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SUMMARY. 

Beach-sand deposits containing zircon, rutile, ilmenite, and monazite OCCUI' 
<.'n the A ustralian east coast, mainly between Stradbroke Island, Queemlanrl, and 
Tallow Beach south of Byron Bay, !~ew South Wale~. Smaller deposits arc known 
as far north as Frazel' Island and at se"eral Ioealitics I>outhwal'(ls to Catherine 
Hill Bay, near Lake Macqual'i{'. Thc Stradbl'ok!' Island depo5it:: hHC been tested 
by Zinc Corporation, and the hcae-h deposits from Stradhroke Island to Frazer 
Island by the Queensland Geological Surn·y. Those between Southport and the 
Cbrenc'e RiYer were bored, sampled, and maplwd by the Bureau of :Mineral 
Hesources, Geology and Geophysics betwe{'n 1947 -and 1951. A field laboratory 
at Southport was equipp{'d for rapid ~eparation of Ramples into theil' constituent 
mineral::. Electronic equipment was imtalled for estimating the proportions of 
monazite in the samples, and of thoria in the monazite. In this report the 'source 
rocks of the sand and hea,'v minerals arc considererl in a brief ,outline of the 
phy::iography and general gc·ology of thc country between the coast and the main 
di,-idc. The deposits are described and their origin and distribution discussed
in eonncxion with late Pleistocene and I'('('cut c:hange, in sea ]{'wl. The resel'ves 

, aBd di~tl'ibution of the heavy minerals arc hroadly :;lImmarized, alld more details 
of rI'8e\":e8 and of dimensions of deposits and-o,'erhllnkn arc given in deseriptions 
(If the ilicli\'idual areas. 
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INTRODUCTION. 

Beach sand deposits along the Australian ea);t coast (Gardn(~r, 1951 a, b) 
haye yielded a large part. of the world'!,: supply of zircon and rutile since the 
year] 936. During 1953 the returns from the export of these minerals amounted 
to more than £2,000,000. In addition the black sands contain a ,<;mall proportion 
of monazite, which is a source of cerium and of thorium, a fissionable element 
that way be used for the generation of atomic power. Frolll a cOlllparatiwly 
small beginning i)~ the mid-1930's the beach-sand indm;try grew rapidly during 
the \\'ar and early post-war years. IJittle was lmown of the distribution and 
reserves of the deposits; hence the Dureau of :Mineral Resources undertook a 
dttailec1 investigation of the coastal area between Southport, Queensland, and 
Woody Head a little north of the mouth of the Clarence River, New South 
Walts. '1'he primary object of the suney was to determine the rrserves of 
monazite and therefore of thorium; the reservrs of zircon, rlltile, and ilmenite 
were also determined. 

During 1947 the Queensland Geological SUl'Yey earried out a reconnaisf;ance 
invest.igation of the beaches from Straclhroke lliland to 1<-'razel' lslancl (Connah, 
1948; lU orton, 1948). Other te:-.ting, by printe concerns, com prisccl boring 
and sampling by Zinc Corporation on North Stradbroke Island, Queensland, 
and at Norries Head, New South Wales (Donaldson and Stuart, 1948); by 
Alluyial Prospectors Ltd., at North Labrador, 3 miles north of Southport; by 
Alluvial Gold TAd., near Norries Head; and by Zircon Rutile TAd., at Tallow 
Beach. 

'fhe investigation by the Bureau of Mineral Resources started in July, 
1947, whell a field laboratory was established in a wartime building at Southport. 
Early work included a contour survey of an area at Tallow Beach tested by 
Zircon Rutile Ltd., the examination of samples obtained by the Queensland 
Geologieal Survey in its reconnai&'<;ance irivestigation, the estimation of reserves 
of lJ10nazite in tailings and other concentrates along the coast, and routine testing 
at separation plants with the object of devising an inexpem;ive method of 
obtaining monazite as a by-product. 

Systematic field work started in J aUltary, 1948, and finished ill Decemhrr, 
1950. During 1948. much time ~vas given to purchasing, rarting', and stock
piling monazite concentrates for the Commonwealth Government. 

The author was in cllarge of the inYestigation, and J. ,Vard waf; responsible 
for the laboratory work throughout. Other Bureau geologists who participated 
for shorter periods included J. O. Cuthbert, '1'. D. Dimmick, .T. E. Glm'('r, N. H. 
Kraf;enstein, and D. l\I. '1'raves; and geophysicists included ,T. Newman. L. W. 
Williams, and Miss h ilL Edhouse. 

'I'he area is traversed by the Parific Highway, which is generall~' much les." 
th:1l1 10 miles from the coast. Access to the beaches and dnnes is simple between 
Southport and Coolangatta: this stretch of coast, being a popular holiday 
resort, is closely subdivided for building, and provided with good roads. Between 
Fingal Point and Cudgen Point, bitumen roads run relatively clo:,e to the 
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be;.ch(·s, but motor tramfport along Letitia Spit and portions of the area south 
of Fingal Point is not practicable without four-wheel-drive vehicles. South of 
C~Hlgen Point, most of the headlands can be reached by road, but the beaehes 
and (~unes are provided, at the best, with sand tracks suitable only for four
w!teel-drive vehicles. The st.ret.ch between Evans Head and Woody Head is 
partic-ularly difficult, because much of it tends to be swampy, and the weather 
\\,'1': anusually wet at the time that. it was being investigated. 

H.ail transport. is provided by t.he State Government Railways of Queensland, 
which rnn as far south as Tweed Heads on the State border, and of New South 
Wales, which terminate at Murwillumbah, 14 miles to the south-west of Tweed 
Heads. The closest ports suitable for over&ea shipping are at Brisbane, Queens
land, and Neweastlfl, New SoutIi \Vales. 

METHOD OF INVESTIGATION. 
FIELD WORK. 

General. 

Jeeps and trailers were used for transport in the field, olle being allocated 
to e:leh boring party of four men. The field party camped in or close to the area 
that was being tested" using equipment supplied by the Bureau. Un.<;killed field 
assistants were recruited for the invest.igation, and taught the work required. 

Boring and Sampling. 

'I'he beaches and adjacent dunes were sampled by boring along lines sited 
at right angles to the beaches. South of Cudgen Poillt the bore-lines were 1,000 
feet apart. Along each line, the bores were at intervals of 30 feet across' the 
beaches and 40 feet across the dunes. North of Cudgen Point, much of the 
coastal area was occupied by townships and settlements, and standard distances 
between bores and bore-lines were not practicable. 

Before a line was bored, it was marked out and cleared of scrub, and pegs 
were driven in at the prospective bore-sites. The levels of the bore-collars 
were then determined with respect to high-water-mark on the beach, using 
either a plane table and alidade, or a theodolite. This made it possible to 
bore accurately to the desired depth. 

When work started in a new area it was· usual to restrict boring initially 
to each fourth or eighth line. These were regarded as scout-boring line.'>, and 
were extended some distance landward.., from the beach, in ord('l' to locate, 
approximately, the boundaries of any deposits in the area. In later bore-lines, 
placed between the scout lines, it wa'i pos.,>ible to predict roughly the positions 
(If the depo.~it, and avoid much unnecessary work. Boring usually began at 
the top of the beach, or on the foredune, where a seam of heavy mineral was 
almost invariably found. Bores were then continued across the beach at 
30-ft. intervals, and across the dunes at 40-ft. intervals. When a bore-hole 
failed to yield heavy minerals, the interval was increased to 80 feet. In 
scout-bore lines the interval was increased commonly to 120 feet, and in places 
to 400 feet. 

10 
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Boring to ground-water level was by means of a, post-hole digger or 
auger, 4 inches in diameter. The sand a few inches below the surface was 
generally sufficiently damp to be retained in tbe auger and to stand ill tbe 
bore-bole, except during long spells of hot dry weatber, wben at times it bad 
to be dampened by pouring water down tbe bore-bole. For each 3 feet of 
deptb the sand taken from tbe bore-hole was quartered down to a sample of 
about 1000 cc. When heavy minerals were visible in the sand brought up 
by the post-hole digger, indicating the pr~sence of a seam, it wa..:; sampled 
separately. Tbe samples "'ere stored in cloth bags and transported to the 
field laboratory at Southport. 

Mapping. 

The plans of the area.<; investigated include Plates 2 to ]0, which art] 
drawn on scales of either 1 mile or 2 miles to the inch, and Plates 1] to 
26, on a scale of 1,000 feet t.o the inch. The small-seale plans show t he general 
geology, localities of mineral depo..:;its, and some of the cultural f('atures of 
each area. They are based on Land<; Department maps and military maps, 
and the boundaries on them were obtained by field mapping and interpretatiOll 
of aerial photograph.,>. The larger-scale plans show bore-sites, milH'ral deposits, 
and lea.'>es, and included with them are sections along some of the bore-lines. 
Tho.<;e coyering the area between Southport and Coolangatta are based on 
1I11'ge-scale Lcmds Department plans. The bore-sites and boundaries were 
plotted by measuring to mapped features such as fence lines. Between Tweed 
Heads and Cudgen Point the settlements are more scattered, and plotting on 
to I~ands Department maps was supplemented by mapping with phine table and 
alidade. South of Cudgen Point the bore-sites and leases were mapped by means 
of theodolite surveys. 

LABORATORY WORK. 

General. 

The laboratory work amounted essentially to a qualitative and quantitative 
estimate of the heavy minerals in the bore samples, after separating them from 
the white quartz sand '~'hich invariably accompanied them. The samples 
received from the field were dried in the sun, or on a fuel stove during wet 
weather. A standard volume, either 700 cc. or 500 cc., was measured out and 
weighed, the heayy mineral,> separated from it, and the heavy concentrate 
aried, weighed, and its volume determined. This work and the recording 
<J~sociated with it was done by field assistants, who spent about one week in 
every three at the laboratory. The subsequent work-determining the 
composition of the heavy concentrate--was done by a geologist in chargc of tht' 
laboratory work. 

Separatim,g Heavy Minerals from Sample. 

Except during the early stages of the wor:k, when a panning dish was 
used, the heavy mineral;; were separated from the quartz sand· by gravity 
concentration on a laboratory-model WilBey table constructed by Otis 
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Engineering Co, of l\Ielbourne. Because of the small yolmne of sand ill each 
sample, the deep wooden riflies supplied with the table were replaced by copper 
strips, cemented in place with" Bostik" adhesi\'e compound. S{,})aration was 
illlpro\'C'Cl by inclining them at a slight angle to the table, :'-;0 that the mineral 
graim \\"ere forced to climb a little while moving along the tablt'. The ~amples 
differed greatly in their rela.tive proportions of hea\'y mineral, and to attain 
satisfacton' I'>eparation it wal'> necel'sary to change for t'ach salllplt' the rate 
of flo\\' of \\"ater across the table, and the setting of the knife-edges dividing 
cone(,lltratt', middling, a.nd tailing. Complete scparation \va.<; gt'nerally obtained 
by a single re-tabling of the middlillg, but in very high-grade and relatively 
low-grade kamples, the middling had to he re-tabled twice. Four men were 
commonl." eillployed for tabling: two to attend to drying, weighing, and 
deterlllilling the yollllne of samples and concentrates, ont' to feed sample to 
tahl!', awl one to take off til(' conccnt.J'ate, Allont 100 to 150 samples per day 
\\"eJ'(~ tl'eatf'd. 

Determ'in'ing Contposii1'on of Concentrate. 

'1'he heavy minerals in the beach sands are zircon, rutile, ilmenite, a little 
monazite, and varying small amounts of other minerals, mainly garnet and 
tonrnaline, Their relative amounts may be obtained by grain-counting, or by 
separating them electro-magnetically and electrostatically into their constituent 
minerals. The monazite and its thoria-content can readily be determined 
radiometricaJiy. At an early stage of the laboratory work, the compositions 
were el'>timated by grain-connting, under a microscope. However, some of the 
rutile grains cannot be distinguished with certainty from ilmt'nite, and ilmenite 
had therefore to be removed el ectro-magnetically from the concentrate. By 
increasing the field strength of the magnet, the monazite, together with somp. 
garnet, was taken out from the remainder of the concentrate, and determinecl 
more accurately. This method of separating ilmenite, monazite-garnet, and 
zircon-rutile, and grain-counting the mixed concentrates, was relatively 
accurate, and for certain purposes it was refined by sieving the concentrate 
into two or more size grades, which were treated separately. However, it was 
too slow to cope with the numbers of samples arriving from the field. Equipment 
installed soon after the start of the il1\'e.stigation comprised an "Isodynamic" 
electl'om::,gnetic separator, snpplied by H. G. Frantz of New York, all 
electrostatic separator manufactured by Mineral Deposits Syndicate, of 
Sonthport, and Geiger-Muller gamma-ray counting equipment fitted with all 
I'lectronic cOllnter. The ilmenite and monazite-garnet were separated out a.<; 
before, alld the zircon and rutile \ye~e separated electrostatically. By weighing 
the separated products, accurate figures were obtained for pereentages of the 
princi};a.l minerah;, and a less reliable figure for monazite. A better fignre wak 
obtained radiometrically. 'fhe thoria-content of the monazite in each ar('a 
trsi;{>(l \Va." estimated by comparing its count-rate with that given by a .<;tandard 
monazite-sample of known thoria-content. Then, kno\\'ing the thoria-content 
of the monazite-which proyed to be nearly constant over a wide area-the 
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monazitc content of the sand wa,> obtained by comparing it.,; count-rate with 
that of the same volume of a standard sanlJilc. Allowance was made for the 
slight rise in count-rate due to a littlc i'adioactivity in thc zircon. 

PHYSIOGRAPHY. 

AREAS DRAINED ny PRINCIPAf, STREA)IS. 

New E11gland Plateau. 

The main dividc' runs more or less parallel to thc coast betwecn Swansca 
and Fraser Island and about 70 to ]00 miles from it, except around the 
headwaters of the IIunter-Goulburn riYer system in New South ,Vales, where it 
diverges to 130 miles, and the Bnrnett and Dawson-Mackenzie Rivers in 
Queensland, where it diverge'> to more than 200 miles. Both these divergences 
are partly .tectonic in onglll, being due to relative sagging of the areas 
during the repeated Tertiary uplifting of the Eastern Highlands. Between 
these two river systems the divide generally maintain." an elevation of 3,000 
feet, rising at intervals above 4,000 feet. In the New England upland area a 
cross-section would show a gentle curve from the west with a steeper descent 
to ttie coast. Th~ New England Plateau owes its elevation partly to thc resistant 
nature of its roeks, which are mainly granite and metamorphics, and partly to 
upwarping during the Mesozoic and Tertiary. In the north it slopes down 
east,,-ards to the Clarence Basin; in the south it rises above the lower coastward 
country at precipitons scarp" in which deep gorges haye been dissectcd by 
rejuvpnate<l strpams. Spnrs of platean ('ountry more than 3,000 feet high rUI1 
eastward from the New England area both north and south of the Clarenec 
Basin and approach close to the coast near 'l'weed Heads and Coffs Harbonr. 

Mal"gino,l Depressions. 

Marginal depressions east of the Highlands include the Clal'encc Basin, the 
Hunter-Golllbllrn Trough, and the Cumberland Basin, in Ncw South Wales; 
and the Morrton Basin in Queensland. 

The Clarenee Basin is com posed mainly of soft J urassie strata, overlain 
in thc north and north-east by Tertiary basalt. Its coastal and central 
portions are relativeL? low-lying; and for the central portion at least this is a 
result of warping rather than erosion in late Tertiary times, since remnants of 
the :M:ioeelie peneplain ean be recognized on it. '1'0 the west and north, where 
it risps to the New England Plateau and the Macpherson Range, it has hccn 
deeply disscded by thp Clarpnce and Richmond HiYers and their trib'utaries. 

The l\Iorrton Basin north of the Macphprsoll Range is composed largely 
of J lIrassic strata, and eonsiderable areas are covered by remnants of 'l'ertiary 
basfolts, Its sm'face is at a low eleyation where trawrsrd hy the lowrr part 
of the Brisbane Riwr, but risps rapidly towards the highlands on the west and 
south. There, its slopes are disspctpd by the Brisbane, Albert, and Logan 
Rivers and tlleir tributaries. 
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The Hunter-Goulburn trough is a tectonic depression in which lie the wide 
and deep valleys of the Goulburn and lower Hunter Rivers. The Goulburn 
River flows over Permian coal measures, uncovered by erosion of resistant 
Tl'las<;ic Hawkesbury Sandstone, and its upper tributaries drain Tertiary 
basalts south of the Liverpool Range. 'fhe upper Hunter River and thc 
southward-flowing tributaries of the lower Hunter flow over Carboniferous 
strata; the lower Hunter flows oYer Carboniferous and Permian sediments. 

Extending southwards from the Hunter-Goulbu~n valley to Kiama on the 
South Coast is a triangular area in which hard Triassic sandstones overlie softer 
Permian strata. The rivers which drain it, the Hawkesbury, W ollondilly, and 
Cox's, flow through gorges in their lower parts, although the upper reaches 
have cut through the Triassic and widened their valleys considerably. A 
marginal depression, the Cumberland Basin, occurs within this area, west 
of Sydney. It is joined to the coast by a 20-mile wide corridor that encompasses 
Port Jackson and Port Hacking. The depression is tectonic in origin, and 
rplatively little has been removed from the area by stream-erosion. 

North Coast. 

F~owing to the North Coast, between the Hunter and the Clarence, are 
the Macleay and Manning Rivers, whose headwaters flow from the main 
divide, and the Bellillgen and Nambucca, which rise 30 miles or less from 
the coast. Between the Bellingen and Clarence Rivers a divide occurs within 
]0 mile:.; of the coast, and the drainage west of it passes to northerly-flowing 
tributaries of the Clarence. The streams flowing eastward are intermittent 
creeks. 

St"eam E,·osion. 

'fhe principal streams have their origin during the Tertiary period. Since 
then they have, generally speaking, followed the same valleys, although they 
have been diverted by Tertiary basalt flows, which obliterated old channels 
all(l buried theil', alluvial deposits. In the present-day 'valleys, alluvial terraces 
are found up to a few hundred feet above the streams. In the maturc lower 
COl1rses, terraces up to 20 feet above river level are common. Probably most 
of them are flood-plain deposits, and some ncar the coast can be attributed 
to (,llstatic changes in sea level. 

The quantities of sediment and heavy minerals transported by the streams 
mllst depend on, among other factors, the amount of erosion being accomplished 
by them. The Clarence system and the Richmond River and tributaries have 
deeply eroded the slopes IIp to the highlands in the Clarence Basin; the Brisbane, 
Logan, and Albert Rivers have brought about similar erosion in thc Moreton 
Basin. The principal North Coast rivers, the Macleay and Manning, have cut 
back deeply into the eastern slopes between the Clarence Basin and the 
Hunter-Goulburn trough, but they have removed a much smaller volume of 
material from their resistant terrain than has come from either of the two 
Jurassic basins. The erosion by the Hunter-Goulburn system is probably 
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similar in amount to that caused by the North Coast rivers. The Hawkesbury I 
Wollondilly ICox's River system seems to have accomplished relatively little 
erosion in the area of hard Triassic sandstone. 

COASTAL PHYSIOGRAPHY. 

The Coastline. 

Workable deposits of heavy minerals have been found along the east coast 
bctween Swansea, a little south of the Hunter River. and the northern end of 
Frazer Island, a distance of about 600 miles. Small accumulations of heavy 
minerals havc been reported farther to the south and to the north, but no 
large deposits are known. The largest and riehest deposit'> occur in the 
JOO-mile stretch between Tallow Beach, south of Byron Bay, and the northern 
end of Stradbroke Island. 

Between Swansea and Frazcr Island, three types of coastline may be 
distinguished. From 2 miles to J5 miles north of Coff's Harbour and from the 
Nambucca RiYer to the Bellingen River consolidated rock extends practically to 
the sea. Much of the shoreline is rocky, but short beaches occur between 
beadl.ands. In strong contrast is the coastline from the Manning River to the 
N~mbucca River, and from the Clarence River to Southport. The cOl}solidated 
rock of the mainland is fringed by sandy, rather low-lying, coastal plains, \vhich 
are extensive near the mouths of the principal streams. Their seaward edge is ' 
marked by sand dunes and long sweeping beaches. In places, consolidated 
roc'k extends as spurs to the coast, where it forms headlands, and \>reaks the 
eOlltinuity of the coastal plain. From Tuncurry to Port Stephens and 
from the Hunter River to Tuggerah Lake, south of Swansea, there is a 
similar disposition of beaches, dune-belts, and swamp, but the coastal plain is 
rrplaced wholly or in part by extensive lagoons or coastal lakes. 

From Southport to Frazer Island the Coastal stretch is distinguished by 
thp occurrence of sandy islands, one of which, Stradbroke Island, contains 
extensive deposits of heavy minerals. !<'rom the Clarence River to Frazer 
Island, the main masses of sand appear to be somewhat northwards from the 
mouths of the main streams, the Clarence, Richmond, Brisbane. and possibly 
the Mary, Rivers. This is a consequence of the strong northward mowment of 
saJl(l, evident in the northward extension of sandspits at the river-mouths. 

Beach al1ll Fored1me. 

A typical beach is llIadc up of rather fine white quartz sand, alld is one 
or two hundred feet wide, depending on the weather and the tide. Tt is 
ill'cuatc in .<;hapc and may cn1'\'e around between two headlands, or start at a 
headland, sweep northward along the edge of a sandspit, and termilIate at a 
river-mouth. The beach surface slopes upward at an angle of a few degre{'s 
and steepens snddf>nly at the foredune. This is 50 to 100 f€et wide, and is 
eommonly ]5 to 30 feet high, and in a few cases more than 40 feet. The top 
of the beach is about 10 feet above low-water level, and thus the cleyation 
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of the forec1une-crc~t ,,"ith respect to wllter is 25 to 50 feet. The, landwlll·d 
or leeward slope of the foredulle is wmally steeper thlln the seaward or 
wind"oard slope, {'xcept during stormy weatlwr and exceptionally high tides, 
when waw erosion at its base may conyert the front of the dune to a yertieal 
sand-eliffo A typical foredune runs the whole length of the beach, and 
maintains a uuiform erossoseetion and crest-height oyer considerable distlll1ee8. 
'rhe foredune is forJlled during long spells of fine weather from sand blown 
lip from the bC'llch. Its surface soon becomes stabilized and protC'eted from 
"'ind erosioll by a growth of natiye grass such as coa.~tal couch and Spintfc.x 
hirl;utis, and creepers such as Goatsfoot Conyolvulus. 

Durillg stormy "oeather, hea"y minerals ·are deposited at the top of the 
Leach, whel"l~ they build up Il "seam" commonly a foot or more thick, 30 to 50 
feet ,yide, and running in some cases for more than half the length of the 
beach. Til fine weather, the lower part of the seam is washed down the beach 
Ilnd is lost through admixture with quartz sand, but the upper part is co,"e1'('d 
by wind-blown sand. It llIay later be coyered by the front half of the 
fOI·pdlllH', {'ucroHching seHward during a long period of building. 

PUl"((l'el Dunes. 

In 1I10st b('ach areas, one or more sand ridges oeeUT behind and pandkl 
to the fOl"{'dune. Wh('n lIlelttiolled later in this report,' they will be termed 
"parallel dUII('s". 'rhey commollly moerlie seams of heavy minerals, alld are 
clearly. earlier forednnes formcd in slleeession dur'illg a period when the! 
shoreline \\'as adyaneing sea,Yard. Such an advance may be attributed to 
:-;hallowillg of the off-shore wakl" due to silting or a slight fall in the sea level 
or both. In t"oo of the arells where the parallel duncs are well develop cd
at Broadbeach, Quecnsland, and Cudgen Beach, New South Wal('s-caretlll 
boring has indicat('d that the black sands beneath the more landward ones 
were deposited on beaches 1 t'o 2 feet above the present bcach. Presumably 
the dllnes \\"CI"C deyeloped durillg a fall in sca leyel or an cmcrgence of this 
magnitude. The parallel dllnes are generally effecti,'ely stabilized by a covcring 
of dune semb, COlISiKting of trecK, shrubs, vincs, and grm,ses. III lllllny places 
the vegetation is dmse (,l\ough to hillder progl"{'.~s on foot, and to Ihake vehicle 
transport. im practicable. 

Coastal Plaz:n. 

The coa.-;tal plain forms a fringe of varying width to oldcr consolidated 
rock. It is brokell into discontinuons areas by spnrs that extend to the coast 
to form headland.~, and on its ."eaward side is fringed by bcaches alltl beach 
dun('.~. 'fwo distinct parts can be recognized in WHlly coastal plains,:, - a 
low-lying portioll which starts at the landward edge of the beach dimes, and 
:I more ele,oated portion some distance farther inland. 

The low-lying part consists of broad sandy fiats"-and swamps and narrow 
arcuate belt.,; of swamps alternating with low sand ridges. 'rhe -sandy flats 
Ilre only a few feet above sca level, but the water-table is at 11 sufficient depth 

16 



• 

to ail ow a growth of s,Yamp oak, rush-like sedges, and in the slightly more 
elevated parts, bloodwood, bracken and blady-grass. Their origin is illustrated 
in the area behind the beach dunes at Palm Beach, Queen.<;land. There, tidal 
flats at the mouth of Tallebudgera Creek are SC{'ll to giye place, landward:;, to 
marine meadow and mangroye fringes, followed by large stands of paper-bark 
ti-tree, these in turn by swamp oak, and finally blo03wood, bracken, and blady
grass. The proC€Ss of reclamation may in some plac('s be due entirely to .<;iltillg, 
aided by the accretion of wind-blown sand from the beach and dunes; in other 
places, it i<; undoubtedly due to the slight fall in sea-leyel, mentioned aboYe 
in the description of the parallel dunes. 

The narrow arcuate belts of swamp and low sand ridges cune around 
in the same way as do the parallel beach dunes. They appear to have, originated, 
8.<; the dunes did, through the silting of an earlier bay and a consequent sea"'ard 
advance of the shoreline. Apparently each saud ridge represents a sand-spit 
or sand-bar that extended northward from the southern end of the bay at about 
the outer edge of the surf zone, enclosing on its landward side the former 
beach and a narrow strip of shallow water, now the swamp. The lowest of 
the sand ridges, which bat-ely rise above swamp level, support little more than 
grasses and rush-like sedges. The higher ridg€s have coverings of Banksia 
sertatifolia and heath-like shrubs, and some rise high enough above ground
water level to support mixed dune scrub. 

Typical low-lying coastal plains are sC{'n behind Broadbeach and Palm 
Beach, Queensland, and Cudgen Beach and other beaches from Potts Point to 
Byron Bay, New' South \Vales. 

H tathlands. 

The more elevated part of the coastal plain consists' typically of heathland 
anrl swamp. Commonly, it displays ill part.,; a pattern of arcuate belts of 
swamp and sand ridge similar to that seen in the low-lying coastal plain, but 
more or less obscured by erosion. At a slight depth below the surface, the sand 
is indurated and rendered impervious by organic matter which has been 
deposited from swamp-waters percolating through it. Heathland areas are seen 
in QUPfnsland at North Burleigh and at Tugun, and in New South Wales 1 mile 
inland from Cudgen Beach, at Norries Head, at Tallow Beach, between Broad
water and Evans Head, and between Evan.<; Head and \V oody Head near the 
mouth of the Clarence River. Heathland., are known to occur farther south 
&long the coast. 

For some miles north 'and south of Evans Head, the heathland areas extend 
to the coastline, forming low sea cliffs of indurated sand. In the cliff faces 
the bedding planes appear horizontal, or are current-bedded, and 11ave major 
planes of stratification which appear to be horizontal, although the bedding
planes actually dip seawards at a slight angle. The cliffs appear to be composed 
of beach sand or shallow-estllaQ' sand, too coarse to be dune sand, and in places 
they contain pebble-beds. They are bay-floor deposits emerged presumably 
throngh lowering of the sea le"el in late Pleistocene or Recent times. Some of 
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the heathlands contain heavy-mineral deposits, which are clearly former beach 
seams. Such a seam occurs betwcen Evans H~ad and 'V oody Head, beneath 
:1 narr'ow belt or low ridge of sandy heathland that curves around approximately 
parallel to the beach and ! to i mile from it. Others are known to occur at 
North Burleigh, near Norries Head, near Seven Mile Beach, and between Evans 
Head and Broadwater, at distances of a few hundred feet, half a mile, Ii miles, 
and 2 Ie 3 miles, respectively, from the present beach~s. 

The seam between Evans Head and Woody Head, mined for gold towards 
the end of the 19th century, when it was named Macaulays Lead, is 10 feet 
above the seams on present-day beaches. Those near Broadwater and Norries 
Hrad are probably at the same level as Macaulays Lead. The seams near Sevel!. 
Mile Beach and at North Burleigh were estimated, as a result of boring, to be 
5 feet above present beach-seams. The heathlands apparently represent typical 
coastal areas, comprising tidal flats and the floors of shallow bays, littoral deposits 
and beach dunes, which have emerged,- some a total of 10 feet and others 5 feet, 
above sea level. Other heathlands occur south of Evans Head at higher levels. 
They have not been examined in detail. They possibly originated in the same 
way as those just described, through emergences of greater magnitqde .. They 
will be mentioned in the section on general geology wMn' eustMlc 6hanges in 
sea level are discussed. 

Evidence of late Submergence. 

The beach-seams at 10 feet, 5 feet, and 2 f~et above sea level seem to 
indicate successive net emergences of 5 feet, 3 feet, and 2 feet.' Before the latest 
emergence, the coastal area was probably submerged to at least 5 feet below 
present sea level. The evidence for this is the occurrence of peat deposits and 
mineral-seams below present sea level. On beaches north and south of Evans 
Head, peat deposits containing mangrove stumps and roots extend from about 
high-water level to some depth below low water. It seems likely that the peat 
started to form during an interval when the sea level was somewhat lower than 
it is at present. The lower limit in depth of the.se deposits is" 110t known. At 
North Burleigh and Tugun, deposit~ of heavy minerals continue downwards to 
at leaf;t 2 feet below low-water level. .The lower limit of present-day beach 
seams i.<;, approximately, mean sea level, which is 3 feet above mean low water. 
Hence the low-level seams indicate a sea level at least 5 feet below its present 
level. 

Transgressive Dunes. 

Parts of the coast are fringed by dunes which, are quite distinct from the 
ht'ach dunes, in that they are elongated in the direction of the prevailing wind. 
They have obviously developed as active dunes moving in that direction, and are 
referred to here 8'S transgressive dunes. They are best developed ori the sandy 
islands off the south coast of Queensland, ailCl are described in the section dealing 
with North Stradbroke Island. There it i.~ shown that they occur in 'five di.~tinct 
formations that developcd in successive stages, the dunes of each stage advancing 
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partly acrOl"S those of the preceding stage. Their surfaces arc effectiwly 
stabilized by a covering of vegetation, which "arie:; frolll place to place, ranging 
from rain-forest to heath-like shrubs. l\Iinor tran:;gre:;sive dune:; are forming 
to-day on a small scale through wind-erosion of beach dunes and are seen best 
on North and South Stradbroke I<;lands. The forcdulle and parallel dunes an' 
being broken up by blowouts and converted into active transgressive dUllef'. 
Probably the older transgressive dunes were formed in the same way, but it is 
obvious that much larger quantities of sand must have been available than those 
that occur in the present-day beach dunes. This could have been pro\'ided ollly 
by an uplift of the coastal area, or a fall in the level of the sea, at each stage of 
dune-building. The transgressive dunes on the mainland are best developed on 
the south coast of Queensland, from Double Island Point to 6 miles south of 
Naosa Head. For some miles south of Double Island Point they rise to heigllts 
exceeding 600 feet. The dunes have not been examined ill the field, but th_c 
contour-lines and drainage patterns shown on military maps suggest that they 
have developed in several stages. 

Military maps indicate also that new transgre[.;.,:;ive dunes oerur along' 
portions of the New South Wales coast for about 20 miles south from the mouth 
of the Clarence River and for 10 miles southward from Sugarloaf Point opposite 
l\Iyall Lake. A dlUle stretch behind :Newcastle Bight, more than 12 mile:; 
long and a mile or so wide, probably consists of beach dunes being cOIlYerted to 
transgressive dunes. Similar smaller areas occur at Nine Mile Beach, just Borth 
of Lake Macquarie, aud at Tuggerah Beach on the seaward side of Tng-gcrah 
Lake. 

Irregular dune masses which are probably eroded relllnants of transgres.<;iYe 
dunes, mentioned later in the description:; of the indivic1ual arras, occnr near 
Cudgen Hp-ad, Tallow Beach, Ballina at the mouth of 'the Rir;hmond River, 
,Broadwater north of Evans Hrao, and for some miles sou.t.h of Evans Head. 
Even where best. developed, the transgre:ssive dUllrs in ~r"· Sonth \Vales are 
much smaller than those in Quecnshllld, alld tht'y secUl to havc dl'n'loped in 
only oue 1>1' ,two stages. 

Sundy Islands. 

The large sandy island,:; off the :;outh coast of Queenshmd ~Frazer, Moreton, 
and Stradbroke IElands-seem to be made up almost entirely of old tl'ansgressi\'(' 
dunes, .'>tabilized by a covering of vegetation. The dUJH':; rise to a maximum 
height of 900 feet, and are f'longated ill a north.north-westerly dirt·ction, North 
Stradbroke and South Stradbroke Islands (~xistrcl as a single unit until '-;0 
years ago, when tidal currents in the llroadwatel' opelLrd a pas.-;agc at .Jumpillpin, 
The opening between South Stradbroke Island and the mainland wa,~ Jlrobahl~· 
made in the "ame way at some earlier period, and if so, it became the fir.-;t 
break in a long beach that extended from Burleigh Head to Point Looko,ut. 
Similarly, :l\Ioreton Tsland may have been joined to Korth Stradbroke Island, 
and Frazer J sland to the mainland at Illskip Point. 
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Frazer and Moreton Islands have not been examined in the field, but some 
information on them is given by Connah (1948) and Morton (1948). North 
Stradbroke Island was examined in greater detail during rp.connaissance surveys 
by a Bureau party in January, 1948. 

The north-eastern eorner of each island is formed of eOllsolidated rock 
which rises to a height of one or two hundred feet: presumably it acted as a 
barrier to northward migrating sand. 

The area of transgressive dunes terminates on the east as an abrupt scarp 
or clifl'. On Frazer Island and the greater part of Moreton Island, the cliff 
overlooks the ocean beach; on North Stradbroke Island it is obviously a former 
shoreline, but is now separated from the ocean by a narrow belt of swamp and 
beach dunes. This low-lying tract is comparable with the low-lying portions of 
the coastal plain fringing the mainland and undoubtedly it originated in the 
same way. 

On North Stradbroke Island seams of heavy mineraL~ occur on the ocean 
beach and beneath the parallel dunes, and very large tonnages exist in low-grade 
deposits in the transgressive dunes. 

At several localities along the eastern, western, and nortll~rn sides of the 
island, deposits of sand-rock, practically horizontally-bedded!or with a slight 
seaward dip, are exposed in creek beds and in the scarp at the edge of the trans
gressive-dune area. Carbonaceous material deposited between the grains has 
bonded the sand, and given it a brownish or chocolate colour. The deposits, 
which will be referred to later as organically-bonded sand-rock, are clearly 
water-laid. They occur at height., of 30 to 60 feet and 90 to 110 feet above 
sea level, and probably were depc..sitC'd in coastal swamps, such as those that 
occur in thc low-lying purts of cOlt~tal plains. 

GEOLOGICAL BACKGROUND. 
General. 

The country drained by the eastward-flowing stream.';, and contributing 
sediment to the coast, i~ underlain by sedimentary and igneous rocks of the 
Palaeozoic Tasman Geosyncline, and marginal, Mesozoic, freshwater basins. 
It is covered in places by remnants of Tertiary basalt flows, some of which 
occupy considerable areas. The main divide runs south-east along the basalt
covered Bunya Mountains of southern Queensland through country underlain 
by Jurassic freshwater sediments, and turns south near the latitude of Brisbane. 
The Moreton Basin of Triassic and Jurassic sediments .. extends from this portion 
of the divide towards the coast, near which intervenes a narrow belt of Lower 
Palaeozoic sediments. The divide continues southwards towards the headwaters 
of the Hunter and Goulbur~ Rivers, following the relatively high New England 
Plateau. Most of this country is underlain "by Permian granitic rocks, which 
form a roughly elliptical area more than 80 miles wide and 200 miles long. 
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Prom the northern part of the New England area, the Clarence Basin of 
Jurassic sediment,> stretches towards the south-south-east, widening as it 
approaches the coast. 

The remainder of the country ea.<;t of the divide is underlain by Palaeozoic 
sediments-Ordovician and Silurian southward" to the basalt-capped divide 
between the Macleay and Ha.')tings Rivers, ahd Devonian and Carboniferous 
from thf're to the Hunter Hiver. The H unter-Goulburn valley marks approxi
mately the northern edge of the triangular Permian sedimentary basin that 
contains the main coal-fields of New South Wales. It is capped bv the resistant 
Triassic Hawkesbury Sand<;tone. The divide bulges out aroun(l the Hunter
Goulburn headwaters and swings in again to follow, approximately, the western 
edge of the Permian basin. As noted in the section on physiography, the New 
England area gained much of its altitude from Tertiary upwarping, which also 
elevated the western portions of the marginal basins and tilted them to the east. 

SOURCES OF SAND AND HEAVY MINERALS. 

General. 
The sand along the coast consist .. essentially of quartz, and it') main sonrcps 

must be granitic rocks and arenaceous sedimentary rocks derived from them. 
The heavy mineraL,> are accessory minerals of the flame rocks, and may aL<;o 
include accessory minerals of basi~ volcanics and intrusives. 

The principal areas which may be considered as possible sources of sand and 
heavy minerals are the New England granitic rocks, the Mesozoic basins of 
sedimentary rocks, the Ordovician and Silurian rocks between the Clarence 
Basin and the IHacleay-Hastings divide, the Devonian and Carboniferous rocks 
between there and the Hunter River, the Permian and overlying Triassic rocks 
of the Permian sedimentary basin, the remnant'> of basalt throughout the area, 
and Tertiary river-gravels exposed by erosion of the basalt. Later, it will h(~ 

shown that nearly all the sand along the coast was deposited during and after thc 
late Pleistocene, and much of it in early Recent and mid-Recent times. 'J'hi!': 
means that it wa.<; derived during only a brief period of erosion. A disC-llS:·;ioll 
of the relative amount .. of sand and heavy minerals that may have heen COIl

tributed by the scYt'I'al areas is given below. 

SAND. 

Mesozoic Basins. 

The sediments of the :Mesozoic baflins contain a large proportioll or "om
paratively soft sandstones, and undoubtedly they have contributed thc lal'g('st 
quantities of sand to the coast, via the Clarence-Richmond and the Brishalw
Logan-Albert river systems. 'fhe deep dissection of their slopes where they risf' 
towards the highlands had been mentioned in the sed ion on physiography. 

The New England Plateau. 

Erosion at the ea.-;tern margin of the New England Plateau ha.<; developed 
precipitous scarps and def'p gorges. However, on the surface of the plateau, 
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the streams fiow sluggishly in the valle.ys that have been little eroded since the 
Tertiary. It seems that the New England area as a whole is. contributing directly 
only a small proportion of the sediment that reaches the coast. 

Ordovician and Silurian SecL1·ments. 

The Ordovician and Silurian sediments between the Clarence Basin and the 
)raclea~'-Ilastings divide, strongly folded and resistant to erosion, form a high 
platean, which has been somewhat dissected on the seaward slope by the BeUingen. 
N ambucca, and l\Iaeleay Riyers. They are made up mainly of fine-grained 
sediments characteristic of deep geosynclinal conditions, with interbedded spilites 
and other yolcanics. They are poor in arenaceous material, and presumably f01' 
this re(lson the sand deposits on this part of the coast are relatively small. 

DC1)Oni(l1/. (I11rl Cal"lJOnifcro1/s SedimC1lts. 

J\ !thongh the Devonian and C(lrbonifcrons rocks farther sO\lth rise t.o 
higher altitudes, they have been eroded more widely than the Ordovician and 
Silurian farther north. In their lithology, the Devonian rocks resemble the 
Silurian and Ordovician, and cannot be expected to yield much sandy sediment. 
The Carboniferous beds differ from the earlier Palaeozoic in containing a notable 
proportion of arenaceons and coarser-grained s?diment in marine beds, terrestrial 
lacustrine sediments depositd in piedmont areas, and glacial and fluvio·glacial 
deposits. The are(ls ullclerlain by Carboniferous rocks are drained principally 
hy the Hastings, :Manning, and Hunter Rivers, which undoubtedly have provided 
the sandy deposits between the Hunter and the Macleay Rivers. These are 
eomiderable, although milch less extensive than the deposits between the Clarence 
River and Frazer Island. Besides the main rivers, many smaller streams such 
as the l\iyall and Karuah RiYers flow to this section of the coast. They enter 
lakes or indentations which have not been silted, and thus they can carry only 
minor amounts of sediment. 

The sand in the near North Coast does not appear to have undergune the 
extensive migration spen Horth of the Clarence River. Spits between the· Hunter 
and the Bellingen Rivers have developed both to the north and the south, althongh 
the northerly directed 011es are the more prominent. Probably, long-shore 
currents and winds are directed successively northwards and then southwards 
in different seasons of the year, resulting in alternate northward alld sonthwarcl 
shifting of sand in the littoral zone . 

• Main Coal Basin. 

The area south of Newcastle capped by Triassic Hawkesbury Sandstone has 
an indented coast that has not been markedly silted. Apparently the resistant 
sandstone cO"er ha<; prevented much erosion. Sand deposits do occur, such as 
that on and behind Tuggerah Beach, and deposits of heavy minerals are being 
worked south of Swansea. 
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Tertiary Basalt and Rive)' Gravels. 
1\1ost of the areas covered by basalt arc small, thc largest generally occurring 

at the headwaters of streams, and forming the divides. 'flley cannot have COll
trIbuted much sediment' to the st.reams, and in any case little of this would 
consist of sand. The basaltic area around and south of the Macpherson Range 
may have contributed some heavy mineral to the Richmond River, and this will 
be discussed later. The Tertiary river-gravcls buried by the basalts undoubtedly 
contribute some sand and heavy minerals to the pres,ent-day streams. lIowc\"el', 
they form only small areas, which are being exposed and eroded at a slow ratc, 
and the quantities of sediment yielded by them can only be small. 

HEAVY MINERALS. 

The heavy minerals of commercial interest in the beach sands, in order of 
abundance, are zircon, rutile, ilmenite, and a very small proportion of monazite. 
Others occurring as minor cOJl.<;tituents include garnet, tourmaline, leucoxene, 
chromite, epidote, spinel, magnetite, and cassiterite. The suite of minerals -is 
lypical of those found in granites and surrounding metamorphics, except that 
rutile occurs in much smaller proportions in such a provenance. The chromite, 
ilmenite, and magnetite could be derived ill part from basic igneous rock. 
Arenaceous sedimentary rocks should contain the same stable heavy minerals 
as the igneous rocks from which they were derived, except that ilmenite may bc 
altered wholly or in part to leucoxene, anatase, brookite and rutile. 

Samples of rocks and stream sands collect cd by the Bureau party from the 
New England area and the Ciarence Basin were examined by Beazley (1950), 
who concluded that the beach-sand heavy-mineral deposits of southern Queens
land were derived from the New England granites via the Clarence sandstone.~. 
The Bureau's work, as shown below, supports his main conclusions. 

New England Granites. 

It has been pointed out that the New England area cannot have contributed 
much to the deposits of sand along t he coast; and for the same reasons, little 
oi the heavy mineral can have come directly from it. However, it was the source 
of the sediments and heavy mineraL., of the Clarence Rasin. The New England 
granite may be regarded a<; a composite batholith emplaced in a sel'ies of succes
sive intrusioD.'> (David, 19;30): firstl~· of porphyrite followed by quartz diol'ite
porphyrite; later of porphyritic hornblende-biotite gnmite; and towards the 
end coarse-grained acidic orthoclase' granite. Associated with this last stage al'(~ 

numerous dykes of aplite, pegmatite, and quartz, and areas of marginal greiseni
zation, some of which contain deposits of tin, wolfram, bismuth, and molybdenite. 
Monazite occurs in hydrothermal and pegmatitic deposits and as a rare 
constituent of the granitic rocks. Gold ores are found at s~\"eral localities 
within the New England area. 

The granitic rocks were examined by Andrews (190ii) , who r.las.<;ified them 
as grey and black felspar porphyries, blue granite, sphene granite-porphyry 
(and sphenc diorite-pol'Jlhyry), and coarse acid granite or tin granite. 
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Beazley (1950) broke samples of granite down to monomineralic particles, 
and made estimates of the relative abundance of the heavy minerals. Table 1 
below is based on his Table IV., omitting all except zircon, monazite, magnetite 
and the titaniferous minerals. 

TARLE I.-HEAVY MINERALS IN NEW ENGLAND GRANITIC ROCKS. 

Adapted from Beazley (1950). 

Rock Type. Zircon. Rutile. lImpn- Mona- Leueo· M:lgne- Sphene. Ana-
ite. zite. xene. tite. tase. 

Coarse-grained acid granite, New England 
Highway, north of Tenterfield .. C S S S .. C S S 

Coarse-grained granite, Stanthorpe .. C .. S .. .. C S S 
Pegmatite, north-east of Tenterfield .. C S S S .. C " .. 
Sphene granite-porphyry, near Wallongorra s .. S .. S s C .. 
H Ba.t;;ic " blue granite, 2 miles cast of 

Tenterfield " .. .. s S s .. .. s S S 

C = very common; s = scarce; S = ver)~ scarce. 

Table 1 shows that all the beaeh-sand minerals are prespnt in the New 
England granites, but a quantitative estimate cannot be made from it. A better 
idea of their relative amounts may be had from the analyses of stream sands 
shown llPre in Table 2, adapted from Beazley's Table VII. 

TABLE 2.-ZIRCON, MONAZITE, MAGNETITE, AND TITANJFEHOUS MINERALS IN 
NEW ENGLAND STREAM SANDS. 

Adapted from Beazley (1950). 

Stream. Zircon. Mona- l\Iagne- Rutile. limen- Leuea- Sphene. Ana-
zlte. tite. Ite. xene. taqe. 

Mann River on road from Glen Innes to 
Grafton, 7Si miles from Grafton .. 5.2 0.6 72.1 2.1 5.7 2.4 .. 

(Contained 10.1 per cent. hornblende) 
Bluff River, between Tenterfield and Glen 

l.l 132:71 

1 

Innes .. .. .. .. IS.O I 0.0 1 "·'1 
.. 

1.51· 
0.1 

Sandy Creek, in granite country, between 
Tabulam and 'l'enterfield .. .. 10.0 1.0 11.8 3.5 63.8 " 3.5 .. 

(Contained 5.5 per cent. hornblende). 
Average .. .. .. .. 11.1 I o. S I 42.31 2.21

34
.
1 I .. I 2.51 .. 

Averag .. calculated to percentages .. 11.9 0.945.5 2.4 36.7 .. 2.7 .. 
j 

Althongh the samples takrn from the three strpams differ widely in the 
proportions of their constitnent minerals, 'fable 2 givps the best approximation, 
with the data available, to the a\'('rage composition of the heavy mineJ'Uls in the 
New England stream-sands. The average composition of the beach sand deposits 
from Ballina to North Stradbroke Island is: 

Zircon. Untile. : Ilmenite. l\fonazite. 

40.6 31.6 27.3 0.5 
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No sphene has been fonnd in the deposit.'>, awl magnet.ite amounts to much 
less than 0.1 per cent. Hence it seems that only a very small proportion of the 
beach-sand heavy minerals could have come directly from the New England 
granites. On the basis of percentage of magnetite-assuming on the one hand 
that no magnetite entered the beach sands from any other source, and on the 
other hand that none was lost from the New England heavy concentrates during 
transport-the beach sand deposits could not have received even 0.2 per cent. of 
their heavy minerals directly from the New England granites. 

Clarence Basin. 

The Clarence Basin, drained by the Clarence and Richmond River systems, 
is a structural and physiographic basin (David, 1950) that extends for 120 miles 
southwards from the Queensland-New South Wales border. Its maximum width 
is 65 miles. The surface is underlain by Juras.r;ic sediments of the Upper Clarence 
and the Lower Clarence Series, the Upper Clarence occupying the full width 
of the basin on the north and tapering toward,> the south, and the Lower 
Clarence forming a continuous fringe around the western, southern, and eastern 
or coastal margins. The basin is tilted towards the east, the base of the .Jurassic 
being at an altitude of more than 1,000 feet near Drake on the west, and at or 
below sea level on the coast, north of the Clarence River. Remnants of Tertiary 
basalts occur in places throughout the basin and form a large area in the north
east from Ballina to the Macpherson Range. 

The Clarence strata consist of sandstone and a little conglomerate, sand-' 
stone, and shale with thin coal bands. At Glenreagh near the southern end of 
the Basin flows of basic lava are interbedded with the sediment. The sandstones 
form a considerable proportion of the total thickness of sediments, and arf! 
generally relatively soft and easily eroded. Samples examin.ed by Beazley 
(1950) contained 0.7 to 1.5 per cent. heavy minerals. 'l'he compositions of their 
heavy-mineral suites are given in Table 3, which is adapted from Beazley's 
'rable IV. . 

TABLE 3.-HEAVY MINERALS IN CLAREKCE SE'RlES SANDSTONES. 
:\dapted from Beazley (W50). 

J.ocality. Zircon. Rutile. Ilmen- ~[ona- Leuco- Sphene. Other Minernls. ite. zite. xene. 

Outcrop near Yamba " .. 33.1 14.0 10.1 3.2 8.S " Gamet 27.5 
Tourmaline 2.9 

Road cutting near Tabulam .. 29.0 37.9 22.4 6.1 1.4 " Gamet 0.9 
Tourmaline 2.0 

Road cutting ncar Broken Head .. 21.5 20.0 11.3 1.2 41.0 0.3 Gamet 1.2 
Tourmaline 2.3 
Epidote 9.4 
Spinel,O.5 

Neglecting the "Other l\'[in('rals ", th(' composition recalculated to per
cwtages is given in Table 4. 
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TABLE 4.-ZlRCON, RliT1LE, MONAZITE, AND TITANIFEROUS MINERALS IN 
l'LARl':NCE SERIES SANDSTONES. 

I.ocality. Zircon. Rutile. Ilmenite. Monazite. .Leucoxene. Sphene. 

Outcrop near Yamba .. .. 47.S 20.2 14.6 4.6 12.7 .. 
Road cutting near Tabulam .. 30.0 39.2 23.1 6.3 1.4 .. 
Road cutting near Broken Head .. 22.6 21.0 11.9 1.3 43.0 0.3 
Average .. .. .. 33.5 26.S 16.5 I 4.1 19.0 0.1 

It may be a'3Sumed that thE' hravy minerals in the Clarrnce ,';RncL<;t.ones haVe 
been derived largely from those in the New England granites. ThE'ir compo~j
tions, as well as is known, are given in Table 2. Obvions differences are the 
disappearance of magnetitr, and, virtuall~T, of sphenr, a rE'duction in the pro
portion of ilmenite, a large incrca.<;e in the proportion of rntilr, and the appear
ance of relatively large amounts oE leucoxene. These changE'S are apparently 
Clmsed by weathering and diagent'si:;. Since the sediments were Ileposited, :,hc 
magnetite has \yeathered to Ilydrated oxides, probably through an intermediate 
stage of reduction, solution, and tl'an.<;port in ground-watt-I'. Some of the 
ilmenite has weathered to leucoxene rmel possibly othE'r titanium oxides, and its 
iron content has probably followed the same course as that of the magnetite. 
David (1950) mentions ferruginous cOllcretions in shales, and fossil ,<;tern." and 
petrified "'ood preserved in ironstone, and cOllsidera ble cOllcentration'> of iron, 
in placE'S, in the massive siliceous Handstone;; of the Kangaroo Creek Stage. 
Beazley (1950) states that Rome of the rutile grains in the sandstones are ellhedral 
or nearly so, and crystal edges usually can be seen. This suggests that the rutile 
is largely an authigenic constituent, formed by the alteration of ilmenite and 
f;phene. Support for tilis suggestion is obtained from Table 5, which has been 
prepared from Table" 2 and 4 to show the relative proportions of zircon, mona
zite, and total Ti02 111 :\few England stream-sand,> and in Clarence sandstones. 
The average composition'> shown are closer than might have been expected. The 
discrepancy in the propprtions of monozite may be due to the faet that the 
New England samples came from typical granitic areas, rather than mineralized 
area..;, which are richer in monazite, whereas the sandstones have received 
sediment from both. 

TABLE 5.-ZIRCON, MONAZITE, AND TOTAL Ti02 IN ~EW EXGLAND 
STREAM SANDS AND CLARENCE SERIES SANDSTONES. ' 

IJocality. Zircon. Monazite. Rutile. Ilmenite. Leucoxene. Sphene. Total TiO •. 

.v elO England Stream 
Sands. 

Average orrable 2, omit· 
ting magnetite .. 21.S 1.6 4.4 67.2 .. 4.9 .. 

.. .. (4.4) (31.0) .. (2.7) 3S.l 

Calculated to percentage 35.4 2.6 .. .. .. " 62.0 

Clarence Series 
Sand<Jlones. • 

A verage of Table 4 .. 33.5 4.1 26.S 16.5 19.0 0.1 .. 
.. .. (26.S) (7.6) (IS.0) " 52.4 

Calculated to percentages 37.2 4.6 .. I .. .. " 5S.2 
• It. is n .. llmed t.hat J.eueoxene i, TiO" uH,O. (Coil, 1933; Edwards, 19t2) nnd thnt the qlll\ntit,y of water is small. 
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In addition to the heavy minerals in the Clarence sandstones some magnetite 
and ilmenite must be deri'-ed from overlying Tertiary basalt'>, andesites, and 
volcanics within the Clarence Series. The quantities cannot be large, because 
interbedded volcanics' have been recorded only near the southern extremity 
of the basin, and the remnants of Tertiary lavas are small, except in the 
north-east. Samples from stream sands were examined by Beazley (1950). 
Their heavy-mineral compositions are giyen in Table 6, which is adapted from 
Beazley's Table VII. 

TABLE G.-HEAVY MINEHALS IN STREAM SANDS IN CLARENCE BASJX. 
Adapted from Beazley (HI50). 

Stream and Area Drained. I Zircon. I Rutile. I Ilmenite. I Monazite. I Magnetite. Other Minerals. 

Orora River, nine miles west 

I of Grafton .. ., 43.7 19.0 21.7 5.5 0.2 Garnet 6.7. 
(Drains Clarence Series only) Leucoxene 1.3 

Tributary of Richmond, be· 
tween 'fabulam and Casino 38.0 17.7 29.9 6.3 1.0 Oarnet 6.3 
(Clarence 'Series, and small 

remnants of basalt) 
Richmond River at Casino ., 4.8 4.2 60.9 0.7 20.2 Garnet i.6 

(Clarence sediments, near Augite 1.1 
large area of Tertiary 
basalts) 

The compositions of Table 6 compared with those of the Clarence sandstones 
shown in Tables 3 and 4 are higher in zircon, monazite, and ilmenite, 10,Yer in 
rutile and leucoxene, and contain magnetite which was not fonnd ill the sand
dones. The enrichment in zircon and monazite is readily understood: they are 
the heaviest of the minerals, and in addition, zircon occurs as quite large crystals 
(Beazley, 1950). As a result they tend to accumulate iu the stream bed. Oil 
the.other hand, leucoxene is the lightest of the minerals; it is readily transported 
downstream; and practically all of it is removed from the stream sands. TIle 
magnetite in the stream sands and the additional ilmenite apparently came from 
Tertiary basic volcanics, because both these minerals are more abundant in the 
samples taken from areas where the volcanics are more widespread. This is 
'l'onfirmed in a qualitative way by the mechanical analyses given in Table 7 of 
the concentrates of Table 6 together with one from Currumbin Creek. The latter 
.Hows through I.1ower Palaeozoic greywacke capped by 'l'ertiary basalt. Its heavy 
minerllls are nearly all derived from the basalt, and contain 86.4 pCI' cent. 
ilmenite and O.!) per cent. magnetite. 

TABU~ i.-MECHANICAL- ANALYSES 0]' HEAVY MINEHALS IN STREAM SANDS 
iN THE CLAHENCE BASIN AND IN THE MACPHERSON HANCE. 

Adapt~d from Beazley (1950), Table V. 

Aperture Size of Sieve and Percentage Weight of Heavy Mineral Retained. 
Locality of Sample. 

.251 .li8 .152 .124 .1().1 .0.6 <.0.6 

Clarence Basin-Orora River .. 22.2 40.8 14.8 5.3 3.4 12.7 0.7 
Tributary of Richmond between 

Tabulam and Casino .. 3.2 21.6 17.0 10.4 0.9 44.1 2.7 
Richmond River at Casino .. .. 5.0 8.8 8.5 2.1 67.4 8.2 
Macpherson Range--Currum bin 

Creek .. .. . . 0.6 3.1 5.1 3.0 2.1 66.2 19.9 
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It can be seen that increasing proportions of ilmenite and magnetite in the 
samples are accompanied by similar increases in the proportions of the smallest 
two size grades. On the other hand, the ilmenite and magnetite in stream sands 
in the New England area are, in general, much coarser-grained. This is shown 
in Table 8, which gives the mechanical analyses of the heavy minerals of Table 2. 

TABLE R.-MECHANICAL ANALYSES OF HEAVY MINERALS IN STREAM SANDS 
IN THE NEW ENGLAND GRANITIC AREA. 

Adapted from Beazley (1930), Table V. 

Aperture Size of Sieve and Percentage Weight of Heavy Minerals Retained. 
I,ocality. 

.251 .1 i8 .152 .124 .104 .Oi6 < Oi6 

Mann River .. .. .. 9.9 27.9 16.5 8.0 12.0 25.4 0.3 
Bluff River .. .. .. .. 14.2 16.0 II.8 5.0 52.6 0.4 
Sandy Creek .. .. .. 7.2 40.4 20.4 10.1 0.3 21.5 0.1 

Summarizing, the Clarence Basin sediments are made up in part of sand
stone:.;, which contain different proportions of the same relatively stable heavy 
minerals as the New England granitic rocks. The proportions of zircon, monazite, 
and total titania are nearly the same in the sandstones as in the New England 
stream sands. Remnants of Tertiary basic volcanics capping portions of the 
Clarence Basin contribnte fine-grained ilmenite and magnetite to the stream 
sands. 

Moreton Area. 

'fhe Tria.<;sic and ,T urassic beds of the Moreton area comprise conglomerate, 
grits, sandstones of siliceons, felspathic, and ferruginous types, shales, 
carbonacf'ous shalf'S, alld coal seams. Intrusiye rocks include alkaline dykes, 
plugs, and laccoliths, and sills of analcite-dolerite, probably early 'Tertiary in 
age. The younger of the Jurassic beds, those of the Walloon Series, occupy large 
areas in the west and south, and include a large proportion of very soft, easily 
weathered, calcareous sandstone. Tertiary basic volcanics cover the main divide 
on the west and the Macpherson Range on the south, and remnants of them 
occur within the area. 

The heavy minerals in some of the sandstones are shown in Table 9, which 
is adapted from Beazley (1950), Table IV. The quantities of heavy minerals 
obtained by Beazley amounted to 0.1 per cent. or less from each sample compared 
with 0.7 to 1.5 per cent. from Clarence sandstones. 

TABLE 9.-HEAVY MINERALS IN SANDSTONES OF MORETON AREA. 
Adapted from Beazley (1950). 

I,Qcality. Zircon. Rutile. Ilmenite. ~!onazite. 
I,euco- Garnet. Tour-
xene. maline. 

Near Beaudesert (Bundamba 
sandstone) .. .. 32.2 14.9 10.8 2.4 5.5 32.6 1.1 

Cape Moreton (U. Triassic) .. 31.9 15.7 18.5 2.8 6.8 20.1 3.9 
Caloundra Head (U. Triassic) .. 8.2 14.2 10.0 2.3 2.3 58.8 3.8 
Alexandra'Headland (Jurassic) .. 4.5 4.0 2.8 1.7 0.4 85.4 1.2 
point Arkwright (Jurassic) .. 32.5 40.5 18.7 3.5 0.4 2.8 I. Ii 
Average .. .. .. 21.9 17.8 12.2 2.5 3.1 39.9 2.3 
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These sand'Stones differ from those of the Clarence Series (Table 3) mainly 
in their large garnet content. A bctter comparison of the compositions may be 
got by calculating the relative percentages of zircon, monazite, and titaniulll 
minerals, as is done in "Table 10, and referring to the corresponding Tablc 4 for 
the Clarence sandstones. 
TABLE 10.-ZIRCON, MONAZITE, AND TITANIFEROUS MINERALS IN SANDSTONES 

IN MORETON AREA. 

Locality. ZircoD. Rutile. Ilmenite. Monazite. Leucoxene. 

Near Beandesert .. .. .. 48.9 22.6 16.4 3.6 8.4 
Cape Moreton .. .. .. 42.1 20.7 24.4 3.7 9.0 
Calonndra Head .. .. . . 22.3 38.0 27.2 6.2 6.2 
Alexandra Headland .. .. 33.6 29.8 20.7 12.7 3.0 
Point Arkwright .. .. . . 34.0 42.4 19.6 3.7 0.4 
Average .. .. .. .. 36.2 30.7 21.7 6.0 5.4 

It can be seen that the Mesozoic sandstones of the Moreton area contain the 
heavy minerals of the beach sands in much the same proportions as the sand
stones of the Clarence Basin, except that they have an appreciably larger propor
ti,on of mona?;ite and much less leucoxene. It has already been noted that the 
proportion or' heavy minerals is only about one-tenth of that contained in the 
Clarence samples. 

In addition to the sediments", the Mesozoic strata of the ~'loreton area contain 
a considerable thickness of volcanic rocks, both acidic aud basic. Through much 
of its course, the Brisbane River flows through Upper Triassic rocks of the Esk 
Series, of which the lower stage consists predominantly of andesitic rocks. Their 
heavy minerals appear to be represented in the sands of the Stanley River at 
Somerset Dam. These have the composition given in Table 11, which was 
adapted from Beazley (1950), Table V. Magnetite, hornblende, and sphene are 
hardly represcnted at all in beach sands, and hence Table 11 shows also tht': 
percentage composition when these are omitted. 

TABLE ll.-HEAVY MINERALS FROM STANLEY RIVER. 
Adapted from Beazley (1950). 

Zircon. llutile. Ilmenite. Monazite. Magnetite. Sphene. Garnet. HomlJlentie. 

1.5 .. 40.6 0.~8 46.7 0.8 0.9 5.0 
(3.5) .. (94.6) (1. 7) .. .. .. . . 

A mechanical analysis of thcse heavy minerals shows that 93.4 per cent. by 
weight of them consi.,t of grains larger than 0.178 lllm.; the ilmenite and mag
netite grains here are much larger than those derived from the Tertiary volcanics 
iu the Clarence area. 

A sample of Brisbane River sands from Moggill, about 20 miles west-south- " 
west of Brisbane, examined by Beazley (1950), yielded only a small amount of 
heavy concentrate, and this can hardly be regarded as representative of the 
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heavy minerals being transported by the river. However, the composition, given 
in Table 12, is of the type that could be expect€d from a mixture of heav~· 
minerals from the :Mesozoic sandstones (Tables 9 and 10) and from the ancle'sitic 
rocks. 

TABLE 12.-HEAVY MINERALS FRmI BRISBANE RIVER. 

Adapted from Beazley (1950). 

Zircon. Rutile. Ilmenite. lIonazite. Magnetite. Sphene. Garnet. Hornblende. 

6.5 5.5 13.7 0.9 25.1 2.7 2.7 35.2 
(24.4) (20.7) (51. 5) (3.4) .. .. .. . . 

Ordovician and Silurian Sediments. 

Little is known of the heavy-mineral snites of tlIP~e rocks, and no samples 
have been obtained from streams flowing over them. Samples of Silurian 
greywackes from south-€ast Queensland, examined by Beazley (1950), contained 
generally less than 0.01 per cent. by weight of heavy minerals. These, in their 
order: of abundance, were zircon, ilmenite, lellcoxene, and tonrnlaline, and their 
grain-size is much smaller .than that of the beach-sand minerals. The Ordovician 
and Silurian sediments drained by the l\iaclt'ay, Nambucca, and Bellingen 
Rivers probably have similar heavy-mineral assemblages, and cannot be expected 
to have contributed much to beach-sand deposits. 

Production has been recorded from the \Voolgoniga area, on a stretch of coast 
formed by lower Palaeozoic sediments: but it is likely that this deposit 
came from' Jurassic sediments of the Clarence Rasin, which rnns north-eastwards 
from its southern extremity, about 9 miles west-south-west of \Voolgoolga, and 
m€ets the coast 9 miles northward from \Voolgooiga. 

Devonia.n and Carboniferous Sediments. 

As far as is known, no work has been done on the h~a"y minerals of these 
rocks. The Deyonian sediment'> are fine-grained, and probably they, like the 
Ordovician and Silurian, have only a yery small heavy-mineral fraction. Besides, 
t.hey occur as plateau areas which have not been greatly eroded. The Devonian 
btrata ('ontain relatively large proportions of basic volcanics and intrusives, 
which llla~' be expected to yield ilmenite apd magnetite. 

The Carboniferous beds are in part made up of coarser sediments, which 
probably l!aYe an appreciable content of heavy minerals. They must have 
derived heavy mineral ... from the Devonian granites and granodiorites similar 
to thor-e which the Clarence sediments derived from the New England area. 
III addition the Devonian ba.-;ic igneous rocks undoubtedly contributed much 
ilmenih', which would be partly altered, in the Carboniferous sediments, to 
leucoxen(' and rutile. The Upper Carboniferous s'ediments obtained heavy 
minerals from erosion of Carboniferous granitic rocks. Probably their mona
zite cOlltt'nt was relatively high, because they contain the same suite of metalli
ferous depusits-tin, tungsten, molybdenulll, and bismuth-as do the Permian 
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granites of the New England area. Beach-sand heavy-mineral deposits are 
known to occur at several localities between the l\{acleay and Manning Rivers 
and 1)1('se \\"(:re probably derived largely from Carboniferous rocks. 

Permian Sediments of Coal Basin. 

Within the coal basin the. Permian sediments are cO\'ered by Triassic 
sandstones, but they crop out in a narrow belt around the basin, except along the 
coa.<;tal stretch from Newcastle to Coal Cliff. They consist of cOIlglomerat~, 
sand .. ·;tonl' and tuffaceom~ sand<;tone, shale, coal seams, mudstone, chert, limestone; 
tl,lff and basalt. Carroll (1940) found that the principal heavy mine~aLr; of some 
sandstones ~md a tillite were zircon, leucoxene, ilmenite, and to'ltrlnaline. Small 
amounts of sphene, rutile, and monazite were present. The average composi
tion, exclnding scarce mineraL'! such as epidote and chlorite, is given in Table 13. 

TABLE 13.-HEAVY MINERALS FROM SOME PERMIAN SANDSTONES AND A 
TILLITE, MAIN COAL BASIN, NEW SOUTH WALES. 

Adapted from Carroll (1940). 

Zircon. Rutile. Ilmenite. ~lonazite. I..eucoxene. Anatase. Sphene. Tourmaline. 

% % .' % % % % % /0 

29.5 2.7 17.6 0.4 29.6 1.1 2.8 16.4 

Culey (1938) found that the Upper Coal :Measures and Upper Marine 
sandstones contained Bn average of about 0.02 per cent. heavy mineralr;. Of 
these zircon was by far the most abundant; anatase contributes more than 10 
per cent., and picotite and tourmaline probably less than -10 per cent: Rutile 
apparently amounted to a few per cent. at the most; ilmenite much le~s than 
1 per cent.; and monazite was apparently about 0.5 per cent. Cnley states'that 
)eucoxene, limonite, and hematite frequently occur, and that thern is \'ery little 
fresh ilmenite. 

'1'he Permian strata that contributed sediments to the coast are ,mainly 
those drained by the Hunter-Goulburn Rivers. As noted before, the Hunter 
and its· tributaries drain large areas of Carboniferous rocks, from which much of 
their sediments must be derived. Black-sand deposits may occnr on the crest 
between the Hunter and the Manning Rivers. Carne (1911) recorded beach-sfind 
accumulations near Seal Rocks. Any that do occur presllmably derived their 
heavy mineral'! from the Permian and Carboniferous sediments brought flown by 
the Hunter River. 

Triassic Sediments of Coal Basin. 

In discussing the sources of the sand along the coast, it was pointed out 
that relatively small quantities of sediment are being eroded from the Triassic 
rocks. These comprise principally the Hawkesbury SailClstone, which covers 
almost ihe entire basin. anll two narrow strips of Narrabeen Sandstone, one at 
tLe south-eastern edge ~f the basin, a~d the other forming the coastal belt from 
Lake Macquarie to Colla roy, about 12 miles south of Broken Bay. David 
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(1950) states that the accessory mineral., of the Hawkesbury Sandstone include 
zircon, rutile, ilmenite, magnetite, and others, but he gives no indication of 
their relative abundance. Culey (1932) found that the Narrabeen beds (prin
cipally sanflstones) contain approximately 0.04 per cent. heavy minerals. Her 
tables 1 and 2 show that they are made up predominantly of zircon, with about 
15 per cent. picotite, 10 per cent. each of tourmaline and ilmenite, about 5 per 
cent. f'Hch of anatase and rutile, less than 5 per cent.. magnetite, and less than 
0.5 per cent. monazite. Leucoxene was present, but its quantity was not 
estimated. Despite the apparent lack of erosion of the Triassic rocks, and the 
low heavy-mineral content of the Narrabeen sedime'nts indicated by Culey's 
work, appreciable deposits of heavy minerals occur on hcaches a little south 
of Swansea. They are richer in monazite and rutile than were the specimens 
examined by Culey, and this suggests that the deficiencies in these minerals, and 
in the tot.al bulk of heavy mincrals, may have been made up from sediments 
derived from the Hawkesbury Sandstone. 

COASTMJ AREA: EFFECTS OF EUSTATIC CHANGES IN SEA LEVEL. 

General . 

.A t various localities around the Australian coast raised littoral and estuarine 
dell0.'lit:, and erosion-surfaces attributed to eustatic changes in sea level occur 
at heights of approximately 100, 50, and 20 feet above sea level. These are 
noted by David (1950, Ch. XIII.) , who gives an cxtensive bibliography. Evi
dence is found also of similar deposits and erosion-surfaces up to about 15 feet 
above sea level. These, however, are within the range of tides an~ of weathering 
related to ground-water, level, ·and it is difficult to prove that they could not 
have heen formed by processes acting during the period of the present sea level. 
I n sheltered localities' on limestone coasts,' solut"ion takes place above the zone 
of permanent saturation and deposition below it, with the result that a:' hard 
and resistant band is developed at mean low-water l'lYel. Along the limestone' 
coast of Western Australia south of latitude 28 0 (Teichert, 1946; Fairbridge, 
1948), hard bands of this type, and other criteria such as emerged shell-beds and 
erosion-surfaces, provide evidence that the sea formerly stood at 10 feet, 5 feet, 
and 2 feet above its present level. It is not unlikely that other raised beaches, 
river,terrRces, and wave-cut platforms around the Australian coast are referable 
to these levels. The raised beaches and other criteria mentioned above provide 
evidence of emergence of the coastline. Other evidence is available of d~p 
wbmergcnre. Boring has revealed valley-in-valley stru·cture below present-day 
valley floors, forests buried beneath estuarine flats and swamps, and sand dunes 
beneath present-day sand spits, all at considerable depths below present sea 
level. 'l'he land-sur'faces which they represent may be correlated with the 
Pleistocene glacial extremes of low sea level. Table 14 summarizE'S the eustatic 
mOVClHf'nts since mid-Pleistocene for which evidence has been obtained in 
A.ustralia. The Pleistocene is based on Table 1 of Browne (1945), and the Recent 
on the observations of Teichert .(1946) and Fairbridge (1948) in Western 
Australia. 
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TABLE l4.-EUSTATIC MOVEMENTS SINCE MID·PLEISTOCENE. 

LeYel of Sea 
\\;th Respect 

1'l'och. Duratioll. European Suh·DivhiioD. Eustatic Movements. to Pre~nt 
Level. 
(ft.). 

* 
Later Recent .. 2,000 years .. .. . . . . Emergence of 2 ft ... 0 

Few centuries· .. .. .. . . Emergence of 3 ft ... + 2 

t t 
Mid-recent .. Few centuries .. .. . . . . Emergence of 5 ft. + 5 
Earlier Recent .. 1,000 years .. .. .. . . Emergence of 10ft. + 10 

Late Pleistocene .. About 23,000 years Wiirm Recess.ion .. Submergence of + 201: 
about 270 ft. 

Wiirm Glacial .. Emergence of about - 250 
295 ft. 

Riss-Wiirm Inter· Submergence of + 45 
glacial 295 ft. (?) 

Riss Glacial .. Emergence of 350 - 250 
ft. (?) (?) 

Middle Pleistocene About 185,000 years Mindel-Riss Inter- Submergence .. + 100 
glacial 

• Gutenberg (1941) has shown that the sea has been rising during the last century, and at present the rate of rise i> 
about 10 em per century. Hence, strictly speaking, the sea is a little higher now than at the end of the 2-foot emergem·e. 
t The beach sand investigatlon indicates an emergence here resulting in a sea level at lea .. t 5 feet below its present leyel. 
Fairbridge (1948) has evidence of a sea level 10 to 20 feet below its present level. : Teichert and Fairhridge have 
evidence of~n emergence resulting in a sea level 30 feet below its present level. The p20 tra.nsgressive dunes·on St,radbroke 
Island suggest an emergence greater than 10 reet and if so, a subsequent submergence must have brought about the 
+ lO-foot sea level. 

Cal"bOnaCemlS Sand-rock, and Heathlands. 

The outcrops of organically-banded sand-rock of North Stradbroke Island, 
occurring at 90 to no feet and 30 to 60 feet, are thought to represent deposits of 
the Middle and Late Pleistocene seas, which stood at +100 feet and +45 feet, 
respectively. On the mainland south of Evans Head at about 50 feet aboye sea 
level, high-level flats, made up of heath and swamp, are possibly to be correlated 
with the +45-foot sea level. 

The heathlands at +10 feet and +5 feet can clearly be correlated wit.h the 
+10-foot and +5-foot seas. Heathlands at +20 feet have not been proYed. 
Some flat areas south of Evans Head have an elevation intermediate between 
that of the +lO-foot heathland and that of the high-level flats which possibly 
correlate with the +45-foot sea. These may be ·contemporaneous with the 
+20-foot sea, but no evidence is available other than their general elevation and 
their occurrence in suitable localities. A relatively flat tree-covered sandy area 
near Broadwater, north of Evans Head, appears to be higher than the +10-foot 
heathlands and lllay have originated at the time of the +20-foot sea. Remnants 
of +20-foot deposits could be expected on North Stradbroke Island. However, it 
appears that the coastlines of the +45-foot and +10-foot seas were substantially 
the same. Hence the remnants of +20-foot deposits would be small, and prob
a bly covered by scree and later dnnes. The lo,,·-l~·ing coastal plain; and the 
parallel dunes adjacent to present-day beaches, some of which Q\'erlie mineral 
deposits that appear to be 1 or 2 feet above present beach seams, "'ere formed 
during and since the time of the +2-foot sea. 
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Transgressive Dunes. 

Each of the five stages seen where the transgressive dunes are best developed 
makes it llecessary to postulate a rather abrupt onset of special conditions: a 
large accession of sand, and probably a great increase in wind-velocity. Both 
these conditions applied during the glacial stages of the Pleistocene. It is con
~idered that the succ{'ssive dunes stages developed during the recessions of the 
sea from the +lOO-foot, +45-foot, +20-foot, +lO-foot, and +5-foot levels. The 
recession from the +2-foot sea level resulted in the formation of the parallel 
dunes. At the start of each recession, large quantities of sand were exposed 
along the shoreline, and parallel dunes were formed. At a later stage, the supply 
of sand diminished, and the building of parallel dunes ceased. The existing 
dunes became dissected by blowouts and converted to transgressive dunes. The 
process 'was probably accelerated by increase in the velocity and persistence of 
on-shore winds as the glaciation progressed and oceanic temperatures decreased. 

The dune-stages may be named post-lOO, post-45, &c., or for brevity plOO, 
p45, to relate each to the recession which accompanied or preceded it. The 
original outlines of the plOO dunes are not preserved. The loose surface sand 
has been removed from their higher part'S and the exposed indurated sand is 
partly dissected, giving them a somewhat rougher ~elief than would be expected 
of dunes. The vegetation on the indurated surface is mainly heath and shrubs. 
The p45 dunes are generally well preserved, and covered wit.h tall timber and 
undergrowth. They are eroded in places by drainage from the plOO surface. 
The p20 dunes are well preserved, and intermediate in mass between the 
earlier and the later stages. 'l'he pIO ~~ld p5 dunes are both distinctly developed 
along parts of the island, but in. other parts only oile dune-stage can be clearly 
seen. The magnitude of the dunes of each stage appears t~ be related to 
that of the recession to which it owes its origin. In the case of the plOD and 
p45 duneR, which are by far the most massive, the recession was of the 
order of 300 feet. 'fhe 100-fo'ot sea level, and probably also the 45-foot sea 
levcl, pcrsistcd 10rig enolign to allow exteusive sedimentation along the coast 
before the recession. 

For the 1>20 dune-stage, the recession was only 10 feet, if the sea receded 
directly from +20 to +10 feet. However, Teichert and Fairbridge, as a result of 
their observations in Western Australia, considered that the sea re~eded from 
+20 fcet to about -30 feet. This 50-foot recession appears to explain better 
the magnitude of the dunes than does a minor recession of 10 feet. 

'fhe recession that resulted in the formation of the plO dunes was from 
+10 to +5 feet. The succeeding recession, which gave rise to the p5 dunes, has 
been regarded as simplY from +5 to +2 feet. But a sea level at least as low 
as -5 feet must be assumed to account for the low-level seams of heavy minerals 
which succeeded the +5-foot seams. Teichert and Fairbridge in Western Aus
tralia found evidence of a comparatively recent sea level of -10 to -20 feet. 
In this report the low-level sea will be referred to as the -5 ( n -foot sea. Bores 
put down during the beach sands investigation did not gct to the bottom of the 
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deposits, but it was thought that they were close to bottom. It can be seen that 
the recession from the +5-foot sea amounted to at least 10 feet, and it began 
with a coastline already silted as a re.<;~llt of the preceding rccession of the sea 
from the +lO-foot lewl. 011 thc other hand, the +10-foot sea must have begun 
with a coastlinc that had little t;cdimellt along it, becausc it was initiated as a 
result of a submergence of 40 feet. A summary of eustatic movements and 
resulting sand deposits along the coast is giyen in 'l'able 15. 

TABLE la.-EUSTATIC MOVEMENTS AND RESULTING SAND DEPOSITS. 

Le"elof 
Chronology Eurol.enn Sea. re-

Epoch. ]~II ... tatic Movement lI.ted to :",an<l Deposih. (Year.). Suhdivi::lion. I1re::.ellt 
Le'·el. 

- ft. 
Later 2,000 (?) .. .. Emergence of 0 Parallel dunes· 

2 ft. 
Recent 2,500 (?) .. · . Submergence of + 2 Deposition in river 

at least 7 ft. valleys, estuar· 
ies and along 
coa,Hine 

.. .. · . Emergence of at Down p5 dunes 
least 10 ft. at 

least 
to 
-5 

Mid-recent 3,000 (?) .. .. Emergence of + 5 plO dunes. De-
5 ft. position along 

coast.line 

Earlier Recent 4,000 (?) .. · . Submergence of + 10 Deposition in 
40 ft. rivers, valleys 

and estuaries 

Late 23,000 Wiirm3 .. Emergence of - 30 p20 dunes 
50 ft. 

Pleistocene " Wiirm 2/3 .. Submergence of + 20 Deposition in 
(Monastcrian a bout 270 ft. rivers, valleys 
II) and estuaries 

72,000 Wiirm 2 .. Emergence of -250 p45 dunes 
Wiirm 1/2 about 295 ft. 

115,000 Wiirm 1 
150,000 Riss-Wiirlll In- Submc"gencc of + 45 Deposition in 

terglacial about 2U,j ft. rivers, valleys, 
(Monasterian estuaries, and 
I) along coastline 

188,000 to Riss Glacial .. Emergence of -250(?) p100 dunes 
23.~,000 31;0 ft. 

Middle Pleistocene 250,000 to Mindel-Riss in- Submergencc .. +100 Deposition in 
425,000 terglacial rivers, valleys, 

(Tyrrhenian) estuaries, and 
along coastline 

• TjIe sea is now rbiug nbout 10 CIll. per ('clItnry (see iuutnutt' TallIe ]4). 

Distribution of Sand, Clarence River to Stradbroke Island. 

The main masses of sand occnr along the southern part of the Queensland 
eoa~t, from Stradbroke Island to Frazer· Island. Their relationship to river
mOllths ~\'hi~h are the immediatc sources of the sediment indicate that the sands 
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up to North Stradbroke Island, and probably most of Moreton Island, came 
from the Clarence Basin. The sand farther n-orth, up to and including Frazer 
Island, came mainly from the Moreton area. It is intended here to discuss the 
distribution of sand along the stretch of coast that has been examined in detail, 
that i'i, from the Clarence River to North Stradbroke Island. In doing so, use 
will be made of the correlation with the Pleistocene and Recent fluctuations in 
sea level given in Table 15. 

The carbonaceous sand on North Stradbroke Island, and the earliest trans
gressive dunes on all tlle largc islands, suggest that these areas had been built 
up to or a little above sea level during the time of the mid-Pleistocene +lOO-foot 
sea level. '],he inter-glacial stage to which that sea level is attributed was of 
long duration, and it is likely that much of the coastline there became silted by 
sediment. I n the ensuing gJacial interval of low sea level most of this poorly 
consolidated and unconsolidated material was washed down the emerged coastal 
strip into the sea. 1 t remained in sittt in relatively small areas that were 
separated by low-lying corridors or sea-lanes from the consolidated mainland 
and so preserved from erosion by its drainage. In these areas the sandy sedi· 
ments comprising high-level water-laid deposits and the later dunes were 
stabilized by a cover of Yf'getation, which protected them f~Olll wind-erosion. 
Little erosion was accompli'lhed by creeks, because the rain-waleI' soaked readily 
into the sand, and moved laterally by percolation. 'rhe 45-foot sea is represented 
by water-laid sands and dunes distributed in very much the same localities as 
those of the earlier 100-foot sea. High-level heathland and swamp-land between 
Evans' Head and the Clarence River may belong to this period. On North 
Stradbrolce Island, the p45 dunes climbed up the slopes -of the old plOO dunes. 
The latter were by now firmly indurated by organic matter and iron oxide 
deposited between the grains, and they had become somewhat impervious. Rain
water tended to collect in creeks, which flowed south-south-easterly in the valleys 
between the long sand-ridges, and caused appreciable erosion of some of the p45 
dunes. 

'fhe +20-foot sea did Hot last long enough to permit heayy sedimentation 
of the coastline, except perhaps for short distances north of the principal 
streams. Stretches of heathland betwel'n the Clarence River and Evans Head, 
near Broadwater north of Evans Head, and a very small area of elevated 
swampland just north of the Richmond River mouth, probably originated 
in this way, but they have not been examined in detail. The remaining stretch 
of mainland coa"t probably con tinned to present the appearance of drowning 
after the submergence of more than 250 feet that culminated in the +20-foot 
sea. On North Stradbroke Island, marine abrasion must have cut a 
platform at the +20-foot level, but this has been largely covered by later 
dunes, and was not recognized dnring the reconnaissance SllrYCYS of the island. 
'l'he p20 dUIll's which followed or accompanied the recession of the sea from 
the +20-foot level are dearly outlined. Blue Lake, t to ! mile inland from 
the Eighteen Mile Swamp, was first formed when the waiers of several creeks 
flowing over the indurated plOD and p45 dunes were dammed back. Remnants 
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of dunes of the same period probably occur also at several localities along 
the mainland coast, e.g. near Cudgen Head, jm;t north of- the Richmond River, 
and within a few miles north and suuth of Evans -Head. 

The +20-foot sea is thought to haye been succeeded by an emergence 
of 50 feet, and then a submergence of 40 feet, resulting in the +1O-foot 
sea. The +lO-foot heathlands are not extensiye, except near the muuths of 
the Clarenee and Richmond Rivers, and the~- ha\-e not heen found north of 
Norries Head. 'fheir distribution apparently gives a picture of the cxtf'nt of 
the sedimentation of the coast at that time, by northward dr'ift of sand. On 
North Stradbroke [sland, pl0 dunes can be recognized, but thf',Y aloe not well 
developed! in part because of the minor amount of sedimentation during t.he 
interval of thc + 10-foot !wa, and in part because of the small emcrgenre that 
succeeded ito 

The +5-foot heathlands havc been oh.;erved at several localiti('s flOOllt 
IJennox Head to North Labrador i$ miles north of SOllthpol"t, aIHl pfi 
transgressive dunps are well dcvelopNl on :North Stradl~rok(~ Islando Tlw 
occ-urrence of the heathlands a cOllsidprable (listance farthrr 11010

\ h than the 
earlier ones at +10-feet point,; to more general sedinH'ntation alollg tlH~ coa:-;tlilll', 
which is what would be expect.ed if the +5-foot sea directly succeed cd thl~ 

+10-foot sea. The p5 transgressive dunes are more extensiw tlllln mO(, tlw 
pl0 dunes; this is due firstly to the more advanced sedimentation of the +5-foot 
coastline, and secondly to the larger emergence which ~llcccl'c1ed it. 

The dune-belts adjal:ent to the present beaches, whil"h might he tel"JlJ('.1 
the p2 dunes, have developed along the entire length of the coast, ilHlieating 
the presence of a corresponding fringe of sediment in the littm'al 7.011(' befol'e 
th(' +2-foot sea recededo The formation of this floingoe of serliment in(li('ates 
that the earlier -5( O-foot sea was of short duration, and little of the s('(lilll('nt 
along the coast and in the' river valleys, deposited timing the tilllf' of til\' 
+5-foot sea, had been w~shed dowll illto it. 

The preceding paragraphs havE' outlined the history of the d('wloPllll'lIt 
of the sand deposits along the coast. An important fador whieh has hl'f'1l 
omitted is the erosion of the deposits that hegins soon aft('r till' PlI1prg(,lwe that 
elevates them above sea level. Any :-;eries of dllTIl~, and clllerg('\l littoral and 
estuarine deposits, may be referrt'(l to a particular s('a-II'YeI, that 
which prevailed before the emergence; and the erosion referred to hel'l' is tIl\' 
marine erosion that takes place at till-' stable >lea I ('vl'l lifter tlw PIII('rgl'IICeo 
Thus, thr p2 uunes, paradoxically, are' not at all w('11 rl'prt!sl'ntl'(l for It 

consideloable distallce northwards from the moutlis of the Clart'nce and 
Hichmond Riverso whidl were the sources of their sand. ,Milch of thi~ coast-liBe 
consists of low cliffs of indurated Rand, cut illto lleathlands of the + 1O-foot 
level. Along other portions of it, swamp~ extt'TIll practieally to the sca, and 
aloe separatNl from it only by a low foredune 20 feet or less in widt.h, formpd 
from sand blown up from the pre<;;ent-day brach, and advancing just alwad of 
the landward-advancing shore-lint>. It can bt> taken for granted that parallel 
dunes devf'lopr<1 along' this entire stretch of coast during the final 2-foot 
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emergence, but they ha,'e since been removed by erosion. The quantity of sand 
brought down b~' the rivers is insufficient to replace what is being lost by 
northward migration. Conversely, the migrating sand is preventing much 
erosion of the coastr.l dunes fart"h('r north. The effects of the erosion are 
obvious as far north as PottS" Point; and they are more obvious on long beaches 
that terminate at. riwr mouths than on short ones enclosed betwe('ll prominent' 
headlands. 

The sand deposits of the +5-foot sea have been recognized between Lennox 
Head and North I.Jabrador. They may occllr farther south towards the 
Ciarencc River, but are not conspicuons, and presumably have been removed, 
in part at least, by ero-.;ion during the int('rntl of the +2-foot sea. 

The sand between thc Clarence River and Nort.h Stradbrokr Island has 
J'csnlted from the abunllant qualltiti('s suddcnly made available during several 
epochs of emergence, sfparate by intfl'Yals of stability ilfter snbnlfrgence, during 
which rellf\ved supplies accumulated in river vaIleys and estnaries, and along 
the coast. Its di:stl'ibution has resulted from northward transport along the 
coast, and from retention by headlands of consolidated rock, and by outlying 
areas of consolidated rock separated by low-lying corridors from erosion by 
the mainland drainage. The formation and distribution of the sand deposits 
are summarized in Table 16. 

MINERAL DEPOSITS. 
OCCURRENCE. 

Heavy-mineral deposits occur on present-day beaches, and OIl former beaches 
that occur beneath parallel dunes and in emerged heathlands. Deposits below 
present sea level are found at the seaward edge of s()me of the +5-foot heath
lands. On North Stradbroke Island, heavy minerals from earlier beaches have 
been blown up into large low-~rade deposits in some of the later transgressive 
dunes. 

Heavy minerals are deposited by the surf on the upper part of a beach 
during stormy weather, and form a "scanl" which may extend unbroken along 
the beach for the greater part of it'> length. It is pale grey to dark grey 
oJ' black in colour, according to the relative amounts of zircon, rutile, and 
ilmenite, which form white, brownish-black, and black sands, respectively. The 
width of a seam commonly ranges from ao to 50 feet. rn cros'>-section, it appears 
wedge-shaped, tapering off gradually down the beach, and dipping bodily in 
the same direction at an angle of a few degrees. The thickest deposits occur 
on beaches that terminate northwards at a headland or other natural barrier. 
Such deposits may be five feet thick Ileal' the headland, and taper off gradually 
towards the south. In calm weather, the upper part of the beach seam is 
soon coyered by \"hite quartz sall(l blown np froIIJ the beach. 'rhe part \':ithin 
the tidal range, unless COYered by the same white sand, is gradually washed 
down seawards. 
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TABLE 16.-SAND DEPOSITS BETWEEN CLARENCE RIVER AND NORTH l:i'I'RAJ)IHWK~ ISLAND, (;URRULATED WITH EUSTA'I'W 
MOVEME~TS. 

}:n~tntlt: :\ro\'cmcllt. J.,('\"('1 of Sen. Helnled tn lJresent :"and ht'lKJ:--it'i. Hcmurk ... Hea-J.evcl. 

'Contemporaneous rise in sea level 0 Parallcl dunes being convcrted to The sea· level has been riRing during the last 
transgrpssi\"c . dnnPR notably on ccntnry, and thc present, rate is about 
St.rndbroke fRlnncl lO CIl!. per c<'ntllry. Ero!-tinn of Rand 

,lpposit.._ is hcing ncceleratc,J. South and 
North Strndhrokc IRlnnll~ "<'parnte,1 fiO 
ycnrs IIgo 

Emergence of 2 feet .. .. Slightly below present sea-Icvel Parallel IiUtll':-4 alll1 otiler' hettch Pn I"n lit' I dUlle.'i formed floll!. emerged Hand 
dunes (p2 (hllle~). ":mcrgp,1 along centre (:oast. Kca. ~1'(JHion ur dune.'i 

- "and-tlats fl'Olll pOl·tions of the COl1nllCnCCS a.t Houthel'll cnd of eoastal 
low.lying coastal pill in strewh, viz. neM Clarenc" River mouth. 

North Stmdbroke fsland tied to mainlan,l 

Submergence of at least 7 feet .. + 2' Deposition of estuarine flats &c. .Minor drowning of coast, h1lt during period 
which now form portions of the of +2-foot sea it becamE; sedimenwd along 
low-lying coastal plain entire length. Erosion of sand depo"its 

laid down by the +5-foot sea 

Emergence of at least 10 feet .. - 5' or lower p5 dunes on North Stradbroke Erosion of sand deposits iaid down hy the 
·Island. Probably also remnants . -f-!i-foot sea 
of dunes at Cudgen Head, Norries 
Head, Tallow Beach and RaHill!' 

Emergence of 5 feet .. .. + 5' Deposition of littoral and estuarine During the interval of the t5-foot sea, Rand 
sands which now form the +5- migrated as far as North Labrador 
foot heathlands between Lennox 
Head and North Labrador ... 

Falling sea-level .. .. plO dunes on North Stradbroke Dunes small because of lack of sediment and 
Island smaH magnitude of emergence 

Submergence of 40 feet .. + 10' Deposition of litterol and estuarine 
sands which now form the +10-

Sand brought down by Clarence and 
Richmond River had migrated northward 

foot heathlands north and south apparently as far as Non'ics Head 
of Evans Head, and at Norries 
Head 

Emergence ~f fiO feet .. .. - 30' p20 dunes on North Stradbroke Comparatively large dunes on Stradbroke 
Island. Probably dune remnants Island built from emerged sea-floor sand 
at Ballina, near Broadwater, and derived from erosion of earlier dunes, 
south of Evans Head probably no appreciable dunes on 

land, except near rivcr mouths 
main-

Submergence of about 270·feet .. + 20' Deposition of littoral and estuarine Deeply-drowned coast; sedimented \~p to 
sands which now appear as heath- sea-level only near mouths of rIvers. 
lands near Broadwater, and (1) Erosion of transgressive dunes on North 
south of Evans Rend Stradbroke Island nnd dcposition on sea 

floor to form 
shallow depth 

sloping sandy shelf at 

Emergence of about 295 feet " - 250' pt5 dunes on North Stradbroke Probably massive parallel dunes were built 
Island all along the coast, and later converted 

. to transgressive dunes . They persist only 
,vhere separated from t.he mainland 
drainage l>y a low-lying corridor 

Submergence of aoout 295 feet .. + 45' Organically-bonded- sand at about During long periods of stable sea level, sea 
30 to 60 feet on North Stradbroke became shallowed by sediment for' con· 
Island siderable distance from shore. Erosion 

of plOO dunes on Nortb Stradbroke 
Island, &c. forms shallow sandy shelf 

Emergence of 350 feet . .. -;- 250' plOO dunes, rising to 800 feet on Probably massive parallel dunes were built 
North Stradbroke Island all along the coast, and later converted to 

transgressive dunes. Thpy persist only 
where separated from the mainland 

. drainage by a low-lying corridor 

Submergence .. .. + 100' Carbonaceous sand at about 90 to During long periods of stable sea· level, sea 
110 feet on North. Stradbroke became shallowed by sediment for con-
Island siderable distanc(' from shore. Sand bars 

and spits at islands, e.g. near Dunwich 
and Point Lookout 

- -
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The richest and largest beach seams occur between -Southport and Tallow 
Beach, south of Cape Byron. Their constituent mineral,>, in order of abundance, 
are zircon, futile, ilmenite, and minor quantities of several others, includin~ 
monazite. Seams similar in composition, but smaller in their dimensions, occur 
between Southport and Point Lookout on North Stradbroke Island, between 
Tallow Beach and the mouth of tl1(' Clarence Hiver, on beaches between the 
Macleay and Manning Rivers, and between Swansea and· rruggerah IJake. 
Connah (1948) recorded beach seams during a reconnaissance survey from 
Stradbroke Island to the north end of Frazer Island. Their most abundant 
mineral is ilmenite. 

The deposits beneath the parallel dunes consist of two or more parallel 
seams similar in shape and attitude to the beach seams. 'Where several parallel 
seams are present, they appear in cross-section to be louvred or arranged 
en echelon. All dip towards the beach, and the upper part of a later seam 
overlaps the lower part of the preceding seam, from which it is 11sually 
separated by a layer of white sand. 

The deposits beneath parallel dunes are best developed near Cudgen Beac1i, 
on North Stradbroke Island, from Broadbeach to North Burleigh, near Tallow 
Beach, and near Norries Head. These areas have contained the largest reserves 
of heavy minerals. Similar deposits may occur between Perpendicular Point 
and Diamond Head, north of the Manning River. Theil' extent is not known, 
hut they are probably much smaller than those farther north. Irrespective of 
whether parallel dunes appear within an area, deposits generally occur benrath 
the foredune. From Hastings Point to two miles or so past Brunswick Heads, 
and along the northern part of Seven Mile Beach, they contain a large 
proportion of the reserves. 

The heathland areas represent littoral zones, estuarine flats, and coastal 
dunes, similar to those of the present-day coast,. although variously modified by 
erosion and redistribntion of sand. The surface elevations commonly range from 
5 to 20 feet above the former iligh-\"ater leYe!; that is from 10 to 25. feet 
above present high water. A heathland deposit gellerall,r ·occurs beneath a low 
arcuate sand ridge, or adjacent to it Oil the seaward side. It represents a 
foredune that formed at the same time as the heavy minerals were deposited. 
The sand that covers the deposits is loose from the sn.rf!lce to a depth of se\'eral 
feet, below which the sand and the deposits are usnall~' cPllIrntrd and indl1l'atp(l 
by organic matter and perhaps .iron. oxide, deposited b('twePIl their grains. 

A well-preserved heathlaml depo.'lit of the + lO-foot :o<NI oeelll'S .at Macaulay's 
Lead, north of the Clarence River, and a remnant fJf one has bren intrrsected in 
a bore near Norries Head. Deposit& near Broadwlitpl', north of EYans Hf'a<1, al'e 
probably of the same type. Deposits in the +5.-foot heath lands are known at 
North Burleigh and near Seven Mile Beach. 

Low-level drposits of the -5 ( ?) -foot sea· have been fonnd adja('ent to the. 
+5-foot hrathland on· its seaward lrdge at North Burleigh a 11(1 at T~gui1. 
Others probahly oeeur at Norries Head, Tallow Bea~h, and North Stra(lIlJ'oke 
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Island. The -5 ( ?) -foot deposits hav{) been intersected by, bores, but being 
well below ground-water level, they have not bpen observed in any excavations. 
In their lower parts, they are indurated and hard, and, in places, contain beds 
of ppbbles and boulders. They could not be completely penetrated by the 
hand-boring equipment that was used, and although it is thought that the borrs 
,vent close to the bottoms of the deposits, this is not eertain. 

Dune concentrations possibly of economic grade occur, as far as is known, 
only on North Stradbroke Island within transgressive dunes of the last three 
stages-the p20, plO, and p5 dunes-from 3 miles to 13 miles south of Point 
Lookout. These dnnes generally contain ,about 2.5 ± 0.5 per cent. by volume 
of heavy minerals, and in places up 'to about 4 per cent. The }145 uunes 

, commonly have 1 per cent. :t~ 0.5 per ~ent., and' in places 2 per cent. or a little \ 
better. In the p100 dunes, many bores yield only traces of heavy minerals, and 
most of them yield less than 0.5 per cent. Samples obtained from scout bores PHt 
down by Zinc Corporation (Donaldson & Stuart, 1948) on Moreton and Curtiss 
Islands yieldeJ, with few exceptions, less than 1 per cent. heavy mineral. No 
information is available on any possible deposits in the dunes of Frazer Island. 
A few samples examined by the Bureau of Mineral Resources contained very little 
heavy mineral. . 

ORIGIN OF DEPOSITS. 

Beach Seams. 

In stormy weather the turbulence of the ocean water from the shoreline 
to the zone of the breakers brings into suspension large quantitie.'l of ,;;and, which 
is gradually worked shoreward and carried up the beach by the surf. The 
ebb-flow from the surf and the gpneral return of water from the breaking 
storm-waves gathers into channels about 50 feet wide, which flow seaward 
at a considerable speed. The longshore currents caused by the south-easterly 
gales deflect them to the north at an acute angle to the beach. These currents 
are well known to surfers, and they have been described by Shephard et al. 
(1941) under the name of "rip currents". Fine sediment is carried outwards 
by them, and probabiy large volumes of sand are worked seaward and north
ward in the shifting channels which they cut in the sandy bottom. In storm 
periods the pbb-flow and rip currents assisted by gravitation on the sloping 
beach have more th!ln sufficipnt energy to return the quartz sand that was 
carried up by the slUf. Hencr, excess sand is' returned seaward and the beach 
slope reduced until the quantity (j)f sand being returned is equal to that being 
carried up the beach. The energy of the returning water is not sufficient to 
carry back the hpavy minerals, and they are deposited near the top of the 
beach. During calm weather, the movement of quartz-sand is reversed. 
The turbulence within the breaker-zone is sufficient to bring quartz-sand into 
suspension and it is carried on to the beach. Some is blown by the wind to the 
upper part of t11e beach, steepening its gradient, and at the same time, covering' 
the heavy-mineral seam. 
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. The development of parallel seams covered by parallel dunes may be 
expected where the littoral zone is being shallowed by sedimentation or by 
emergence. In fine weather the wind-blown sand gradually builds out a 
platform or "berm" from the foot of the foredune. Its surface is commonly 
6 to 8 feet above high-water level, and in a long period of favorable weather it 
may become half a chain wide. Assuming excess quantities of sand in the 
littoral zone, the beach may not be eroded back to the foredune. A seam of heavy 
minerals may be deposited somewhat seaward of the preceding seam, and a 
new foredune starts to build at the geaward edge of the berm. Repetition of 
this process at Cudgen Beach has r~sulted in the formation of at least 15 
parallel dunes and a. greater number of parallel seams beneath them. 

The seams. of heavy minerals in the heath lands originated in the same way 
as those on present-day beaches. In some of them, the heavy minerals differ 
in being much finer-grained. Thcy were apparently deposited in deeply 
embayed parts of the coast, where shallowing by sedimentation or emergence 
forced the waves to break far -from the shore, and so dissipate much of their 
energy before they reached the beach. In this environment only fine-graincd 
heavy minerals could be transported, and the larger quartz grains tended to be 
deposited with them, resulting in less highly concentrated seams than on 
more open beaches. 

Deposits i'n Transgressive Dunes. 

The formation of deposits in transgressive dunes must depend upon earlier 
concentration of the heavy minerals in beach seams. Presumably these were 
covered by parallel dunes, which were later dissected by blowouts, and carried 
up by the wind, together with the underlying seams, into transgressive dunes. 
Stradbroke Island, which contains the only known deposits of this typE', is 
distinguished from the other islands in that much of its sand was derived from 
the Clarence Basin. There, as has already been noted (Beazley, 1950), the 
stream sands and sandstones contain far greater proportions of heavy minerals 
than the other areas examined, and they.have yielded heavy-mineral deposits 
along the coast from the Clarence River to the north end of Stradbroke 
Island. Point Lookout has been an effective barrier to further migration of 
heavy minerals, and the deposits on Moreton Island are relatively small even 
though it received large volumes of quartz sand. On Stradbroke Island, the 
heavy-mineral content increases progressively from the older to the younger 
dunes. The work done by Zinc Corporation indicates that the deposits OCCllr 
almost entirely within the younger dunes that flank the massive and steeply-rising 
areas of older dunes. This high part of the island. is trayersecl by cl'reks, flowing 
south-south-east, which have been continually carrying sand and minor amounts 
of 'hravy minerals to the ocean beach. As a result, some of the quartz sand 
has been constantly removed by drifting beyond the island, and heavy minerals 
have been concentrated along the beach. 

During periods of submergence the elimination of quartz sand and 
concentration of heavy minrrals was accrlerated through sea~rrosion of dune~. / 
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MINERALOGICAL COMPOSITION. 

The beach sand deposits consist of heavy minerals mixed 'with quartz sand 
in proportions ranging from a few per cent. to more than 90 per cent. by 
weight. Table 17, which is based on Table III. of Gardner (1951), give 
the compositions of the heavy minerals along the coast after separation from 
the quartz sand. The accuracy of the figures gh'en for an area depends in 
general on the amount of sampling that was done. Those for the localities 
between the Clarence River and Southport, and for the beach south of 
Grants Head, and those near Swansea, are based mainly on the results of 
detailed boring by the Bureau of Mineral Resources, and on production records. 
The figures for Stradbroke Island, and for the deposits from Moreton Island 
to Frazer Island, are based on the results of less-detailed sampling during 
investigations by the Queensland Geological Survey (Connah, 1948; Morton, 
1948) and by Zinc Corporation (Donaldson and Stuart, 1948). '1'he 
compositions given for other localities are those of random samples which may 
not be accurately representative of deposits. 

The estimates of composition given in the past by different investigators 
for concentrates from the same area may differ for three reasons. ji-'irst, the 
zircoll-content of a seam is highest where the natural concentration has been 
most effective. 'l'his is probably the reason why some of the compositions of 
Beazley (1950), given in Table 17, show more zircon than those estimated by 
the Bureau of Mineral Resources. Secondly, some rutile grains cannot be 
distinguished under the microscope from ilmenite grains, which they clo.~ely 

resemble in colour and lustre. Reliable estimates of the two minerals can be 
made only after magnetic separation of the ilmenite. Through failure to do 
this many analyses made by grain-counting in earlier years have over-estimated 
ilmenite and under-estimated rutile. Thirdly, the deposits on the ocean beaches 
are generally higher in zircon than those beneath the adjacent dunes, and 
depletion of the beach deposits by mining results in a reduction in the ayerage 
zircon content of the area. The compositions of sub-dune and inland deposits 
are disew,,<'d in the section on the distribution of the heavy minerals (p. 52ft). 

TABLE l7.-AVERAGE COMPOSITIONS OF HEAVY-MINERAL CONCENTRATES IN 
BEACH DEPOSITS. 

J..ocality. 

Narooma (1 sample) . . " . . . . . . 
Sho:llhaven River mouth, 1 mile north of (1 sample) 

SheIIharbour (2 samples) . . . . { 

Port Kembla (average of 10 samples) 

Composition range of 8 samples 

Bellambi Beach .. .. 
Terrigal (average of 7 samples) " 
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Zircon. 

% 
12 
22 
26 
45 
38 

Rutile. Ilmenite. :Monazite. 

% % 
7 80 

18 59 
45 28 
38 17 
29 17 

% 
0.16 
0.8 
0.3 
0.7 
0.2 

(contains also 16% magnetite). 
31-41; I 20-30 I 15-22 I 0-0.3 

38 
38 

(magnetite 13-17) 
37 I 24 
38 21 

0.7 
2.5 

.. 
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'TABLE 17 .-AVERAGE COMPOSITIONS OF HEAVY -MINERAL CONCENTRATES IN BEACH DEPOSITs-continued. 

Localitr· 

Swansea area-
Caves Beach. . . . . . . . . . 
Catherine Hill Bay . . . . . . . . 

Laurieton area (Fisher, 1953), Grants Head to 1,400ft. 
south .. " .. .. ., 

Woolgoolga .. .. " .. ., 
Wooli, 8 miles north of (average of 3 samples) .. 
'X' amba, average of 4 reported compositions .. 

Main surf beach (1 sample) .. .. .. 
Woody Head, 2 t{) 5 miles north of . . . . 
Evans Head. 1 to 2 miles north of . . . . 
Ballina; beach top, just south of Richmond River 

(Beazley, 1950) . . . . . . . . 
Seven Mile Beach (Schnapper Rocks to-Lennox Head) 
Tallow Beach (Cape Byron to mouth of Tallow Creek) 
Brunswick Heads to Cape Byron ~. . . . 
Potts PJint to Brunswick Heads-

NlW Brighton Beach.. .. . . .. 
Crabbes Creek Beach . . . . . . . . 
Mooball Beach . . . . . . . . 

Cudgera' Beach (Hastings Point to Potts Point) .. 
Norries Head to Hastings Point . . . . 
Cudgen Beach (Cudgen Head to Norries Head) .. 

Beach top, 3 miles south of Cudgen Head* .. 
Fingal Point to Cudgen Head . . . . . . 
Tweed Heads to Fingal Point . . . . . . 
Tugun Beach .. . . . . . . . . 

Beach top, 4 chains north of surf pavilion* .. 
Flat Rock Creek (Currumbin) . . . . . . 
Palm Beach .. .. " .. .. 
Burleigh, beach and foredune, from South Nobby to 

1,700 ft. south .. .. .. .. 
North Burleigh (Broadbeach to South Nobby) .. 
Broadbeach§ .. . . . . . . • • 
Southport. the Spit . . . . . . . . 

Two miles south of Nerang River mouth* .. 
South Stradbroke Islandt . . .. . . 

Average of 4.samples* . . . . ., 
North Stradbroke Islandt . . .. .. 

A verage of 4 samples* . . . . . . 
Moreton Island . . . . . . . . 

,Bribie Island (average of 4 samples) . . . . 
Three miles south of north end* .. . . 

Caloundra t . . . . . . . . .. .. 
Maroochydore (average of 2 samples) . . ., 
Noosat .. " .. .. ., 
Frazer Islandt .. . . . . .. . . 
Burnett Heads:j: . . . . . . . . 
Bustard Head (I sample) " .. . . 
Facing Island:j:. . . . . . . . . . 
Mackay (Blacks Beach) (1 sample) .. . . 

Carinon Vale Beach (average of 2 sa:mples\ 

Johnstone River about 50 miles south of Cairns:j: 

Thursday Island, near Cape York (average of 3 
samples) .. ". .. .. ., 

Zircon. 

% 

33 
50 

40 
34 
63 
65 
58 
48 
44 

55 
53 
03 
54 

47 
39 
41 
48 
51 
51 
56 
46 
49 
42 
49 . 

,.40 
41 

Rutile. 

% 
44 
42 

39 
41 
27 
24 
29 
31 
30 

24 
28 
28 
27 

34 
39 
37 
32 
29 
28 
22 
32 
29 
32 
27 
37 
36 

Ilmenite. 

% 

22 
6 

20 
24 
10 
11 
13 
21 
25 

21 
18 
18 
18 

19 
22 
21 
19 
19 
21 
22 
21 
22 
25 
23 . 
23 
23 

Monazite. 

% 

2 
1 

1.4 
1.0 
0.3 

N.D. 
0.3 
0.8 
1.0 

0.7 
0.8 
0.6 
0.7 

0.5 
0.5 
0.5 
0.7 
0.8 
0.5 
0.6 
0.7 
0.6 
0.5 
0.8 
0.5 
0.5 

47 31 21 1.1 
41 36 23 0.7 
38 36 25 0.5 
38 37 24 0.6 
43 29 28 0.8 
34 35 30 0.5 
34 34 . 32 0.4 
31 37 31 0.2 
32 35 33 0.4 
23 18 58 0.9 
22 18 58 1.1 
23 20 57 0.5 
21 18 59 2.0 . 
35 16 49 0.3 
20 17 63 0.9 
25 17 57 0.6 

3 2 94 ? 
34 4 61 N.D. 

7 9 80 ? 
9 2 88 0.4 

(the ilmenite contains a " high proportion" 
of magnetite) . , 

trace I . . I 62 I ? 
(also magnetite 28 and hyperstheue 10) 

1.4 I 1.8 I 84 I 1.2 
(also tantalite O.!lj 

4 I 0.1 I 95. -\ ? 

• Benzley, 1950. t Connah, 1948: Morton. 1948. N.D.-Not determmed . ; ])onnldson and Stuart, 1948. 
§ May he modift.d t .. c.~u"" of mining, se. Tnllie 21. 
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Between the Clar('nc(' Riwr and North Stradbroke Island., the heavy 
minerals consist essentially of zircon, rutile, ilmenite, and a very small 
proportion of monazite. Others occurring in .',maller amounts are described 
below, and listed in Table 19. ' Zircon is by far the most abundant mineral 1lI 

the concentrates in at least the southern half of this stretch of coast. 

On North Stradbroke Island, ilmenite is the dominant mineral except in the 
deposits on the present ocean beach, where it ranks equally in amount with both 
zircon and rutile. Typical compositions are given in Table 18. 

TABLE IS.-THEND OF CHANGE IN COMPOSITION OF HEAVY CONCENTRATES 
FHOM BEACHF.S BETWEEN THE CLARENCE HlYEI{ AND NORTH STRAJ)BROK'E 
ISLAND. 

Heavy Mineral ... , in W('i),!ht Per Cent. 

Locality, 
Zircon. Rutile. Ilm('uitc. Monazite, 

Between Clarence River and Cudgen Beach .~2 ± I 28 I!l ± 1 0.6 ± 0.1 
Cudgen Head to North Burleigh .. .. 44 ± 3 34 ± 2 23 ± 2 0.8 ± 0.3 
Broadbeach to North Stradbroke Island 

Beach . . .. .. " 35 ± 3 36 ± 1 28 ± 3 0.6 ± 0.2 

Ot11('r min('rals which occur in small amounts haye be('n disregal'df'Cl jn 
statements of composition. 'With the exceptions of minor ainounts of tin and 
garu('t, tlwy hayp 110 commercial value, and most of them are sufficiently low 
in specific g'ravity to be lal'g'el~' eliminated in the tailings when the sands are 
being tabled or oth('rwi~;p concpntrated. Thesp rarer minerals in the Cudgen 
area we're ohtained by careful panlling' of a large middling cut taken during 
tabling. They arp shown ill Tahle 19. 

TABLE 'I!l.-RAHEH HEAVY MINERALS IN BEACH SANDS IN THE CUDGEN AREA. 

~[ineral. ''{eight Pf'r Cent. Mineral. Weight Per Cent. 

Tourmaline " .. .. 1.6 Rtaurolite .. .. . . Less than 0.05 
Garnet . . .. . . 1.3 Andalusite .. . . . . Less than 0.05 
Chromite " .. .. 0.6 Rrn,wn Spinel . . .. Less than 0.02 
Leucoxene " .. .. 0.4 Corundum . . .. .. I.ess than 0.02 
Cassiterite .. .. .. 0.1 Hypersthene . . .. I.ess than 0.01 
Epidote " .. .. Less than O. I Pleonaste .. .. .. Less than 0.01 
GrN'n Spinel .. .. Less than O. I 

The lwach-sand dt>posits are relativply high III grade, containing at least 
10 per cellt. by weight of heavy minerHls. Those in the transgressive dnnes are 
lower in g'radl', averaging about 2 per cpnt. by volume or a little more than 
3 per cent. by weight. The average co-mpo.,>ition of the heavy-mineral 
concentrate in both these types of deposits aftl'r separating them from the 
admixed quartz saml is given in Tahle 20. 

46 

,. 

I" 
to 

• 

", 



J 

" 

• 

TABLE 20.-0VERALL AVERAGE COMPOSITION OF HEAVY MINERALS IN DEPOSITS 
BETWEEN THE CLARENCE RIVER AND NORTH STRADBROKE ISLAND (IN 
WEIGHT PER CENT.). 

Locality. Zircon. Rutile. Ilmenite. Monazite. 

Clarence River to North Stradbroke Island, excluding 
minerals in transgressive dunes .. .. 40.6 31.6 2i.3 0.5 

Deposits in transgressive dunes on North Stradbroke 
Island (from Donaldson and Stuart, 1948) .. 28 27 44 0.3 

The compositions of the deposits along other parts of the coast are not 
known in such detail. Minor concentrations in the south coast of New South 
Wales near Bulli and Shellharbonr, and deposit'! near Swansea Ilnd at Grants 
Head on the north coast, are similar in composition to those already discus.<ieu. 
The predominant minerals are zircon and rutile. This applies also to deposits 
worked in former years near Woolgoolga, Wooli, and Yamba. Ilmenite is the 
dominant constituent north of Stradbroke Island, and probably in the minor 
concentrations on the south coast of New South Wales south of Shellharbour. 
The average ~ompositions from Moreton L'!land to !<'razer Island are-

. , . 
Zircon. Rutile. Ilmenite. Monazite. 

% % % % 
20± 2 18 ± 1 60 ± 3 0.9 to 2.0 

North of Frazer Island, the ilmenite continues to increase, and is 
accompanied by an appreciable proportion of magnetite. Monazite continues to 
appear in the concentrates, in greater amount than in the deposits south of 
Moreton Island. Monazite occurs in more than average proportions in the 
deposits between Swansea and W oolgoolga. 

'rhe beach sand minerals have been de.scribed by Whitworth (1931) and 
Beazley (1950). Only brief general notes 011 the principal ones are given here. 
The graine are nearly all rounded, the degree of rounding increa.,ing progre::;
sively from ilmenite, to rutile, to zircon, to monazite. In average size, the zircon 
and rutile are approximately equal, their median diameters ranging from 
0.112 mIll. to 0.114 mm. Ilmenite is slightly larger, its median diameter ra.nging 
from 0.116 to 0.118 mm., and monazite is notably smaller, having an average 
diameter of about 0.086 mm. 

The zircon grains are generally clear and colourless and readily recognized 
because or their high refractive index. Rutile grains range in colour through 
reddish-brown to black, and in lu.stre from vitreous almost to metallic. The 
ilmenite is greyish-black in reflected light and it., lustre approaches metallic. 
Occasional grains are pitted or show partial alteration to leucoxene. The mona
zite grains are small and well rounded. Many of them are pear-shaped; others' 

47 



are curved inwards along oue side, suggesting a bean shape. Their colour is 
pale honey-yellow arid their lustre resInous; ilithough somewhat masked by a 
finely pitted or "fro'lted" surface. 

Some zircon grains contain dark inclusions. They are feebly magnetic and 
are removed during magnetic cleaning of the zircon concentrate. A small 
proportion of the ruiile grains are slightly ferriferous and presumably these 
are also eliminated during magnetic cleaning of the rutile product. Stillwell 
(1949) attributed the dark colour of non-magnetic rutile gi'ains, described as 
black, to a strong trace of chromium which 'was revealed in a spectroscopic 
examination of the sample. After separation.the zircon (ZrSi04 ) and the rutile 
(Ti02 ) are .virtually free from. impu~i.ties and are marketed as 4igh-grade pro
ducts. The ilmenite (FeTi03 ) contains a sma}l proportion of chromite which 
occurs as discrete particles within it (Stillwell,,1949,;Stinwell and Baker, 1948). 
This renders it unsuitable, at present, for paint manufac,t~re, an.Q. ,little of. i.t has 
yet been marketed .. However, a fraction relatiyely ~ow in chromite can be 
separated from it. This will possibly enable: uti!izl!-tion of some at least of the 
ilmenite on and north of Stradbroke Islanq,,:which)s.:init~ally l.ower in chromite 
than that in the deposits farther south. Partial. assays of samples of ,ilmenite 
concentrates are given in 'fable 21.; .' . , 
TABLE 21.-PARTIAL ANALYSIS OF SOME EAST COAST ILMENITE CONCENTRATES. 

I.ocality. 

Norries Head* . " 
Tugunt. . . . I):.: 
North Burleight . . . . 
North Stradbroke Island, beach and 'dune sa'nas·' .. 
Moreton Islandt : . . : 
Maroo«hyd9,ret 
Noosa Headst 
Inskip Pointt '. . '. . . r: ... 
Bundabergt ... 
Facing Islandt 
Curtis Islandt 
Thursday Island· 

TiO, . 
(Per cent.). 

45.80 

50.50 
49.68 

50.!> 
52.6 
51.55 
4'2.17 
52.55 
56.2 

Iron Oxide a. Feo.1 
(Per cent.). 

Cr,O, 
(Per cent.). 

35.98 4.83 
.. 5.0 

5.2 
41.69 1.37 

. 1.35 
? 0.6 
? . 0.35 
? 0.9 

. ,?; Less than 0.01 
? 0.12 . 

.' ? 0~08 
0.30 

; 

• C .S.I.R.O., 1948. t Queensland iIlines Department.. t Donaldson and Stuart, 1948. 

Fractio.ns· of differing cliromite-content ha,:'e ,~!f~~' sep~rated magn~tically 
from ·th'c coneelltrates given ill Table 21 for Norries Head and Stradbroke 
J slan·d. ' 'l'heir Cr203 'contents are .given· In' ,th~ .~~il~wing table (C.S.I.R.o.., 
1948) :-

; Wei~ht Per' Cent: of 
, 

Cr:aOJ' ' 
Original Concentrate. , (Per ~ent.). 

Product .. 

Norries Stradbroke Norrles 1 Stradbroke 
Head. Island. Heart. Island . 

Concentrate 1 (most highly magnetic) .... ., 5.7 8.5 ,1. 75 . , 0.45 
Concentrate 2 .. .. . , · . .. 13.3 7.1 0.65 0.3 
Concentrate 3 .. .. ., · . . . 28.9 47.!> 0 .. 5;; 

I 
0.2 

Concentrate 4 .. .. .. · . ., 46.9 26.4 . . 8.6,) 1.7 
Tailings (least magnetic) ., · . .. 5.4 ](p ]0 V 6.0 
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It can be· seen that nearly half the Stradbroke Island. ilmenite can be 
separated out a'> a conccntrate containing no more than 0.2 per cent. Cr203. 
;\Iany of the concent.rates from farther north are almost free of chromite, but 
the depos'its, at least from Bundaberg to Curtis Island, are too small to be worth 
working. 

The monazite, a phosphate of cerium and other rare earths, including 
thorium, has been produced as a by~pr!>duct and marketed mainly for its 
cerium. An analysis or monazite from Byron Bay (Wylie, 1950) is: 

La.o •. Ce,O •. Pr.O •. Nd,O •. Sm,O •. ThO,. 

% % % % % % 
15.5 27.2 3.37 Il.l} 2.24 7.35 

Estimates of the thoria content at several localities are: 
Woolgoolga 6.3 per cent. Th02 
Byron Bay 7.2 
Cudgen . . 7 4 " " 
North Burleigh 7.3 

The samples obtained at each individual area by the Burean of Mineral 
R~'otirces during the beach s?nds invt'stigation were compared radiometrically 
with a standard sample from Byron Bay, stated to contain 6.6 per cent. Th02 • 

The thoria content in the area investigated, i.e., from Southport to the Clarence 
Hiver mouth, was found to be virtually constant, at 6.6 ± 0.3 per cent. 

RIZE COMPOSITION. 

Beazley (950) found, as a result of numerons mechanical analyses, that 
the beach-sand heavy minerals between the Richmond River and North Strad
broke Island are well-sorted, and have median diameters ranging from 0.110 mm. 
to 0.133 mm. The average grain-size increases noticeably near the southern 
ends of the beaches 011 North and South Stradbroke JsI:mds. This has been 
thought to be due to the deposition of heavy minerals at these localities, but, 
since the beaches have no southern headlands to protect them from eroRion, 
the inerease in grain-size may be due to selective removal of smaller grains. 
The grain-size increased markedly near SOIllP of' the northern h(>adlands on the 
Queensla,nd coast, between Moreton and Frazer Islands. Beazley suggests that 
the large grains are derived from the adjacent headlands of Mesozoic sandstone. 
An alternative explanation that may apply in som(' cases is that strong rip 
currents are prevalent near thes(' northern headlands, and they remove Hle 
smaller grains. The same explanation is advanced later to account for a higher 
proportion of zircon in the concentrate:-; near the northern ends of beaches that 
terminate at headlands. 

A sample obtained near South Kohby, :l mile inland, had a larger grain-size 
than any of the beach sands, anfI its sorting was mnch poorer. It was tal,en 
from a bore, from the surface to a dept.h of 6 feet, and is evidently composed 
largely of coarse littoral sediment of the +5-foot heathland. This is noted in 
the description of that locality. 
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The heavy minerals on the transgressive dunes of North Stradbroke Island 
are very well sorted, and are a little smaller than the minerals in most of the 
beach-sand samples, having a mediHn diameter of 0.110 mm. 

Table 22 summarizes some of the results of mechanical analyscs of thc 
heavy mineraL.,; separated from typical samples. 

TABLE 22.-FIRST AND THIRD QUARTILRS AND MEDIAN DIAMETERS OF HEAVY 
MINE>RALS IN BEACH AND DUNE SANDS. 

Adapted from Beazley (1950), Table II. 

Locality. First QUartile. ~Ie!lian. Third Quartile. 

Richmond River mouth to North Burleigh; beach 
seams (8 samples) .. .. .. " 0.120 ± .002 0.113 ± .001 0.107 ± .001 

South Nobby, most landward dune, 1 mile inland; 
composite sample frrm borehole 6 feet deep " 0.190 0.149 0.1I2 . 

Broadbeach, ! mile inland; hollow between two 
dune ridges .. .. .. " 0.120 0.1I1 0.103 

South Stradbroke Island, 5 miles north of southern 
end; top of beach .. .. " 0.120 0.110 0.100 

North Stradbroke Island; transgressive dunes, from 
It miles north to t mile south of Blue Lake and up 
to 11 miles from ocean beach (4 samples) " 0.120 to 0.121 0.110 0.100 

South Stradbroke Island, t mile north of southern 
end; seam exposed in sand cliff at top of beach 0.192 0.124 0.111 

Point Arkwright, 1 mile south of; in front of 
foredune .. .. .. . . " 0.217 0.180 0.1.51 

The heavy minerals obtained at the top of the beach on South Stradbroke 
] sland (locality 4) were panned from quartz sand, which consists of the finer
grained fraction of the ordinary beach sand which has been carried by the wind 

. to the top of the beach; its heavy minerals have the same size characteristics as 
- those in the transgressive dunes of North Stradbroke Island. The sample from 
Broadbeach, i mile inland, is similarly fine-grained, and was probably wind-
deposited. Summarizing, the samples of locality 1 have size-grades typical of the 
heavy minerals in beach seams, that of locality 2 represents coarse littoral sedi
ments of some of the emerged heathlands, samples from localities 3, 4 and 5 
are typical of wind-deposited sands, and samples from localities 6 and 7 represent 
beach sauds from which the smaller grains have been removed by selective 
erosion or transportation. In sample 7, some of the coarser grains may have 
been derived from nearby headlands of Mesozoic sandstone. 

SOURCES OF MINERAI,S. 

The average compositions of the principal heavy-mineral deposits and the 
proportions of the same minerals in rocks and stream sands in the source-areas 
are given in Table 23. The composition shown for Clarence sandstones was 
derived from Tallie 4 by omitting leucoxene. Only traces of this mineral are 
found in beach sands; presumably, because of its relatively low specific gravity, 
it is carried seawards beyond the beaches. The analyses of the stream sands 
have come from Table 6, and ouly those of the Orora River, which is outside 
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tl~e area of Tertiary basalts, have been included. The reason is that virtually 
all the excess ilmenite in the other stream sands, derived ffom Tertiary basalts, 
has a grain size smaller than 0.104 mm. (Table 7) ; yet in even the finer-grained 
deposits of the beach and dune sands, that is,. those on the transgressive dunes, 
half of-the heavy minerals exceed 0.110 mm. in diameter, and only a qnarter of 
them are smaller than 0.1 mm. despite the distance they mnst have travelled. 
Thus the Tertiary basalts cannot be considered to be significant contributors to 
the heavy-mineral deposits. The composition given for the Moreton Area is that 
of the heavy minerals in the Brisbane Ri,'er sands at l\Ioggill. Ilmenite form" a 
large proportion of the concentrate, and, unlike that from the Tertiary basaltic 
rocks, it is relatively coarf>e-grained and may be expected to be deposited on 
beaches together with the zircon and rutile. 

TABLE 23.-ZIHCON, RUTILE, II.MENITE, AND MONAZITE IN COASTAL SAND 
DEPOSITS AND IX SOURCE AREAS. 

Locality. Zircon. Uutile. Ilmenite. Monazite. 

Source Area, Clarence Basin: sandstones .. 41.4 33.1 20.4 5.1 
Coastal Sand Deposits, Clarence River to 

North Stradb,,)ke Island, excluding 
deposits in tra"~grt"3ive dunes .. 40.6 31.6 27.3 0.5 

Source Area, Moreton area: Brisbane River 
Sands .. .. .. .. 24.4 20.7 51.5 3.4 

Coastal Sand Deposits, North Stradbroke 
Island, transgressive dune deposits .. 28 27 44 0.3 

Moreton Island to Frazer Island, beach 
deposits .. .. .. " 18 to 25 17 to 19 57 to 63 0.6 to 2.0 

If the Clarence area is considered to be the source of the heavy minerals 
between the Clarence River mouth and North Stradbroke Island, excluding the 
deposits in the transgressive dunes, it is necessary to account for the different 
proportions of monazite and ilmenite. The decrease in monazite is readily 
explained by abrasion: it is rela.tively soft, and ill the coastal deposits has bl'en 
reduced to a much smaller average size than the other minerals. The excl'ss 
Hmenite may have been transported in part from the New England area and ill 
part from Tertiary basaltic rocks. The quantities so deri\'(~d must han> been 
small, and probably most of the ilmenite was carried down ill creeks to the 
+2-foot shor~line from th~ transgressive dunes. 

The deposits from :!\Ioretoll Island to }"razer Island are similar in composi
tion to the hea,,? minerals in the Brisbane Riwr Sands at Moggill, and e\'en 
though this sampling is .inadequate, it seems reasonable to suppose that they were 
deri\'ed from the Moreton ai·ea. Those in. the tram;gressive dunes of North 
Stradbroke Island could be made up of heavy minerals from both the Clarencc 
Basin and the Moreton area, supplemented by some of the coarser-grained of the 
ilmenite from the Tertian' hasaltic rocks. At the time of the +100-foot anu 
+45-foot seas, sanely sedil1lent apparently rxtrncled well ont at a sl1l111ow depth 
from the presE'ut. shoreline. It may han~ come in part from the Brisbanr, Albert, 
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Hlltl ]Jogan Hi,,!']'s, a]1(l in part it may han' heen transported northwards from 
the Clal'cncc and Hiclllllolld Hivl-'l's. 'flu' fille\' g'l'aill-size of the hl'av~' millerals 
permits thl' inclusion of sOllie of the ilmenite from the Tertiary hasaltic rocks, 
and this llIay ha\'(' h{'('n (]el)()sited, illitially, at some dept It lJelo,,, the surface of 
the +101:)-foot and +45-foot seas. 

DISTHIBUTION OF MINERAI,S. 

(Jeneral. 
The general distribution of Illinerals along the coast has beE'n indicated in 

the sect.ion dealillg' with the mineralogical composition of the deposits. Zircon 
and rutile are the dominant minerals betwel:'n Shellharbonr and ~outh Strad
hr,oke Island. North and south of this sl'ction of the coast ilmenite is the most 
abulluaut mincral, except ill thc beach deposits of North Stradbroke Island, 
where the three minerals occur in ahnmlt equal proportions. l·'rom Moreton 
Island to Frazer Island, ilmenite £ol'ms abollt 60 per cent. of the heavy minerals, 
and :>:i]'con and rutile ahout 20 pel' cent. each. North of j<-'razer Island, ilmenite, 
and lip to:W per cellt. magnetite, cOllstitute about 90 per cent. of the concentrates. 

The larg'('st (1llHntities of heavy minerals arc in the low-gt'adt' deposits in thc 
tl'ansg'l'cssiYe (1IlIlCS of North Stradbroke Island. Excluding tllcse, hy far the 
largrst resrrvrf; occnr hetween the Clarence River and North Stradbroke Island. 
Thii'i an'a has heell carpfully trsted, and the distribntion of millerals in it is 
knowll in SOIllC detail. '.rtlC lwa\'y mincrals have been dcri\'e(l from those in the 
Cla.l'<'nce sandstone'S. 

They became ayailable not as a continllous supply bnt as separate large 
IH!Cessionf; durillg periods of rmerg-ence, and the present-day deposits were 
£orllled 1 hrollgh t hI' dii'itrihlltion of theRe specific increments. 

Disll'i7J1tfion in Scams. 

The vertical ciistl'iblltion of the heew)' minerals within scams ill the CUllgcn 
Beaell area is illllstrClh'd ill 'fable 24. 

TABLE 2·L-C'UDGEN AHEA: VAHfATION IN A VEHTfCAL DIRECTION OF 
COMPO:-;ITlON OF HEAVY CONCENTHATES. 

l)erccntage ('omp()~it.ioll of Con('entrate (ncf,!lf'cting Hruflc of 
Co·ofllinnh';-. of Bore from whit-II Snllll'le!o! Garnet nnci other ~linor Millcral<.;). :;ample 

(II!. Henv)' Taken. lind Ilc)lth (If ~QIlI)llc. 
I ~Llnernl per 

Zircon. Uutile. lluwni,te )hJII:lzite. CulM Yard). 

],;,OOON/120W-
:,' 0"'- Of 6" .. .. . . 39.9 38.4 21.1 0.ii3 126 
!I' fi"-IO' 0" .. .. . . 49.9 30.3 19.1 0.63 2,506 

10' 0"-13' 0" 
" .. .. 49.9 30.1 I!J. I 0.64 263 

13' 0"-13'!J" · . .. . . 5!J.0 22.1 18.0 O.!JI 3,040 
(;V 0"-17' 0" · . .. " 47.6 31.7 20.1 0.62 428 
]0,000X/120\\,-
Ii' 0"- !l' 0" .. .. .. 39.6 37.6 22.1 0.67 173 

]()' n"-13' 0" .. .. .. 45.7 32.3 21.2 0.78 1,310 
13' 0"-1;;' 0" · . .. .. 40.2 37.9 

I 
21.4 0.50 870 

l.j' 0"-16' 6" · . .. .. 56.4 23.5 HI. 0 1.13 1,590 
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The grades of th!' samples sho\\' that {'ach bore intersected 'two owrlapping 
scams, viz. in line 1.:J,OOON from 5 feet to 10 feet and from 10 feet down at least 
to 13 feet 9 inches, and in line 10,000N fl'om 6 feet to 13 feet and from 13 feet to 
16 feet 6 inches. It can be s?en that a greater ~legree of concentration, indi
cated by an increase in the grade of the s3mple, is accompanied by an incrcase 
in the proportions of 'zircon and monazite, which aI:e the heaviest minerals. 

'l'his applies in most seams, and it repres'ents a partial separation of the 
constituents by simple gravitation. The decrease In grade towards the top of 
the deposit means an incr aSe in the proportion of quartz sand. The concen
trates from a shallow depth, which haye the lowest proportions of zircon, are 
probably wind-blown, haying been picked up from beach seams and carried up 
into the deYCloping foredune. The relati"e constancy of the proportion of 
ilmenite is noteworthy. 

Distribution in a Landw(lT(l Direction. 

Deposits that occur in the Cudgen area beneath para1l2l dunes, from the 
foredune to more than 1,500 feet inland, are shown in plan in Plate 15 on a scale 
of 1,000 feet to the inch. They are shown diagrammatically in Fig. 1 and their 
compositions arc given in Table 2.). 

TABLE :!ii.-CUDGEN AREA: VAlUATION IN CO}IPOSITIO~ OF CONCENTHATES 
ACROSS THE DEPOSITS. 

A vera~e Percentage Composition (Neglecting Garnet anll Other ~1.inor Minerab), 

Deposit Showll in Fig. 1. 

I Zircon. Uutile Ilmenite. Monazite. 

1 .. .. . . 44.3 34.9 :!O.3 0.54 
2 .. .. . . 43.3 35.4 :W.8 0.54 
3 .. .. . . 37.9 38.6 22.11 0.53 
4 .. .. . . 38.i 38.7 22.1 0.55 
5 .. .. . . 39.5 37.2 22.8 0.53 
6 .. .. . . 36.2 39.9 23.4 0.50 
7 .. .. . . 36.9 40.0 22.6 0.53 
8 .. .. " . 44.2 35.1 20.2 0.54 

It can be seen that the proportion of zircon is high and rutile is corre
spondingly low in deposits 1 and 2 on and adj,ttent to the present beach, and in 
the most landward deposit, No. S. No. 8 deposit occurs beneath the seaward 
slope of an earlier foredune, which actually is the highest dune in the area. 
A.pparently it was built up during a long peri,)d of staple c.oastline. Deposit.s 
3 to 7, particularly Nos. 6 and 7, arc reJatiYcly low in zircon and high in rutile. 
They nnderlie a sncce'>s of lower chmr-ridges, formed when the coastline was 
advancing sea wards. The differing compositions can probably be explained 
in terms of changing compositions of the heavy minerals migrating along t.he 
coast. The availability of sand and minerals was determined b~' eustatic 
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changes ill sea IHel. A large snppl~' of heavy concentrate existing as a minor 
constituent of large volumes of sanrJ, silt, &e., was carried to the coast by 
rivers dUl'ing and for some time aft('r eat'h ppriod of emergence, when the 
aluvium in the valleys was being eroded to a new base level. The material 
being eroded was mainly unconsolidated sediment that had been deposited there 
after the preceding stage of submergence. Along the coastline the heavy minerals 
least exposed to er0sion and transport were those in the most highly concen
tt'ated parts of the seams beneath tlw upper portions of the beach. They were 
relatively rich in zircon and monazite. Thr more exposed parts were relatively 
rich in rutile,' and, in lesser degree, in ilmenite, and it may be expected that the 
migrating mineral:.; would approximate to them in composition. After a 
(:onsiderable period of stable sea level, the beach deposits near the 1'0l1rce of 
supply became poorer in rutile, a little poorer in ilmenite, and correspondingly 
enriched in zircon. 

Northwards along the (!oast from the source of supply the deposits were 
hcing augmented by sands transJlorted northwards, and the impoverishment in 
rlltilp and ilmpuite gave place to an enrichment in these two minerals. Through 
a I:outinuation of this process of selective transport, the concentrates migrating 
on to a particular beach gradually became richer in zircon. The composition 
of deposit 8 indicates that this process had operated without illterruptioll for 
a relatively long period, and it supports the suggestion already made on 
morphological grounds, of a long interval of stabl!' shoreline. Deposits 7 -to 3 
illClllsiYe have the composition appropriate for a period marked by rellrwed 
sllPplies of sediment rpsulting "from slight emergence, and an accompanyillg 
seaward advance of the shoreline. The expected slight increase appears in the 
zircon-content, towards the end of the pcriod. Deposits 2 and 1 show a sudden 
increase ill zircon, which could not be explained as a result of an uninterruptcd 
progress of the selective transport outlined above. Possibly other deposits 
which bridged the gap in composition between No. 3 and No. 2 inay have 
been laid down, but removed by erosion before No. 2 was deposited. Alter
natin'ly, extensive deposits farther south, which had been depleted in rutilf', 
ma~' have suddenly become exposed to erosion and migration. These deposits 
couid have existed as seams beneath parallel dunes stretching from Brunswick 
Heads to Mooball Rocks, which now form sea-stacks a few hundred feet off-shore, 
and from Mooball Rocks to Potts Point. Severence of the dune belt at Mooball 
Roeks by a meandering creek, the forerunner of Mooball Creek, would result 
in the rapid erosion back to the present coastline. 

In other areas, a similar sharp decrease is observed in the zircon-content a 
short distance inland from the beach. 

'rhe figures for the Broadbeach Hrcrration Arra, as aetually determined, 
are given below. They suggest a series of changes in composition from the 
beaeh landwards similar to those of the Cudgell area, but the differpnces are 
so small that they could be due to random errors in boring and sampling. 
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BROADBE_-\CH RECREATION AREA-CmIPOS1TIOXS OF COXCEXTR_-\TES. 

Percentage Comvobition. 
Distance from ]~each. 

Zircon. Rutile. Ilmenite. Monazite. 

Beach to 200 ft. inland .. .. .. . . 42.3 33.4 23.7 0.54 
240 ft. to 440 ft. inland .. .. .. .. 38.7 35.4 25.4 0.44 
480 ft. to 550 ft. inland .. .. .. . . 36.7 3" 7 27'.1 0.48 
820 ft. to 1,050 ft. inland .. .. .. 37.4 3.').7 26.4 0.54 

Distribution Along a Deposit. 

The distribution of the heavy mineral" along seams on and adjacent to 
beachpR was investigated by taking samples from boreholes, and determining 
their compositiolls. The localitics of these sampleH in the CnclgPIl Beach area 
are shown in Fig. 1, B to G, and their composition in Table 26. 

TABLE 2(J.-CVDGE~ AHEA: VAlUATION IN COMPOSITION Ol~ CONCEXTHATES 
ALO~G THE DEPOSITS. 

Ralllple Locality "hown in 
Average Percentage Composition (Neglectln~ Garnet arlcl other ~1inor Mineral_). 

}'ilo£. 1. 
Zircon. Rutile. Ilmenite. ]\[onazite. 

A " .. .. 36.0 40.6 22.9 0.45 
B .. ., .. 42.4 35.9 20.2 0.53 
C .. .. " 43.9 35.0 20.6 0.56 
D .. .. .. 43.6 35.2 20.7 0.47 
E .. ., .. 46.2 . 33.2 20.1 0.48 
F " .. .. 43.4 35.2 20.9 0.51 
G .. .. .. 44.5 34.4 20.6 0.56 
_. 

'fhe deposit sampled at A is in a sand-spit near the mouth of Cudgen Creek 
from th2 western edges Qf deposits between 1300N and 15800N. Table 26 
shows that zircon varies inversely as rutile. Ilmenite and monazite change only 
&lightly; the ilmenite increases with the rutile, and the monazite is usually 
proportional to the zircon. The distributions of the minerals along other 
deposits are discussed in the sections describing the individual areas, and arc 
summarized here. The deposits were sampled in sections from south to north, as 
was done in the Cudgen Beach area, and the average composition of each set of 
samples was regarded as representative of the deposit at the mid-point of that 
section. For example, the average compo.'lition of the ,<;amples from boreholes 
2,000 feet and 3,000 feet south of the northern end was regarded as represen
tative of the deposit at 2,50(J feet south. Thus the distribution of minerals in 
a (leposit was depicted by the average compositions estimated for each of 
several points at intervals along it from its northern to its southern end. To 
express the results graphically on the same scale for all deposits, the distances 
from the northern end in each deposit were expressed as percentages of the total 
length of the deposit. 
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at stream mouths, . 
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Figure 2 is cOllstrncted to show the proportions of zircon and rutile at 
intervals along two beaclles thflt terminate northerly at headlands, and Figure 
3 gives the r;aree inf.Jrmation for four beaches that terminate at stream mouths. 
Ilmenite and monazite are not included because the chflnges in their proportions 
are much smaller ill magnitude; ilm('nite varies as rutile and monazite a!'; zircon. 
III Figure ~, starting flt the southern end and going northwards, the zircon and 
the rutile curves tend at first to approaeh ene another, and then to diverge. 
This indicates that at first rutile is increasing aud zircon decreasing, but 
that farther north the trend of the change is reversed. The deviations from 
mean composition are comparatively small. However, those that are observed 
may bE' E'xplained by the processes known to be operating. There is a tendency 
towards depiction of rutile from the southern end by northward migration, 
and at the northern E'Bel by r-ip curreEts. The latter appears to bE' the more 
PiiectivE', and if the two processes continued fOl" a considerable til1w, the final 
result should be a gradual increase in zircon from south to north. However, 
the main shifting of minerals, at least by the rip currents, takE'S place during 
storm periods, which are too short to enable equilibrium to be established. 

In Figure 3, which gives the distribution' of minerals along beacllE'S that 
tf'rmnate northwards at river or creek mouths, the zircon and the rutile curves 
tend to approach olle another slightly frolll south to north. 'rhis indicates a 
small steady decrease in zircon and increase in rutile, and is apparently the 
result of northward migration of rutile. The modifying influence of the rip 
current that occurs near a northern headland is not seen here. These 
patterns of mineral distribution do not apply to all beaches. In Figure 3, the 
curves for the beach between Tweed Heads and Fingal Point show an increase 
of zircon in a northerly direction, instead of a decrease. This is thought to be 
due to local causes, including wind-transport of minerals rich in rutile from 
,the exposed spit, and the occurrence of a substantial breakwater at the northern 
,end of the beach, which may gjve rise to a rip current.. The deposits between 
Brunswick Heads and Cape Byron become narrow and discontinuous at a 
relatively short distance southwards 'from Brunswick Heads, and selective 
northward transport of their minerals must result in deviations from the 
distribution appropriate to a continuous deposit. Local departures from average 
composition are produced in several ways. An irregularity in the coast. line, 
such as that opposite Moohall Rocks between Potts Point and Brufi<;wick Heads, 
may favour the deposition of heavy mineral,>. It may also result in the formation 
of a rip current, which modifies the composition of the deposits. The heavy 
concentrates on a spit at the mouth of a stream usually differ in composition 
from those on the beaches, although they may be continuous with the beach 
deposits. At Cudgen Creek, the spit deposit is made up of mineral.,' carried 
to it by the creek, and is high in rutile. At Palm Beach (Figure 3) the spit 
deposit has been derived from minerals migrating along the beach. It is higher 
in zircon than the adjacent beach deposits, presumably because of selective 
removal of rutile by the creek. 
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Distrib1ttion between Clarence River and Sfradbroke Island. 

In considering the sources of the heavy minerals in the high-grade deposit'> 
along tliis stretch of coast reasons werc givcn for considering t~at they have 
been derived almost 'entirely from the Clarence Series sandstones in the Clarence 
Basin. Their present distribution is a rcsult of their transportation at varying 
rates along the coast. The evidence available indicates that the supplies of 
minerals came in three distinct increments, each of relatively short duration, 
during the emergences from the +10-foot, +5-foot and +2-foot sea-levels, 
when the unconsolidated sediment in river valleys was rapidly removed down 
to new base-levels, and near-shore sediment was ele"ated close to or above sea 
level. Arranging the minerals according to their relati\'e rates of transport 
from slowest to fastest, they are: zircon, ilmenite, rutile. l\Ionazite is probably 
slower than zircon. 

The distribution across the deposits, in a landward direction, shows that 
their relative rates of transport along the coast were of the same order. A 
quantity of heavy minerals made available by emergence, occurring actually as 
a minor constituent of quartz sand, would be extended gradually northwards. 
The northern part would be markedly enriched in rutile and slightly in ilmenite, 
and the southern part in zircon and monazite. Actually the supply of heavy 
minerals made available at each emergence, continued through an interval of 
time during wpich an approximately constant composition was maintained at 
'thE, source of supply, at the river mouth. 

At the time of the +10-foot sea or in an early stage of the emergence 
that succeeded it the compositions of the concentrates near the river mouths, 
as reflected in deposits in nearby +lO-foot heathlands, were those given in 
Table 27. 

TABLE 27.-COMPOSITIONS OF DEPOSITS IN HEATHLANDS NEAR CLARENCE AND 
RICHMOND RIVER MOUTHS. 

Locality. Zircon. Rutile, Ilmenite. lIonazite, 

Near Clarence River Mouth-Deposits known as 
Macaulays Lead .. .. .. .. 

Near Richmond River Mouth-Deposits near town of 
47 31 21 1.0 

Broadwater· .. .. .. . . 51 33 16 ? 

• Figures supplied by Mr. W. H, Demck, Manager, Titanium Alloy ~lfg. Co .. Cudgen. 

The only deposits of the +10-foot level north of here are near Norries Head, 
about i-mile inland. The percentage composition of concentrates from several 
bores in this locality is-

Zircon. Rutile. Ilmenite. YOMz!te. 

39 41 19 0.4 
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The increase in rutile could be expected. Comparison of the compositions 
of 'rable 28 with those of the heavy minerals in the Clarence sandstone (Table 
24) indicates that the deposits near the river-mouths had been depeleted in 
rutile. 

The + 10-foot deposits at l\Iacaulays Lead are relativcly high in grade awl 
contain about 100,000 tons of heavy minerals. The tonnage of heavy minerals 
near Broadwater is not known, but is thought to be much smaller, and thc 
grade much lower. At Norries Head the tonnages arc small, but there the 
deposits have been eroded. No heathlands of the +10-foot level are known 
north of N orries Head. The coast was deeply drowned during the submergence 
that culminated in the +20-foot sea level and, as already suggested, it probllhly 
remained a drowned coast at the time of the +10-foot sea, except for somc 
distance northwards from the mouths of the principal streams. 

Depos~s of the +5-foot sea occur] t miles inland from Seven l\file Beaeh, 
and at North Burleigh, Burleigh, sonth of North Nobby, and South Nobby. 
Low-grade concentrates in illdurated sand of probably +5-foot heathland 
occur about 700 feet inland from Tallow Beach. Other hcathlancl arf'as of 
the +5-foot level are described in connexion with the physiography of the coastal 
area. Thc compositions of the known deposits are given in Table 28. 

TABUj 2S.-C'OMPOSITIOX OF HEAVY-MINimAL CONCENTRATES IN +5-FOOT 
HEA'fHLANDS. 

Locality. Zircon. \tutile. Ilmenite. Monazite. 

Seven Mile Beach, It mile& inland .. .. 46 36 17 O.S 
Tallow Beach, indurated sand probably of +5-foot 

level, 700 feet inland .. . . " 35 44 21 0.3 
Burleigh, South Nobby to 1,700 ft. south, 500-S00 ft. 

nland ., .. .. . . .. 30 20 50 0.1 

The deposits at Seven Mile Beach· and Tallow Beaeh show the effect on 
composition of the faster rate of transport of rutile. That at Burleigh cannot 
be so explained. The ilmenite does not _appear to be derived from Tertiary 
basalts, because its grain size, determined by Beazley (1950), is much too large. 
'rhe heavy minerals in the Tweed River sands at Uki, also examined by Beazley, 
contained 58 per cent. ilmenite (and 38 per eent. magnetite), and more than 90 
per cent. by weight of the mineral grains had a median diameter exceeding 

-0.251 mm. It seems likely that the heavy minerals here were derived in part 
from sediment brought down by the TWf'ed Rivrr .. 

Deposits of the - 5 ( 1) -foot sea were intersected ill bores put down by thc 
Burellu of l\'[ineral Resonr('('S at Tugnn, Burleigh, alJ(l North Hmlf:igli. but their 
compositions were .not determined. Thc samples obtained at Tngun appearcd 
to be relatively coarse-grained, and to contain a good deal more rutile and 
ilmenite than the usual beach-sand concentrates. Deposits at Toolena 8t. were 
reported by Mineral Deposits Syndicate, who worked them, to contain 27 pCI' 
cent zircon, 27 per cent. rutile and 46 per cent ilmenite. It is likely that these 
and the low-level deposits at Burleigh and North Burleigh derived their excess 
ilmenite from the same probable f,ourcr as that of the +5-foot <lpposits, that 
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is, the Tweed River. The concentrates obtained from bores put down by priYate 
operators in deposits, probably low-level, near- Tallow Beach, Norries IIead, 
and Point Lookout were mixed with conc~ntrates from overlying parallel-dune 
deposit<;, and their actual compositions are not known. 

The heavy-mineral deposits formed after the final emergence of two feet 
occur along the entire coast. Their distribution and that of the al>.,<;ociated dunes 
has been greatly modified by northward migration of sand, which ha<; denuded 
the southern part of this stretch of coast, and tended to counteract erosion of 
the northern part. The largest quantities of heavy mineral<; occuI' between 
Tallow Beach and North Stradbroke Island, in particular beneath the parallel 
dunes at Cudgen Beach, at North Stradhroke Island, from Snrfp.rs Paradise 
to North Burleigh, at Tallow Beach, and from Norries Head to Hastings Point . 
Little of these latest deposit<; are found between the Clarence River and Ballina, 
.md the coastal dunes with which they were associated have been removed almost 
entirely. The effects of this erosion are obvious farther north, particularly 
on the longer beaches where as far north as Potts Point at least the late;,t dnncs 
have been greatly reduced. The shorter beaches between headland<; have not 
been so strongly eroded. Tallow Beach, which is particularly well situated in 
this respect, and in addition receives little drainage from the country behind it, 
i., backed by· massive dunes that cover extensive heavy-mineral deposits. North 
of Potts Point the unconsolidated deposits have been less eroded, in part because 
of the continued transport of sand from farther south. However, the dunes and 
deposits of Letitia Spit between 1'weed Heads aQd i<'ingal Point, and portions of 
tJlOse between Fingal Point and Cudgen Head, are probably the successors to 
earlier, more extensive ones that had been completely washed away by the Tweed 
River. The extensive deposits between Surfers Paradise and North Burleigh 
may have derived much of their heavy mineral from the breakdown of these 
dunes, just as those at Cudgen may have benefited from the breakdown of a. 
dune area stretching from Potts Point to Brunswick Heads. At the time of the 
+ 2-foot emergence, North Stradbroke Island became tied to the mainland. 
JJarge ·quantities of heavy minerals werp transportl'd to it and deposited on 
mccessjve beaches south of Poiut IJookout, supplementing the deposits formed 
from minerals washed down from the tram;gressive dunes. 

The distribution of the minerals along this stretch of coast has already been 
broadly outlined. The increase in rutile in a northerly direction does not 
proceed uniformly; it increases abruptly on lbng beaches, which have been eroded 
back to the positions of the olde,r inland deposits, corresponding to those at 
Oudgen and Broadbpach, which were initially high in rutile., 

RESERVES. 

The reserves of heavy minerals are summarized in Table 29. More details, 
including dimensions and grade of deposit and volume and average thickness 
of overburden, are given in the descriptions of the individual areas. The figures 
for localities between Southport and the mouth of the Clarence River are ba,>ed 
on detailed sampling by the Bureau and are considered to be accurate. 
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The deposits are high in grade, and the tonnages shown do not include 
any sand containing less than 120 lb. lH'aYy mineral per cubic yard, or 
approximately 4 per cent. by weight. 'rhe average grade of the deposits is 
considerably higher than this. 'file inclusion of lower-grade sand would not 
significantly increase the: tonnage, because the mineral~b~aring silnd 
in the beach seams is nearly all relatiyely high in grade. Low-gralle deposit" 
occur in dunes in North Stradbroke Island, but not on the mainlanq, at least 
between Southport and the Clarence River. 

The reserves estimated for the deposits from Frazer Island to Moretoll 
Island are based on the results of a reconnaissance investigation of the beaches 
by the Queensland Mines Department (Connah, 1948). The hores put down 
during this illvestigation were too widely spaced to allow accurate estimates of the 
quantities. 

The 8ample.<; obtair.ed give 11 cloi>c approximatioll To actual composition; the 
tonnages stated in Table 29 are the hest estimates that can be made on !he 
available data. 

The figures for Swansea, lJUlll'irton, and Bulli to Port Kembla are of about 
the same order of reliability. The figures given hy Zinc Corporation for North 
8tradbroke Island (Donaldson and Stuart, 1948) are based on less extensive 
boring than that done farther south by the Bureau of Mineral Resources. It 
is po.';sible that more work would appreciably increase the tonnage of mineral in 
both the high-grade and the low-grade deposits. 

TABLE 29.-RESERVES OF BRACH-SAND HEAVY MINERALS, IN TONS. 

Locality. 

Frazer Island to Moreton Island-t 
Frazer Island, Beach . . . . 
Inskip Point . . . . . . 
Double Island Point .. " 
Noosa Head (Paradise Caves) .. 
Moreton Island, Beach . . . . 

Total. Frazer Island to Moreton 
Island .. .. .. 

North Stradbroke Island-
Beacht .. .. 
Parallel dunest .. 
Transgressive dunest (low.grade 

deposits) .. 
South Stradbroke Island-

Beach§ .. .. " .. 
Foredune .. .. .. 
Parallel dunes 1,000 ft. inlandll .' . 

Southport to Mouth of Clarence River
Wharf Road, Surfers Paradise to North 

Nobby .... 
North Nobby to South Nobbyll .. 
Burleigh.. .. " " 
Palm Beach .. .. " 
Currumbin (Flat Rock Creek) .. 
Tugun .. .. .. " 
Tweed Heads to Fingal Point .. 
Fingal Point to Cudgen Head .. 
Cudgen Head to Norries Head (Cudgen 

Beach).. .. ., " 

Zircon. 

22,500 
4,100 
1,600 
3,400 
7,600 

39,200 

12,800 
156,000 

1,680000 

13,600 
3,400 
1.450 

76,800 
9,400 
9,200 

18,900 
2,850 

20,100 
23,150 
26,500 

260,000 
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Rutile. 

15,000 
3,200 
1,600 
2,800 
5,900 

28,;";00 

14,700 
156,000 

1.1\20.000 

14,000 
3,500 
1,800 

71,500 
7,500 
6,160 

16,800 
2,600 

17.800 
13.250 
22,300 

223,000 

Ilmenite. ~(onnzite. Total.' 

51,000 
12,400 
6,700 

13,700 
19,000 

102,900 

14.400 
282,000 

2,;;80,000 

12,000 
3,000 
1,700 

4'1,300 
.).flOO 

10,300 
10,500 
1,650 

23,500 
10,200 
14,100 

136,000 

ilOO 90,000 
200 20,000 
60 10,000 

140 20,000 
300 33,000 

1,200 173,000 

100 42,000 
2,400 600,000 

18,000 6,000,000 

200 40,000 
50 10,000 
20 5,000' 

1,020 204,000 
160 23,000· 
200 26,000 
250 47,000 
40 7,200 

110 62,000 
285 47,500 
330 64,000 

3,500 630,000 
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TABLE 2!l.-lh:st:lln:;; OF B~;ACII'SANIl H~;AVY lIIIXt:RALS, Il'\" TOl\S-COl1 lillI/ct!. 

J.ocalitr· 

Southport to Mouth of Clarence Hiver
continued. 
Xorries Head to Hasting Point·· .. 
Norries Head to Hasting Point inlandtt 
Hastings Point to Potts Point .. 
Potts Point to Brunswick Heads .. 
Brunswick Heads to Cape Byron 

(Beach) .. .. .. 
2! miles south, t mile inland .. 
Cape Byron to Broken Head (Tallow 

Beach)U .. .. .. 
Broken Head to Lennox Head .. 
Seven Mile Beach I! miles inland .. 
Ballina to Evans Head~ . . . . 
Evans Head to Woody Head Beach§§ 
Macaulays Lead .. . . . . 
Cement Lead . . . . } 
Jerusalem Creek, west bank 

Total, Southport to Clarence River 

Other Areas (Figures Based on Inadequate 
data)-

Swansea Area . . . . . . 
Lliurieton Area south of Grants Headllli 
Perpendicular Point to Diamond Head 
Bulli to Port Ke'inbla . . .. 

Zircon. 

101,:;00 
19,;"iOO 
38,000 
81,600 

74,400 
2,600 

107,600 
11,900 
5,600 
1,900 

13,200 
41,500 

10,000 

936,700 

4,300 
4,000 
9,400 
I,HOO 

Uutile. 

62,900 
20,400 
24,800 
68,200 

3:;,900 
1,675 

5i5,500 
6,400 
4,300 
1,350 
8,300 

27,500 

7,000 

68'5,200 

4,300 
3,900 
7,000 
1,850. 

Ilmenite. 

43,900 
9,600 

lii,500 
39,300 

25,100 
600 

37,200 
4,000 
2,100 
1,150 
5,900 

19,000 

-t.!!!)!) 

460,000 

1,400 
2,000 
3,600 
1,200 

)(fmazite. 

7:;0 
180 
!;70 

1,140 

900 
2:) 

1,200 
180 
90 
45 

210 
850 

110 

11,700 

1:;0 
140 
80 
35 

Total.· 

211,000 
:;1,000 
80,000 

193,000 

139,000 
5,000 

206,000 
23,000 
12,000 
4,:;00 

28,000 
89,:;00 

{ 
II,~OO 
10,:)00 

2,\8:3,000 

tO,OOO 
tO,OOO 
20,000 
:;,000 

• lnclude~ bmall amonnh of tourmaline, l!arnet, chromite. and trac e., of ot.her nnneral-;. t tin sed OJl 
re('OnnalSbanCe investigation Ity (Jlleensland )lineb "Hepartment (Collllah, 1945). ! Donalcbon and Stuart (19.4:;). 
§ Estimate hy J. H. neill, Consulting Geologh,t, Septemher, 1949. II Estimate IJm,ed on maclequate borm~. 
'1 Depoblt.." 21 mile~ inland have been te!:,ted hy \\~. H. Derrick. manager. Titanium Alloy ~l~l!' Cp. They are thouj.!ht 
to he ~m811 and low in ~'Tade. •• Include:-. 133000 tons proved by Zinc Corlx>ration. 1 heir e .... timate of mon,azitc 
b 0 1 per cent" which b exceptionally low. tt };:-.timated from re::,ulb of boring: by Alltl'l.d (;01 .. l~td., relatively 
low in g:rade, and not induded in total. tt Hored and bampled hy Zircon Rutile Lt(l. s§ [4,000 tOll::, pr<~yed 
near .outhern end; equal quantity e,timate<\ for northern em\. 1111 Fbher (1Il5:l). . 

DESCRIPTIONS OF INDIVIDUAL AREAS. 

NORTH STHADBROKE ISLAND. 

General. 

North Stradbroke Island was examined in a reconnaissance geological 
invcstigation by a Bureau party during .January and February, 1948. Much of 
it has been tested for heavy minerals by Zinc Corporation (Donaldson and 
Stuart, 1948), who carri€d out a programme of scout-boring, and closer boring 
where warranted. Beach deposit~ have been tested iiI a reconnaissance investi
gation by the Queensland Mines Department (Connah, ] ~)48) . 

The island is 25 miles east of Brisbanc, and 3 to 12 miles east of the 
mainland coast. It is 23 miles long from north to south and ranges in width 
from about 7 miles at the northern end to 2 or 3 miles at the sonthern end. 
A plan of the island is given in Plate 9, At the time of the investigation 
Hayles Cruises Ltd. werc conducting a tri-weekly motor launch service from 
Brisbane to Amity Point and Dunwich. A daily ferry service was operating 
between Dunwich and Cleveland on the mainland. Transport on the island 
was restricted by the lack of good tracks. A rough track about 10 miles 
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long ran from Dunwieh to Blue Lake; another along the telegraph line from 
Dunwich to Amity Point had become unusable because of washouts. A reaS011-
ably good sandy road followed the south-south-easterly trend of the dune 
erests from Amity to Blue Lake; and a rough track ran from Amity to Point 
Lookout. The ocean beach and the beach-dunes are separated from the main 
part of the island along most of its length by the Eighteen Mile Swamp. 
Access to the beach was practicable only between the northern end of the swamp 
and Point Lookout, a distance of 4 miles, and by way of a narrow footbridge 
across the swamp ()pposite Blue Lake, about 3 miles from its northern end. 
Vehicles can travel the entire length of the beach at low tide. The southern 
part of the island could be reached on foot from Dunwich and from Blue L.ake, 
and by landing from a boat on the west coast. 

Physiograp~y and Geological Backgro1tnd. 

The main part of North Stradbroke Island is formed almost entirely of 
transgre.';sive dunes that rise to a maximum height of more than 700 feet.. 
:rhey are for the most part covered by fairly open eucalypt forest and bracken 
fern, although in the central, highest, parts of the island the vegetation amounts 
only to shrubs and scattered Xamia. Some localities, for example immediately 
north-west of Swan Bay and in places bordering the Eighteen Mile Swamp, 
are covered by a dense scrub. Mesozoic sandstone crops out at Dunwich on thc 
west coast and Mesozoic rhyolite at Point Lookout in the north-ea~t. A small area 
of Lower Palaeozic greenston~ is visible at low tide on the west coast about 10 
miles south of Dunwich. These consolidated rocks provided a buttress against 
which northward-migrating sand banked up, but the limits of their extension 
beneath the sand ate not known. Immediately north of Blue Lake in the scarp 
facing the swamp, ~floaters have been found up to 2 feet square and 6 inches 
thick of relatively c9arse-grained, well-bedded sandstone. They are lithologically 
different from the :Mesozoic sandstone and may be younger, possibly Pleistocene, 
in age. The transgressive dunes terminate at a scarp on the west where they 
overlook Moreton Bay, and on the east where they overlook the Eighteen Milc 
Swamp. ~he western scarp has been formed through erosion by tidal currents, 
and the eastern is clearly an early shoreline. The swamp is fringed on the east 
by a narrow belt of coastal dnnes, and on the north, 4 miles south of Point 
Lookout, 'it' giv'es way to'a belt of northward-trending parallel dunes. 

The boundaries of the transgressive-dune areas have been traced from 
aerial photographs' and are shown in Plate 9. The limits of advance of the 
dunes of the las( three stages are clearly visible. The frontal boundary of the 
dune of the second stage in its climb up the oldest dunes is not readily 
recognized. However, it can be traced by the lakes, swamps, and creeks that 
hay,," been formed by the impounding or diverting of water that drains down 
the slope of the oldest dunes. At varying depths beneath the surface, the 
dunes ·are firmly indurated, apparently by iron oxide which coats the sand
grains. The loose sand has been stripped from the surfaces of the highest part.s 
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uf the oldest dunes and subsequent erosion has sharpened their peaks and 
gullies. They support only a scattered growth of low sllrnbs and heath. 'l'he 
scarce vegetation and sharpened relief distinguish them in aerial photographs. 

At several loealities along the western ("oast and along the scarp at the 
eastern edge of the transgressive dunes, and up some of the creek gullies, deposits 
of carbonaceous sand-rock crop Out at two distinct levels. Their upper limits 
are between 30 and 60 feet and between 90 and 110 feet above sea leyel. The 
levels were determined by means of an aneroid altimeter, correctcd from the 
readings of a weekly barograph stationed at Dunwich on the western side of the 
island. The eorrpctions were not always satif;factory, as it was found' that 
whenever a strong. sea breeze was blowing a considerable difference existed 
between the pressure changes on the eal't_ern and the western sides of the island. 
Probably similar differences would apply in the interdune valleys compared 
with the dune crests. The colour of the carbonaceous deposits varies from 
chocolate to black. 'l'he grains are of quartz, small in size, and sub-angular to 
well rounded. The pore spaces are filled with soft, black or brown, finely
divided earbon and carbonaceous matter which acts as a bonding material and 
forms a loosely coherent sand-rock. Making allowance for its dehydration and 
hardeni;lg, it resembles the deposits now forming in coastal swamps. The 
surfaces of the outcrops are typically riddled with what appear to be worm-holes, 
about 5.mm. ,in diameter. Many of the deposits along the scarp adjacent to the 
Eighteen l\Iile Swamp contain abundant shells of limonite which range from a 
foot to two or three feet in diaml'ter. Isolated l'ollllded shells are seen, but 
usnally numbrrs of shrUs occur close together, and commonly adjacent shells 
share the one . limonite wall, so that, in effect, the sand-rock is partitioned by a 
" boxwork" of limonite. 'Where the base of the carbonaceous sand is exposed, 
one or two approximatrly horizontal seams of limonite may occur in the 
induratrd dune sand beneath. 

The presence of the carbonacl'ou8 sand-rock is readily obserYl'd where 
some erosion is going on. Elsewhere the surface becomes oxidizrd, loses its 
(·arbon, and becomes a' ma.,>s of gre:y or even white sand. Sand-rock enclosed 
within a limonitr shell may be protl'cte'd from oxidation and retain most of its 
carbon; tim:; adjacrut parts of the same deposit may range in colour from 
brownish to grey or creamy-white, depending on the degree of oxidation. 

The deposits at no. to 110 feet occur on the eastern scarp from 7 miles 
south to 1 mile. north of Blue ·IJ~ke. III a 'f~w 'places an indistinct horizontal 
bedding is ,'>l'en. Those at 30 to··60 feet were observed in Canaipa Pa.-,;<;age 
about 13t miles south of Dunwich; at a 'lo'cality 3 miles south of DUllwich; 
in Flying Fox Gully about 3 miles north of Dunwich; in Ferny Gully, 2' 
miles east of Amity Point; in the crel'1\: that flows from Blue Lake to Eightl'cn 
l\Iile Swamp;' and at localities ~ mile north and -k mile south of Blue Lake. 
At the locality in Canaipa Passage, carbonaceous sand-rock overlirs current
bedded :;and-rock ill cliffs that rise "ertically from deep water to hl'ights of 
20 to 30 feet. A section is giYl'n in Figure 4. 
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Greyish-black, carbonaceous sand-rock; rises back from 
cliff edgt' to approx. 40 feet above water level. 

Yellowish-brown current-bedded sand-rock. 

Major planes. of stratification appear to be horizontal. 

Dark hand containing 2 per cent. heavy mineral. 
Chocolate-COloured, fairly well cemented sand. Limonite 

'is principal cementing material, and little car
bonaceous matter is present. 

Water level. 

Fig. 4 Section exposed in cliff, Canaipa' passage, North Stradbroke Island. 

'1'he probable origins of the carbonaceous sand and the transgressive dunes 
hClve already been discussed. Aerial photograph:; ancl the military map of 
North Straduroke Island show what. appears to be a scarp, partly obscured 
by dune sand, running in' a south-south-easterly direction fro~ ahout 3 miles 
south-south-east of Dnnwich to a point near the Eighteen Mile Swamp 5~ miles 
<;ol1th of Blue Lake. North of this scarp the five stages of transgressive dunes 
are seen; south of it the oldeAt dunes are missing, and 1hose of the !>econd 
-;tage, the p45 dunes, appear to have advanced as long ridges across the flat 
land-surface. Probably the south-south-easterly tn·nding scarp ,,,as part of the 
shoreline of the +45-£90t sea, aBd the flat surface over which the p45 dunes 
advallcpd was the emerged sra bed, formed by wave rrosion of parlier pIOO 
dunes. 
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1'31'a\ll'l dunes extend from 1 mile south of Point I~ookout to tltl' northeril 
end of Eighteen )[ile Swamp, about 3t miles south. Otlil'rs can be seen on 
3l'rial photographs from 8 miles to lOt mill's farther south. Those in the 
inicneniug stretch ha,·e apparently been washed away by tlte creek flowing 
southwards through the swamp. 

Minel'Ul Deposits. 

Depo.sits of heavy minerals occur. on the ocean beach, beneath the pan'lIe! 
dunes south of Point IJookout, and· within transgres<;ive dunes of the last three 
stages. 

Beach (Connah, 1948) .-Deposits occur mainly within the 4-mile stretch from 
13 to 17 miles south o~ Point Lookout. Small concentrations were found 5 to 8 
miles south, but none farther north. In comparison with other parts of the coast, 
it could be expected that rich deposits had accumulated for some distance south 
of the prominent headland at Point Lookout. In the next paragraph it is pointed 
out that the parallel" dunes from 3-} miles to 11! mill'S south of Point IJookont 
have been washed away by the creek flowing southward through the Eighteen 
Mile Swamp. The present bea{'h dunes were probably formed from f]uartz 
sand derived from the eroded parallel dunes. It may be expl'cted that th~ ~ll'a"y 
minerals would be deposited in the deepest channel.'l erodrd by the creek, and 
would therefore not be available for deposition on the beach. 

Parallel Dunes.-Ilighly concentrated seams have been found beneath the 
northern belt of parallel dunes 1 to 3! miles south of Point Lookout (Donaldson 
and Stuart, 1948). It is Hot known whether the southern area 8 to 10:1 mile~ 
farther south has been tested. Undoubtedly seams occurred in former times in the 
intervening stretch, beneath parallel dunes that have been removed by creek 
erosion. They may have been redistributed as deposits in creek channe!s 
beneath th.e swamp. A considerable proportion of the heavy minerals beneath 
the parallel dimes has been curried down by creeks from the transgr('s~iye 
uunes. The principal creek has cut a deep valley into th(:m a11<l has removed 
so much sand that the scarp, so prominent farther south, is absent here. 

Transgressive Dunes.-The transgr{'ssive dunes of the last three stages from 
about 5f to 12 miles south of Point Lookout contain an average of 2 per -cent. 
by volume of heavy,minerals (Donaldson and Stuart, 1948). The best samples 
from each of the bores put down by Zinc Corporation commonly contain more 

~ than 3 per cent. Those from bores in the p45 dunes contain less than 1 per cent. 
and from bores in the plOD dunes less than 0.5 per cent. heavy minerals. The 
heavy minl'rals in the later dunes hav{' apparently been derived in large part by 
erosion of the p100 and p45 dunes. They have been carril'd by creelta to the 
sea shore and deposited as beach seams. It is not likely that signifieant 
concentration'S will b3 found north or the -creek that empties into. the northern 
end of the swamp, or south of the south-south-easterly trending scarp that 
meets the swamp 5t miles south -of Blue Lake. 
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Mining Tenements. 

Titanium and Zirconium Industries hold Mining I,ease 313 and authority 
to prospect an area of 30 square miles immediately to the west of it. Mining 
Lease 313 embraces the parallel-dune area and the beach from the southern 
boundary of the camping and recreation reserve near Point Lookout to 
approximately ]8 miles south. The authority to prospect includes the later of 
the transgressive dunes from the vicinity of Point Lookout to 14~ miles south. 
Mineral Depo.<;its Syndicate have authority to prospect the remainder of the 
southern portion of the island. 

Production. 

Titanium and Zirconium Industries, a subsidiary of Zinc Corporation, 
installed a separation plant at Dunwich, and began to work the beach and the 
varallel-dune deposits during the second half of 1950. Approximate throughput 
capacity, at the time, was 720 tons heavy minerals per month. 

Reserves. 

The reserves are summarized in Table 30. They are !lll avapable ~or mining. 

Beach. 

The quantity of heavy minerals estimated from the results of the Queens. 
land Mines Department investigation (Connah, 1948) amounts to 21,000 tons, 
having an average composition: 

Zircon. Rutile. Ilmenite. Monazite. 

Per cent. Per cent. Per cent. Per cent. 
31 37 31 0.2 

Allowing for beach washings during storms, and for deposits covered too 
deeply by overburden to be tested during the reconnaissance investigation, it 
appears safe to double this tonnage. 

Parallel Dunes. 

Zinc Corporation estimated reserves of 1,140,000 cubic yards of sand in the 
area bored, containing 7.6 per cent. by volume of heavy minerals (Donaldson 
and Stuart, 1948) .. It was thought safe to double this figure, giving reserves of 
approximately 600,000 tons of heavy minerals. The composition of samples -
tested by the Bureau is: 

Zircon. Rutile. Ilmenite. ~lon.zite. 

Per cent. Per cent. Per cent. Per cent. 
22 32 46 0.4 
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Transgressive Dunes. 

The boring done by Zinc Corporation indicates reserves of 200,000,000 cubic 
yards contailling 2 pcr cent. heavy mineral by volume or approximately 6,000,000 
tons of concentrate. The average composition (Donald<.;on and Stuart, 1948) is: 

Zircon. Rutile. Ilmenite. Monazite. 

Per cent. 

I 
Per cent. Per cent. Per cer.t. 

28 27 44 0.3 

TABLE 30.-NORTH STRADBROKE ISLAND: RESERVES OF HEAVY' MINERALS, 
IN TONS. 

Deposits. Grade: Ih. per 
Cubic Yard. 

Ocean Beach .. .. Probably 
about 500 

Pal'allel dunes .. .. about 350 
Transgressive dunes .. about 75 

SOUTHPORT TO COOLANGAT'rA. 

Introduction. 

Zircon. 

12,800 

156,000 
1,680,000 

Hutlle. Ilmenite. Monazite. Totn!. 

14,700 14,400 100 42,000 

156,000 282,000 2,400 600,000 
1,620,000 2,580,000 18,000 6,000,000 

'l'he stretch of coast from Southport to Coolangatta contains extensive high
grade deposits that have been wor1l:e:1 by three syndicates or companies for more 
than ten years. It is traversed from north to south by the Pacific Highway and 
the Queensland South Coast Railway. The area is a popular holiday resort and 
the greater part of the coastal dune belt is now covered by buildings, roads, and 
other improvcments. Large reserves of heavy minerals remain in the improved 
areas, and are not now available for mining. Most of the high-grade deposits 
outside these arcas havc becn wQrkcd out, and production is now from annual 
beach washings, from lower-grade deposits, and from small portions of high· 
grade deposits available for mining by agreement with the owners of unimproved 
allotments. . 

Topography and Geological Background. 

A plan of the area investigated between Southport and Coolangatta is.given 
in Plate 2, and sections along bore lines in Plate 13. The low-lying coastal belt 
is divided into four units by ridges of consolidated rock that extend to thp. 
coast, or almost to it. Each consists of a belt of dunes adjacent to the beach. 
succeeded on the landward side by low-lying coastal plain, or by heathland, 
which, though at a slightly higher level, tends to be damp and swampy. From 
Surfers Paradise to North Nobby the dune belt has an average width of 1,200 
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feet, and is made IIJ1 of at Ipast a dozen parallel ridges. The dune belts in the 
other areas arr IIl1rrO\\"(,1" hut several parallel ridges can be distinguished in 
,·ach. 'l'hey ~rc relatiYely low, their crests in most places I'ising no higher than 
25 feet above mean low water. Sections along the bore-lint's that cross the parallel 
nUlH'S b{'tween Broadbeach and North Burleigh show that the farthest inland 
of the heavy-mineral seams beneath them are slightly higher than those on and 
near to the beach. A glance at the seetion .along the" Wharf Road" bore-line, 
giv{'n in Plate 13, gives this impression, but it is not easy to decide the actual 
difference in ele"atio11. The seams intersected by the bores 'between 890E and 
.t;130E appear to have a lower limit of +3 feet, referred to mean low water. 
Those from 0 to 210E appear to have a lower limit of +5 feet, except the 
relatively low-grade material, which persists down to +3.5 feet in bore 150E. 
Inspection of several sections shows that the more landward seams are no less 
than 1 foot and no more than 2 feet above those near the beach. The lower 
limits of the seams between 650E and 350E in the" Wharf Road" section appear 
to be at an intermediate level, and this seems to be true of most of the bore-lines 
in this area. 

The coastal plain ou the landward side of the dune belt from Southport to 
"North Burleigh is nearly all low-lying. Drains have been d~g through it, and 
they keep the water table low enough to allow most of it to be utilized for 
grazing. Two small sandy areas rise several feet above the general level of the 
coastal plain. A bore put down in the northern one, at locality R in Plate 2, 
encountered ind~rated sand at a shallow depth. A bore in the southern area at 
locality S passed into coarse sand at about water level, which must have been 
several feet above mean low water on Broadbeach. The coarse sand is inter
preted as a littoral deposit, probably of the +5-foot sea. The .indurated sand is 
also thought to be a remnant of a +5-foot heathland, because none of the younger 
\lands examined along the coast have been found to be indurated. It is possible 
that an extensive belt of +5-fuot heathland once occurred in this area, and has 

, been m~arly all {'roded by the Nerang River and by several creeks, notably the 
, oue that flows northwards past Mudgeeraba. 

}i'rom North Nobby to Burleigh Head the clune belt corresponding with that 
from Broaclbeach to North Burleigh is only a few hundred feet wide. Between 
North Nobby and South Nobby it gives way on the landward side to.a flat area 
whose surface level is 21 to 22 feet above mean low water. It is covered by 
low shrubs and heath, and is traversed by slightly lower, somewhat swampy 
strips which, on aerial photographs, are seen to curve round like old beach-lim's 
between the two Nobbies. '1'he underlying sand is indurated below a depth 
of about 10 feet. A section along bore line 1,607S, given in Plate 13, shows 
deposits at a relatively high 'level between 560W and 720W, but they are 
underlain by a rocky spur that seems to extend from North Nobby, and hence 
they give no idea of the level of the sea which deposited them. However, 
similar deposits from 500W to 357W in the section of bore-line 1,263S, ;,outl1 

70 

r. 

• 

,. 



• 

of South Nobby, bottom at about 8 to 9 feet, and by comparison with the 
lev<,ls of the deposit in the" Wharf Hoad" bore-line, they appear to be about 
5 feet above those on present-day beaches. The lower limit of the seam at 
430'V is not known, because boring was abandoned when the hard indurated 
saml was encountered. This association with indurated sand suggests that 
the deposits are older than those beneath the parallel dunes, that is, they 
antedate the +2-foot sea. In bore-line ],607S at 417W and in line 1,263S 
from 260W to 170W the deposits continue downwards below those on present 
b<'aches, to a minimum level of at least 6 inches below mean low water,. whi~h 
was the lower limit of boring. Thcy appear to indicate a shoreline at least 
3.5 feet lower than the present one. By analogy with similar deposits at Tugun 
which hav<, been bored to 2 feet below mean low water, and are hence at least 
5 feet lower than present-day beach .. '!cams, they have been termed the -5 ( ?) -foot 
Il<'posits. On the seaward side of these low·level deposits, in both bore-linrs 
the seams are at levels comparable with those in the" Wharf Road" bore-lillf'. 
The distinction Illade between the deposits on the basis of their relative levels is 
strengthened by marked differences in their compositions, which are shown below 
t he section of bore-line 1,2638. The deposits at +5-feet and -5 ( ?) -feet are 
extraordinarily high in ilmenite and low in zircon. 'rhelr possible derivation 
from Tweed Hiver sands is suggested earlier in a discussion of the mineralogical 
compositions of the deposits along the coa.<;t. Of the +5-foot deposits those 
between 450W and 310W lire noticeably higher in zircon and lower in ilmenite 
than the ones which preceded them, i.e., those to the west of thrill. This 
enrichmrnt in zircon has been shown to take place during an interval of stable 
sea level-in this case at +5 feet. The -5 ( ?) -foot deposits are also very high 
in ilmenite, and if the Tweed River has contribnted much of the hravy minrral 
this is consistent with the composition to be expected shortly after an pnwrg<'llcP. 

'I'he adjacent and overlapping deposits just d<,seribed show that sllcccssive 
shorelines have existed in approximately the same positions, at levels, with 
respeet to the present sea, of +5 feet, -3.5 feet or lower, and +2 feet. This 
near coincidence of the shorelines is not unexpected, because their- positions 
were all determined by the same headlands, North Nobby and South Nobby. 
I.Jandward<; from the heathland belt the surface level gradually falls until thp. 
low-lying Stephens Swamp is reached. At the time of the +5-foot sea this 
mnst have been a lagoon. 

At Palm Beach, the coastal dune belt is sncceNled on the landward side hy 
a long, narrow, northward-trending swamp, probably a former channel of 
Cnrrnmbin Creek. The northern part of the small coastal plain is madf' np 
of tidal sand flats in varying stages of reclamation by vegetation, progressing 
from salt-water couch and rush-like sedges to stands of 'swamp sheoak and 
papf'r-bark ti-tree. Farther south, the countl"y is sandy and supports a form 
of oprll forf'st dominated by scrub-box and black-wood, with an undergrowth 
of shrubs, yine, heath, bracken, and blady-grass. 
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Between Currmubin and Coolangatta the coastal plain consists mainly of 
heath land and semi-swamp, which has a surface level appreciably higher than 
that of the low-lying coastal plains. A low-level swamp a few hundred feet 
wide intervenes between it and the coastal dune belt. On its landward side 
the surface slopes away .slightly for some distance, and then abruptly in the 
vicinity of Cobaki Broadwater and nearby swamps. The section of bore-line 
5,257S given in Plate 13 shows mineral deposits beneath the beach dunes, and 
low-level deposits on their landward side, associated with indurated sand. In 
a bore a little farther north, these deposits continue downwards at least to 
2 feet below mean low water, where they are indurated and too hard to penetrate 
with the boring equipment that was used. The bottom level of these deposits is 
5 fert below thr bottom levels of the deposits on and near the present beach, 
and it is from this that the -5( f)-foot sea was deduced. No high-level deposit;; 
were found, but thry possibly occur in heathland belts farther inland. On 
general morphological grounds, and because it is indnrated, the heathland is 
regarded as an emerged bay-floor of the +5-foot sea, on which some low 
dune-ridges formed, probably as foredunes. The seaward edge of the 5-foot 
heath land shown in Plate 2 was the shoreline of the +2-foot sea, and the 
1]('llvy minerals at 1,280W and 1,160W were deposited by that sea. The shore
linc of the earlier -5 ( ?) -foot sea was at approximately 700W, and the deposit 
at 705W is to be attributed to the -5( n-foot sea. It can be seen that the 
+2-foot shoreline a2vanced a few hundred feet farther landward 'than the 
-5 ( ?) -foot shoreline, and the low-level mineral deposits became covered with 
quartz sand and heavy minerals at a higher level. As at North Burleigh and 
Burleigh the positions of thE' successive shorelines were approximately fixed by 
the same headlands. 

Minera.l Deposits. 

Deposits occur beneath portions of the beach dunes on all the beaches except 
Palm Beach, where they have been removed by erosion in recpnt years; in 
+ 5-foot heathland:;;; and in low-level (- 5 ( ?) -foot) scams adjacent to the 
seaward boundaries of the heathlandll. They are shown in plan in Plates 10. ] 1. 
and 12, and sections along some bore-lines are given in Plate 13. 

The beach deposits are richelit and thickclit at the northern ends of the 
beaches, particularly at Bnrleigh for some distance south of South Nobby, and at 
Tugun, south of the low headland at Flat Rock. They have been worked since 
194], and, notwithstanding seasonal regeneration during storms, the reserves 
on the beaches haye i;teadily diminii;hed. In 1950, Mineral Deposits Syndicate 
estimated a total approximate anllnal yidd of 2,000 tons of concentrate.'; in 
beach washings from the Spit at Southport, Broadbeach, North Burleigh, and 
Burleigh. Palm Beach was worked some years ago by Hutile Sands Pty.,. but 
erosion in recent years has removed most of the mineral, and caused the beach 
line to advance landwards until much of .it is now within the boundaries of 
private allotments. Deposits at the northern end of Tugun Beach, worked 
by Rutile Sanns Pty., have be('n repeatedly ·rrjuvenat('d by storms. 
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The sub-dune deposit<; are most extensive between Surfers Paradise and 
North Burleigh. They are richest and thickest within 300 to 400 feet of the 
beach, but the seams continue landwards for another 1,000 feet, becoming smaller 
nnd less' well concentrated, and separated by barren strips. Their changing 
composition in a landward direction-increase in rutile and decrease in zircon
has already been mentioned. 

Heathland deposits have been found at North Burleigh between North Nobby 
and South Nobby, and at Burleigh south of South Nobby. The -5( ?)-foot 
deposits occur at the same localities and -at Tugun, adjacent to the seaward 
margin of the heathlands. They probably consist in part of heavy mineral 
re-concentrated from the earlier + 5-foot deposits, and in part of renewed 
supplies made available as a result of the emergence. 

Mining Tenements. 

The leases and authorities to prospect at the timc of -tIH' investigation were 
as given below. 

Since then, some leases havc been relinquished, and other areas applied for, 
including the more landward deposits that are still a"ailablc for mining. 

> The Spit, Southport: 
D.C. 37. Mineral Deposits Syndicate, Southport. 
D.C. 33. Associated Minerals Pty. Ltd., Southport. 

Authority to prospect the Spit north of Portion 40 held by Mineral Deposits 
Syndicate. 

Main Beach, Southport: 
D.C. 36. Mineral Deposit<; Syndicate. 
D.C. 35. Mineral Deposits Syndicate . 

Broadbeach to North Burleigh: 
D.C. 22. Associated l\1inerals Pty. l.Jtd. 
D.C. 31. Mineral'Deposit<; Syndicate. 
M.L. 180. Mineral Deposits Syndicate. 
M.L. 181. Mineral Deposit<; Syndicate. 
M.L. Application 174. Mineral Deposit<; Syndicate. 

Burleigh: 
D.C. 23. Associated MineraL" Pty. Ltd. 
D.C. 15. Mineral Deposits Syndicate. 
D.C. 25. Mineral Deposits Syndicate. 
D.C. 26. Mineral Deposits Syndicate. 
D.C. 27. Mineral Deposits Syndicate. 

Palm Beach: 
D.C. 19. Mineral Deposit'> Syndicate. 
D.C. 20. Rutile Sands Pty. lAd., Currumbin. 
D.C. 21. Rutile Sands Pty. Ltd., Currumbin. 
D.C. 2IA. Rutile Sands Pty. Ltd., Currumbin. 
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Currumbin to Coolangatta: 
D.L. 3. l\Iessrs. Neumann and Casey. 
D.C. 16. l\Iineral Deposits Syndicate. 
D.C. 18. Mineral Deposits Syndicate. 
l\I.L. 171. Mineral Deposits Syndicatc. 
D.C. 17. Rutile Sands Pty. Ltd. 

Production. 

Before 1950 the total Queensland production of beach sands minerals came 
from depo.<;its between Southport and Coolangatta. Since then, a small propor
tion each year has been obtained from Nortl} Stradbrokc Islan<l. The production 
up to the end of 1952 i'l-

Zircon-66,414 tons. 
Rutile-63,828 tons. 

l\Ionazite produced since 1947 : 
In high-grade concentratp.<;-40 tons. 
In low-grade concentrates-371 tons. 

'l'he ilmenite in the concentrates has been di<,carded because it is too high 
in chromite to be marketed. 

The largest production has been at 13roadbeach and North Burleigh, but 
considerable qnantities have also come from Tugun and Burleigh, and lesser 
amounts from Palm Beach, Flat Rock Creek, l\Iain Beach, and the Spit. 

Reserves. 

Little of the remallllllg reserves are now available for mining. Between 
Surfers Paradise and North Burleigh up to 2,000 tons of concentrates per annum 
will probably be deposited annually on beaches for several years. At the time 
of the investigation about 50,000 tons appeared to be available in the sub-dune 
deposit<;. This was contained in the Broadbeach Recreation Area, the Crown 
Land at Broadbeach, and scattered small vacant allotments. Since the investiga
tion, about 20,000 to 25,000 tons of this has been mined in the Recreation area, 
D.C. 31, l\LL.'s 180 and 181, and private allotments. Other allotments have 
been built on, and by 1953 little more than the relatively low-grade landward 
depo.<;its remained available. 

At Burleigh a total of a few thousand tons will probably be obtained over 
a period of several years from beach wailhings, and several thousand tons from 
deposits below the dunes east of the Esplanade. No heavy mineral now appears 
to be available at Palm Beach. The Flat Rock Creek deposits have been worked 
on a small scale for several years, and are probably replenished to some extent 
during storms. At Tugun, beach washings should provide a total of a few 
thousand tons over a period of several years, and portion..<; of the low-level 
deposits are in non-improved ground. \Vork on these has been started by 
1\:[ineral Deposits Syndicate since the investigation. Thrse deposits were not 
intersected in bore-line 3,717S, and it is assumed that they occur between bores 
559'V and 1,080W. This should be tested before the estimate of tonnage given 
in Table 31 can be regarded as proved. 
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TABLE 31.-RESERVES OF REA VY MIXERALS AND DIMENSIOXS OF DEPOSITS BETWEEX SOUTHPORT AND COOLANGA'rrA 
SOUTHERN QUEENSLAND. 

],ocnllty. 

Dimensions of Deposit. 

Length. Area. 
A veraj,(c A ve.ragt· 
Wlelth. ThICk· 

ness. 

Vol
ume. 

Overlmrden. 

Average 
Thick
ness. 

Vol
ume. 

-----------------------

~urferH Pnrndlse to North Bur
lell(h-

Wharf-rond to Peerless-
avenue 

1)eer)e8K~a\'enue to North 
Nohhy .. .. 

North Nohhy to South 
NohhyU 

llurlell/h-II 
W pst of ](8pl&n"de from 

South Nohby to 1,730 ft. 
Houth .. .. 

};nst of };splanade, 1,400 ft. 
to 2.000 ft. south of South 
Nohhy .. .. 

PAlm lleaeh . . . . 
I'lnt Rock Creek. . . . 

Tuuun- I 

Hench and DuneR 
J.A'H\''' I ... evel ))ep0l'llt,-r·· 
};,ll(e of henthillnel 

}'eet. Sq. ft. Feet. Feet. Cu. yd. Feet. Cu. yd. 

8,500 764.000 

7,200 66i,OOO 

2,800 105,000 

1, i30 i2,2oo 

600 11,200 
10,400 186,000 

1,300 22,400 

5,257 115.000 
5,450 128,000 
1,500 25,000 

825 

855 

321 

430 

200 
161 
15i 

196 
219 
150 

2.0 520,000 

2.7 596,000 

4.5 160,000 

5.0 122,000 

12 0 46,000 
3 3 206,000 
5.9 44,400 

2.5 95,000 
6.3 269,000 
2.25 19,000 

8.5 2,1 i3,000 

6 0 1,371,000 

6.8 

7.3 

Nil 
4 2 
2.9 

7.3 
5.0 
7.1 

2H,000 

1 i3,000 

Nil 
263,000 
21,400 

281,000 
211,000/ 

60,000 

COml)()~itlon .• Total ~lInerlll.t 

Tons. Tons. TanH. TOIlR. 

3i .8 

3i .6 

41.0 

33.2 

4 •. 0 
41 
40 

42 
27 

42,000 34.>:! 

34,800 35.3 

9,400 33.0 

;,600 24.2 

1.600 31 
18,900 :)6 

2,850 3i 

38,iOO 24.2 

32,iOO 24.2 

i,500 20.0 

5,500 41. 9 

1,100 21 
16.~00 23 
2,000 23 

20,000 

5,900 

0,600 

700 
10.500 

1.(150 

0.5 

0.5 

O •• 

0.7 

1.1 
0.5 
0.5 

9,600 32 •. 300 25 5,iOO 0.5 
10,000 27 10,000 46 1.,000 ? 

Not determined. The eoncentmtes lire prohllhly hll(h In 
ilmenite and low In zir<:oH 

5iD 111,200 

450 92,600 

160 23,000 

100 22,900 

40 3,400 
250 47,100 

40 7,250 

110 22,800 
? 37.300 

1,800 

479 

341l 

304 

422 

liO 
513 
366 

530 
310 
213 

• After BeparatinJ,( from quartz sand, and ncgiectinJ,( "other minerals" sm:h as garnet, tonrmaline. and chromite which form minor proportiollh of the concentrates. 
t Indudlnl( 11 small proportion of the .. other minerals" mentioned above. t };.tlmate of 10.000 tonb for low-Ie,'el del'".lt., included herewlt.h. ha.ed Oil IlIndequ",e horilll(. 
i Overall composition a~Hmmed to he t.hat of heach and dune deposits, and proilahly too hiJ.th in zircon. II Nearly nil Imilt 011 or otherwiBe Improved: only IH,rtiollH of area 
tet\tecl. ~ P08sthle reserves; Reg note In text at. end of this section. •• Assumed to ha\'e COlli position reported hy llinernl l>epositK Syndh'nte for (lepohit worked at 
Toole"" 8t. 



TWEED HEADS TO POTTS POINT. 

l nil'od1lcNon. 

The dune belts in the area from Tweed Heads to Potts Point are largely 
free of buildings and other ImproYements, the only extensive settlements being 
the villages of Kingscliff,. north of Cudgen Head, li'ingal, a short distance 
north and south of Fingal Point, and Cudgera, south of Hastings Point. Access 
to Fingal Point and to Cudgen Head, north of the creek, is by way of bitumen 
roads from the Pacific Highway, a run of about 3 miles in each case. A track 
partly metalled continues north of ~~ingal Point for about ;\ mile, but beyond 
this Letitia Spit is trafficable only to 4-wheel-drive vehicles. 'l'he areas south 
of Cudgen Creek can be reached by a metalled road from Cudgen village to the 
bridge about 2! miles from the mouth of the creek. Thence, ',<;and tracks lead 
northward to the sandspit opposite Kingscliff and southward to the village of 
Cudgera at Hastings Point. From there a metalled road runs \'ia Pottsville to 
the village of Mooball on the Pacific Highway. 'l'he nearest railhead is at 
Tweed Heads, which is the terminus of the Queensland south coast railway. 
The New South Wales north coast railway passes through Mooball and 
terminates at Murwillumbah, which is 9 miles 011 a ~lirect line to the north-west. 
Murwillumbah is also on the Pacific Highway and can be reached by driving 
southwards from the Cudgen area. The sand track leading from the bridge 
acro;lS Cudgen Creek is very heavy in dry weather, and at times is suitable 
only for 4-wheel-drive vehicles. Beach-sand mining has been carried On by 
three operators on and near Cudgen Beach. Titanium Alloy Manufacturing 
Division of National I,ead Co., whose plant is opposite the creek bridge a 
few hundred feet from the beach, have been mining the beach since 1941. 
Tweed Rutile Syndicate, whose plant is a mile farther north, have been 
mining deposits beneath the foredune; and Cudgen R-Z, in 1950, began treating 
concentrates from the northern end of the beach, in a plant near the creek 
mouth opposite the village of Kingscliff. Outside the Cudgen area, a . little 
mining was done by Porter and Derrick in 1939-40 immediately south of Fingal 
Point, and Mineral Deposits Syndicate started work. 011 G.L. 2 a mile farther 
south during 1951. 

Physiogmphy and Geological Background. 

A plan of ·the area is given in Plate 3. Features of interest are the 
marked northward deflection of creeks and rivers, evidence of erosion of dunes 
north and south of Fingal Point, the wide belt of parallel dunrs and associated 
mineral deposits behind Cudgen Reach, and the oecnrrence of remnants of 
probable +10-foot heathlalld near Norries Head. 

On I..Jetitia Spit, shown in Plate 14 011 a scale of 1,000 feet to 1 inch, 
a dune belt 150 feet wide and 20 to 25 feet high stretches unbroken along the 
entire length of the ocean beach. Another well-marked clune ridge of about 
the same width runs northwards from about borp-line 5,000S to the southern 
boundary of G.h 3, where it t!'rminates abruptly near the edge of a 
lagoon. The northern extension of this dUlIe has presumably been washed away 
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by the Tweed River when the river occupied a channel marked approximately 
by the lagoon. A prominent dune in the southern part of the area crosses 
bore-line 00 at 400W, trending north-westerly. and ends abruptly ahout 300 feet 
south of the 750N bore-line, near the nearby lagoon .. This is probably the 
southern end of another lagoon that has been formed by river erosion. The 
dune belt between Fingal Point and Cudgen Head (Plate 15) shows similar' 
evidence of erosion. Between bore-lines 1,5008 and 9,0008 it is much narrower 
than elsewhere and is fringed .by lagoons on the landward side. Dune ridges 
several hundred feet inland from the beach occur at both the northern and 
the southern pnds of the fll'l..'ll. They have the curved outlines of former 
foredunes, and probably were at one time continuous, but the middle portion 
has apparently becn eroded by the Tweed RiYer. The river bank in this ar£'a 
is now stabilized by a stone training wall, but it must have encroached as far 
as the beach dunes during earlier flood periods. It is very likply that the river 
formed an outlet to the sea a few hundred feet south of the 6,0008 bore line. 
The crest heights of the dunes there are much lower than 20 fept, wlwreas on the 
7,5008 line the c,est height is 38 feet and on the 4,5008 line it is 36 feet. 
This dune erosion north and south of Pin gal Point moved large volumes of sand 
and probably also considerable deposits of heavy minerals. Thpy may have 
been deposited along the coast farther north. 

The dune belt behind Cudgen Beaeh (Plates 3 and 16.) is up to 1,600 feet 
wide and eontains as many as fifteen lines of dunes. The highest dune, that 
farthest inland, has a crest height of about 50 feet. The foredune adjacent· to 
the beach is nearly as high, and apparently each reflects a long period of stable 
shoreline. The lcvels of the mineral seams beneath thc dunes have already been 
discussed., An area of heathland showing the familiar curved trend-lines exists 
in the coastal plaiIJ. i mile to 21 miles inland. It has not been examined 
but is thought to have originated as tidal flats and beaches of the +5-foot 
sea. If so, mineral deposits of the later -5 ( ?) -foot sea may occur near its 
seaward margin. 

The foredune and the inland area between Norries Head and Hastings 
Point (Plates 3 and 17) have been h'sted partly by Zinc Corporation (Donaldson 
and Stuart, 1948) and partly by Alluvial Gold Ltd., and the beach by the 
Bureau of Mineral Resources. The levpls of the bores put down by the 
companies are not accurately known. Estimates have been made; for bores 
put down by Alluvial Gold Ltd. they have a probable error of about 1 foot; 
tho-se made for some of Zinc Corporation's bores may be several feet out. 
The sections given in Plate 19 show that the surface rises to an unusually high 
level from about 800 feet landward from the beach. The sand is indurated at 
some depth below the landward foot of the foredune, and the top of the 
indurated layer rises to a higher level at about the locality where the surface 
level rises. The mineral deposits beneath the beach ana foredune have a lower 
level approximately the same as those in other coastal dunes, and it is safe' to 
say that they were deposited by the sea at the time of the +2-foot level, VI' 

rlurjTlg the recession from it. Immediately behind the foredune, and in part 
\ 
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overlain by it ana by some of tllP +2-foot gpams, ar.! other deposits that go 
down below sea level. As mpntioned aboyp, the levels of these bores are 
only wry approximately known, and it is not possible to state how deep these 
low-level deposits go, .but thpy are clearly to be correlated with the -5 ( ?)-foot 
deposits of Tugun, Burleigh, and North Burleigh. The +2-foot seams may 
occur up to 300 feet inland from the fore dunes. They are succeeded by others 
that go down into indurated sand, such as those at bores 7, 7 (a), and 8 in 
bore-line Z15. The bores did not get to the bottom of these deposits, presumably 
because the indurated sand was too hard, and hence their lower levels are not 
kno,,-n. Furthermore, the collar levels as.'mmed for the bores are only rough 
estimates. It is likely, however, that these seams were deposited by the +5-foot 
sea. As in the areas investigatpd farther north, the shorplinPs of the +5-foot, 
-5 ( ?) -foot, and +2-foo1 seas are nearly coinridpnt. A !lighly eoncentrate(l 
seam nearly 2,000 feet farther inland, interspctpd by borp C in lim' A121, at 
12 to 22 feet above mean low water, is probably a remnant of a +10-foot 
deposit. 'fhis snggpstion is strengthened by the OCCUlTPncp of gravel or pebblpR 
at an pleyation of +6 feet in the adjacent bore B. 'l'he dl'posit at bore C is not 
indurated, although the sand 2 feet below it is. The groundwater srpping to 
the swamp west of it and thence to Cudgen J.Jake has probably leached the 
cementing material from it. A dpposit 2{ miles inland betwpen Evans Head 
and Broadwater, near the western edge of a broad belt of heathland, resembles 
this one in being composed mainly Qf loose sand. It has probably been leachrd 
by ground-water seeping towards the adjacent low-lying country around the 
Richmond RiYer. 

From Hastings Point to Potts Point a belt covered by heath and low shrubs 
occurs between the road and Cudgera Creek. Near its northern end it is 
indurated at a depth of 15 feet or more. It is possible that this belt was 
formerly more extensively indurated, but has been leached by ground-water 
draining to the creek. The section of bore:line 6,000N (Plate 18) shows a 
well-concentrated deposit at 7HOW to 800W. This may go down to a greater 
drpth below the level of induration, in which case it could be a +5-foot deposit, 
or it may have been dpposited by the +2-foot sea on an eroded surface of 
indurated sand. 

Deposits. 

South of Fingal Point, deposits of heavy minerals arp found on the beaches 
fOt" varying distances beneath the dune belt in each area, and in the heathlands 
near Norries Head. Betwfrn Tweed Heads and Fingal Point (Plate 14) they 
occur beneath the clune.,; from about 2,000 feet south of the llorthrrn end of 
Lrtitia Spit almost to Fingal Point. The principal drposit is continuous over 
this distance and is within 20 to 400 feet from the upper rdge of the beach. 
No appreciable quantitirs were found on the brach. Discontinuom; deposit~.; 
occur from abollt 400 frrt to 800 feet west of the beach. Those in line 9,000N 
to 7,500N are mainly due to concentration or re-sorting by the wind, and occnr 
IHm;tly as low artiyc dnnrs or portions of dunes. The prin~ipal clrposits near 
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the beach occur within limits of +3 feet to +11 feet above mean low water, 
and in places lower-grade wind-blown concentrates ~ontinue upwards from 
them into the dunes to a height of +21 feet. In the low-lying western part of 
the 8pit lower-grade deposits continue down to 2 feet below mean low water. 
These were probably concentrated or resorted by currents in the shallow eastern 
part of a former channel of the river. 

From Fingal Point to Cudgen Head (Plate 15) deposits occur on the upper 
part of the beach and for a short distance beneath the dunes from the northern 
end to bore-llne 11,2508 and from 13,9758 at least to 20,3908, which was thc 
southern limit of boring. The area beyond this was occupied by a camping and 
recreation reserve, and was not tested. The gap in the deposits is consistent 
with the supposition that the Tweed River broke through to the sea a short 
distance south of 6,0008 .. By the time the river mouth became barred, the 
beach for some distance south of 6,0008 must have been embayed. Heavy 
minerals may have been transported northwards from the southern end of the 
embayment, and arrested near the northern end, near the 6,0008 line. 

The deposits on the beaeh and beneath the dunes between Cudgen Heau 
and Norries Head (Plate 16), more extensive than any others on the mainland 
coast, have been discussed already, particularly in connexio~ with the distri
putiQn of tfi~ heavy minerals in a landward uirection. The seetion of bore-line 
2,000N (Plate 16) shows, as do the sections in the Broadbeach area, that the 
deposits farthest inland are at a slightly greater elevation than those on and 
near the present beaches. The lower level of the high-grade deposits from the 
beaches to about bore 400W ranges from +3.5 to +4.5 feet. At 120E a lower
grade concentrate was obtained down to +2 feet; but this was a 3-foot sample, 
and the heavy mineral may have come from near the top of it. From 1,240'W 
to 1,520W the lower level is +6.5 feet, suggesting an emergence of at least 3 feet, 
and from 800W to 1,000W it is +5.5 feet, suggesting that the emergence was in 
two stages. Inspection of sections of all the bore-lines indicates, as do those 
at Broadbeach, that the most landward of the deposits beneath the parallel 
dunes are no more that 2 feet and no les3 than 1 foot above the seaward 
deposits. It has been suggested already that low-level deposits may occur about 
! mile inland near the seaward edge of the heath land in the Cudgen Beach 
area. No testing has been done there. . 

Between Norries Head and Hastings Point (Plates 17, ] 9) thick and highly 
concentrated seams occur on the beach and beneath the foredune, and other 
rich seams of both the +2-foot and the -5( ?)-foot deposits occur on its landward 
side. They have been mentioned in the description of the geological background 
of the area, as have also the remnants of the older seam, probably at + 10 feet, 
farther inland. 

From Hastings Point to Potts Point (Plates 18, 19) thick and highly 
concentrated seams occur on the beach and below the seaward half of the 
foredune. A small deposit or remnant of a former deposit occurs about 700 
fect to the west, but, as noted in the dcscription of the geological background" of 
the area, its origin is uncertain. " 
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Mining Tenements. 

The holders of leases and special lease applications are as follows :
Tw€ed H€ads to Fingal Point: 

G.L.3. Cudgen R-Z. 
Special Lease Application

No. 125. Cudgen R-Z. 
No. 144. Tweed Rutile Syndicate. 
No. 149. Tweed Rutile Syndicate. 

Fingal Point to Cudgen Head: 
M.L.I. A. J. Knowles. 
MJ.J.2. Tweed Rutile Syndicate. 
M.L.4. Tweed Rutile Syndicate. 
G.L.2. J. Cooley. 

Special Lease Applications No. 148, 157, 158, 159 were held by Tweed Rutile 
Syndicate. 

Cudgen Head to N orries Head: 
M.hI. Tweed Rutile Syndicate. 
M.L.2. Titanium Alloy Manufacturing Division, National Lead Company. 
G.h9. Titanium Alloy Manufacturing Division, Nation~l Le,ad Company. 
G.Il.15: Tweed' Rutile 'Syndicate. 
'G.L.17. Cndge1\ R-Z. ' 
G.L.18. Cudgen R-Z. 
G.L.20. Cudgen R-Z. 
Special I.Jease Applications"'""-

No. 102. Cudgen R-Z. ' 
Nos. 110, ] 11, 112. Tweed Rutile Syndicate. 
No. 147. Titanium' 'Alloy. Manufacturing Division,' National Lead 

Company. 
Dredging Lease A pplica tions-

Nos. 121, 122. J. A. Watson; 
Nos. 130, 131, 132. E. 'C. Clagton. 
Nos. 133, 134, 13~. 'E.:'C. Clagton. 
Nos .. 136, 137, 138. 'E. C. Clagton. 

N~~rjes Head .to"H'astings Point: 
, '0.);.9. Tita~ium Alloy Manufacturing Division, National Lead Company. 

G.h] 3. Zircon Rntile Limited. 
G.L.16. Cudgen R-Z. 
Special I.Jease Application No. 105. Cudgen R-Z. 

Hastings Point to Potts Point:, ' 
, G.L.6, 7, 8, 10,12, 14. .Metal Recoveries Proprietary Limited. 

POTTS POINT TO ~RUNSWrcK HEADS. 

Introduction. 

The beach and' dune-h€lt within which the deposits occur are practically 
devoid of buildings and other improvements, except at New Brighton. cThis 
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allows almost unrestricted working of the deposit'>, but it also entails some 
d.ifficulties of access. Gravelled roads run to the beach from the villages of 
Mooball and Crabbes Creek, which are on the Pacific Highway, a few miles west 
of the beach, and a bitumen road runs from the highway to New Brighton. 
Transport is practicable with a four-wheel-drive vehicle along parts of the dune 
belt, but at the time of the investigation much trayelling had to be done on the 
beach. The New South Wales North Coast Railway runs northwards a few 
miles west of the beach, near the highway, .and railway stations are situated at 
M:ooball and at Crabbes Creek. 

Physiography and Geological Background . 

A map of the area is given in Plate 4, and plans and sections in Plates 20 
and 20A. The area is fringed by a narrow belt of dunes and a beach 10 mileij 
long compri'>ing Mooball Beach, Crabbes Creek Beach, and New Brighton Beach. 
The narrow coastal plain is low lying and much of it i:-; swampy. A sand ridge 
several feet above the swamp level runs southwards from Pottsville for about 
Ii miles and another crosses the Crabbes Creek road about ~ mile from the beach. 
A sinaJI s/!nd-flat str~tching westward from Pottsville is indurated at depth and 
may be a remnant of a + 5-foot heath land. 'l'he sand belt that crosses the 
Crabbes Creek road may be a similar remnant, and if so, low-level deposits of 
heavy minerals' may occur a little to the east. 

The dune belt is low and narrow, and presumably has been eroded on its 
seaward side. Mooball Creek has been continually washing sand away from 
its northern end, thus facilitating a steady northward migration of sand along 
the beach. It is quite possible that the beach and the eastern edge of the dune 
belt .formerly ran a little farther east, out to Mooball Rocks. 

Mineral Deposits. 

Plans and sections of the deposito;; are given in Plates 20 and 20A. Seams 
occur in the upper part of the, beach and 'beneath' the dunes along their entire 
length, except for a half:~i'le ·'harren stretch from: .. ~ 'milet.o I mile north of the;_ 
Brull.<;·wick River moutli::- The lower levels of the seam.'> are at about m-ean' ~c-a : 
level except in five ~f the 54 bore-lines, where heavy minerals have been re~ord~;d 
below mean low water. Some of these may be due to faulty logging of boreholes, 
but others are probably correct. Thus in the westernmost. bores in lines 1,400N 
and 23,000N heavy mineral has probably been deposited in a channel of Mooball 
Creek, and in lines 28,000N and 29,OOON it may have been deposited in ticlal 
chaimels at the end of a spit. There is no obvious explanation for the occurrence 
of heavy minerals down to 1 foot below mean low water beneath the upper 
part of the beach on bore-line I8,OOON. 'The richest deposits are on and near 
Mooball B~ach, from Mooball Rock'i to approximately 2 miles south. The flexure 
of the bel.lch opposite Mooball Hocks suggests' that a mass of consolidated rock 
beneath the sand has checked the northward migration of the heavy minerals. 
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~[ining Tenements. 

Mining leases are held as follows:-
G.L. 6, 7, 8, 14. Metal Recoveries Pty. Ltd. 
G.L. 2, 19. Cudgen R-Z. 
Spccial Lease Application No. 129. Cudgcn R-Z. 

Production and Reserves. 

Deposits on New Brighton Beach and Crabbes Creek Beach and sub-dune 
deposits near Crabbes Creek Beach have been worked since 1942 by l\Ietal 
R;ecoveries Pty. Ltd., of Mooball. Production to the end of 1952 totalled 
approximately 16,900 tons zircon and 12,300 tOllS rutile. The monazite has been 
discarded in tailings'. 

The reserves of heavy minerals and dimensions of ueposits and overburden 
are given in Table ;J2. The deposits are practically all available for mining. 

The distribution of the totlll tonnage on and adjacent to Moo ball Beach, 
Crabbes Creek Beach, and New Brighton Beach is shown in Plate 4, and thc 
average compositions in these localities are given in T.able 17. 

BRUNSWICK HEADS TO BUOKEN HEAD. 

Introduction. 

This stretch of coast, shown in Plate 5, includes a 10llg beach and dune belt 
and low-lying coastal plain from Brunswick Heads to Cape Byron, and a shorter 
beach, Tallow Beach, from. Cape Byron to Broken Head, backed by compara
tively high dunes and by heath lands. Access to the area north of Cape Byron 
is gained through private property just north of the mouth of Belongil Creek. 
Thence, four-wheel-drive vehicles can be used on a track along the dune area: 
Tallow Beach and the_dunes south of Cape Byron can be reached by a sand tracl, 
that turns eastward from the bitumen road jU'it south of the town of Byron Bay. 
Except in the vicinity of Brunswick Heads t.he beach and dunes are in unim
proved land. The area north of Byron Bay was tested by the Burcau of Mineral 
Resources, and Tallow Beach and the adjacent dunes by Zircon Rutile Ltd., of 
Byron Bay. 

Physiofjl'aphy and Geological Backg1·01lnd. 

Between Brunswick Heads and Cape Byron the dune belt i., narrow and 
rises to little more than 20 feet above meaI'l low water. Erof;ion on its seaward 
R,ide has formed a sand-cliff at the top of the beach, which differs in two respccts 
from those seen farther north: the uniform horizontal stratification indicative 
of deposition in water reaches higher up the cliff face; and the sand, although 
not cemented, i<i noticeably firmer. ' 
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TABLE :J2.-RESERVES OF HEAVY MINERALS AND DIMENSIONS OJ!' DEPOSITS BETWEEN TWEED HEADS AND BRUNSWICK 
HEADS. NORTHERN NEW SOUTH WALES. . 

Dimensions of Deposit. Overburden. Composition .• Total )lInerai. t 

I 
T~jwnllty. 

Zircon. Rutile. Ilmenite. Monazite .• 
Average Average Gmde 

Length. Aren .. Overnll Thlck- Vol- Thlck- Yol- Weight Ib./ Width. ume. lime. Tons. ness. neS8. o' Total 
% 

Total 
% Tota 

~;., 
Total cu. y(t. 

10 Weight .. Weight. Weight. Weight. 

l~'eet. Sq. yd. Feet. }'eet. Cu. yd. Feet. Cu. yd. Tons. Tons. Tons. ']'008. 
Tweed Heads to }'In!!al J'olnl ... 9,000+ 343,000 187 2.25 290,000 i .3 497,000 49 23,150 29 13,250 22 10,200 0.6 285 47,300 364 

4,600 
}'inltnl Pullll. 1.0 Cudgcn Head .. 11,250+ 362,3001 18i 2.25 284,000 7.3 886,000 46 26,500 32 22,300 21 14,000 0.7 3:10 63,600 r,02 

H,415 
(juciJ,{cn Head to Norrles llc.!ul 211,400 2,445,000 834 3.8 3,122,000 11.2 \),134,000 42 260,000 36 223,000 22 136,000 n.5H 3,500 640,000 450 
Norrie!'! Heml to Rnstlnj.!:ti 

jJoint-
EsUmu.tcd hy Zinc Corp, for 

Apeelal lease No. 68 (G.I •. 
I a) and foredune to line (G.L.1:1) 
~Ui .. 1,90n§ 131,000 620§ 2:J§ 1,000,000 Nil Nil 4i 61,200 31 39,000 22 20,300 0.1 40 1:13,000 2\1\) 

nm",h t~"ted by il;,reau .. 7,000 114,000 14H 3.6 137,000 6.0 2:Jl,OOO 61 14,300 29 x,200 19 5,200 0.8 210 28,600 467 
~-\l'eu. bet,wecn heach nIHl 

"peclnl lease No. 6H south 
to hore line Z67 4,700 63,700 121 17.7 375,700 '; .2 151.900 Not (let.erlllinen ; prolm.hly similar t.o bcach (lOnccntmr,cs 49,200 2U~ 

1111"0(1 (Ieposlts tll.teci hy 

I .llluvl,,1 (Joh! r.t.d.~ .. 1)00+ 244,800 580 23.6 1,928,000 Nil Nil 39 19,500 41 20,400 19 9,600 0.4 200 61,000 r}o 
2,900 

Jlustlllll" Poinl, t.o PIlttR Point ~,OOO 165,100 186 4.2 229,700 10.8 593,300 48 38,000 32 

I 
24,800 19 15,400 0.7 570 80,100 j8l 

Potts Point t.Il llrnnswlck 
Hen(l. .. .. .. 48,000+ 856,900 154 3.0 867,600 4.6 1,316,000 43 81,600 36 68,200 21 39,300 0.6 1,140 193,iOO r.oo 

2,000 

• After separating from quartz sand, and neglecting .. other minerals" such as garnet and tourmaline which are present In minor proportions In the concentrates. 
t lnchuilng u smail proportion of I.he .. other minerals" mentione(l above. ~ Composition of limited nnmOOr of samples. § Approximately. 



The deposits on the present beach are generally at about the same level 
as those on other beaches; for example, in bore-lines 13,000N, 12,000N, and 
6,000N shown in section in Plates 21 to 21B. In bore-line 11,000N the .deposits 
are shown at exceptionally low leveL'S, but -the low level recorded for the ground
water points to an ('rror in levelling. This is probably true also at 14,000N. _ Near 
the end of the spit the deposits are at a low level, but this has been observed to 
occur in similar environment'S on other parts of the coast, e.g., near the end of 
th{' Spit at Pottsville. The deposits in the dunes, immediately west of the 
cliff face, are at a higher level. This is seen in, for example, 13,000N, 12,000N, 
and 6,000N, and 2,000S, 3,0008, and 4,0008. The lowest level of the highly con
c·_'ntrateJ seams is +5 f{'et, in bor{'-line 12,000N. A 3-ft sample containing 
lower-grade mineral went down to + 3 feet, but the mineral probnbly occurred 
in the upper part of it. The higher lev{'l of the deposits and of thl' horizontal 
stratification in the sand-cliffs suggests that these dunes correspond with the 
most landward dunes near Cudgen Beach and Broadbeach; that i<;, that they 
were formed at the time of the + 2-foot sea. '!'he dune belt thus appears to be 
a r{'mnant of a former belt whose eastern part has been eroded by the sea. 
Undoubtedly the -transport of sand by the ~runswick River seaward" from the 
north{'rn end of the dune belt has been a major factor contributing to this erosion. 

The coastal plain is mainly low lying and much of it is swampy. It 
contains narrow sandy belts about t mile from the beach in its southern portion 
and north and south of the basalt spur 2 miles south of Brunswick Heads. 
The country is swampy on either side of them, to east and to west. The only 
one that has been investigated is thl) sand ridge that forms the "'l'yagarah 
Area" of Plate 21A. It is indurated flt some depth beneflth the flurface, and 
contains deposits of heavy minerals over at least ],900 feet from its northern 
end. -When the boring was done, the datum for levels was high-water mark in 
the river bank nearby, which was assumed to be at mean high-water level, that 
is, 6 feet above mean low water. 'l'his figure may be a little low, and if so the 
levels shown in sections should be raised a little. The level of the deposit'> 
in the sand-spit is not clearly defined by the work that was done. In bore-line 
00 they appear too low to be regarded as depo.,;its of the +5-foot SC'fl; but this 
is not certain. The sand ridge may haye developed 11S a spit; and, l-lS seen -Oil 
the present coast, heavy minerals at the northern ends flnrl on the landward 
sides of spits may be dCIJOsitcd in channels below mean low-water lew1. . 

The dunes and coastal plain behind Tallow Beaell fire ~heltere(l from 
sea-erosion by massive headlands. The divide between the eastward and the 
westward drainage in the country back from the beach and dunes -is close to 
the scarp that forms the landward boundary of the coastal plain, and little 
rain-water drainage flows into the 'fallow Beach area. Undcr these conditions 
of minimum erosion the dunes and heathlands, at least those north of Tallow 
Creek, have been better preserved than on other parts of the COH.'lt. The 
creek has eroded much of the south-ea~tern part of the area. 

'l'l!e dune belt adjacent to the beach was bored and sampled by Zircon 
Rutile Ltd. The surface levels at the bore-sites were estimated on the basis of 
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a contour survey done by the Bureau of Mineral Resources, but the exact 
positions of the bores are not known, and errors of several feet could be made 
where the slopes are steep. Sections have been drawn along the bore-lines, and 
two of them, for bore-lines BB and F, are shown in Plate 22. The section 
along bore-line BB shows the typical levels of the deposits beneath the dunes, 
except at bore 3, where obviously the level has b~en under-estimated. As 
would be expected, they indicate that the deposits were formed during the 
interval of the +2·foot sea, or the recession from the level. 

Immediately west of the dunes are low-level deposits similar to those near 
Norries Head. Examples are bore 7, and probably bores 8 and !J, in line F. 
Decause of the uncertainty of the bore levels, their lower limit in depth is not 
known. It is apparent that here, as at Norries Head, Tugun, Burleigh,. and 
North Burleigh, the +2-foot ~ea has transgressed landward a short distance 
beyond the shoreline of the -5 ( n -foot sea. The +2-foot shoreline is marked 
approximately by the landward edge of the swamp behind the dune belt. At 
about the latitude of bore-line BB, a hole dug into the bank overlooking the 
swamp showed that the sand beneath is indur!lted. A sample of low-grade 
heavy mineral (about 2 ·per cent. by weight) obtained from the indurated sand 
is much higher in rutile than that in the seams farther east. Its composition 
is quoted in Table 18, and in Table 29 in connexion with the distribution of 
minerals in +5-foot heathlands. The indurated sand extends southwards as a 
large area of heath land, but its northern portion is covered by irregular sand 
dunes. By analogy with the similar areas farther north, it is regarded as a 
+5-foot heathland. This conclusion is reached on morphological grounds only: 
no boring has been done in the heathland. Some of it may have been 
contemporaneous with the +10·foot sea. The irregular dunes overlying it, 
northern part were evidently transgressive dunes formed during the recession 
of the sea from the +5-foot to the -[)( n-foot levels. Similar dunes cover 
the heathlands at Norries Head, and dunes covering the basalt near Cudgen 
Head, on the north side of Cudgen Creek, probably had the same origin. 

Mineral Deposits. 

The deposits have already been mentioned in the notes on the geological 
background of the area. 'l'hose between Brunswick Heads and Cape Byron 
are shown in Plates 21 to 21B; those in the Tallow Beach area in Plate 22. 
Their dimensions are givell in Table 33 (p. 92). For Ii miles south from 
Brunswick Hea(ls seams occnr mainly in the upper part of the beach and 
beneath the seaward slope of the foredune. Thence to 2 miles south they are 
found on the beach only. After a half-mile barren stretch, beach seams, 
thin and narrow, occur again from 2-t miles to 5-} miles south. These 
concentrations appear on the beach during storms, but the greatrr part of them 
is probably washed back into the sea. A small deposit occurs in the" Tyagarah 
A rea" .J- milp west of the beach and It miles south of Brunswick Hpads. It is 
uescrihe<1 in the preceding section. 
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Thick, highly concentrated deposits occur on Tall~w Beach and beneath 
the adjacent dunes, from Cape Byron to the mouth of Tallow Creek. They 
have already been described. The cO)1centrates from the low-level seams 
obtained from the bore-holes were not kept separate from those of the overlying 
+2-foot deposits and it is not known whether they differ in composition. The 
proportion of zircon decreases in the most landward of the deposits, but this 
l:ould take place in deposits of the +2-foot level, as it does at Cudgen and 
Broadbeach. 'rhe heathlands have not been bored, and it is not known whether 
any deposits occur within them apart from the sample of low-grade concentrates 
obtained near bore-line BE. . 

Mining Tenements. 

I.eases and special lease applications are held as follows;
Brunswick Heads to Cape Byron; 

G.L.l. Zircon Rutile Ud. 
l\LL.4. Zircon Rutile I..Itd. 
Special Lease Applications 43, 46, 47. Cndgen H-Z. 

Cape Byron to Broken Head; 
G.L. 2, 3, 4, 6. Zircon Rutile Ijimited. 
M.L. i>. Zircon Rutile I..Iimited. 

P}'oduct ion and llesel·ves. 

'fhe deposits between Brunswick Heads and Cape Byron have not yet been 
worked. At Tallow Beach Zircon Rutile Limited started working the beach 
and sub-dune deposits during 1949, concurrentfy with beach mining at Seven 
Mile Beach. Production from 1949 to ,the end of 1952 has been approximately 
27,200 tons zircon and 19,700 tons rutile. The greater part of this has come 
from the Tallow Beach area. The company has produced in the same period 
14fi tons of concentrates averaging more than 90 per cent. monazite. 

The rf'serves of heavy minerals and dimensions of deposits and of overburden 
are givf'n in ~able 33. "rhey are practically all available for mining. 

BROKEN HEAD TO LE~!,;OX HEAD (SEVEN MILE BEACH). 

f Tit I'oduction. 

A plan of the area is given in Plate 6. Access to Seven Mile Beach can be 
obtained at the northern f')HI 0\'('1' a well-made road from Byron Bay to It 

st'paration plant of Zircon Rutile Limited, aud near the southern end of Lennox 
Iff'ad yillagt>. The inland df'posit, No.4 of Plate 6, is in swampy terrain. A 
::I'Hvf'lINl road from Lennox Head to Byron Bay runs northward about ~ mile 
from the bf'Heh, but the tra('k If'ading- off to the deposit is in part sandy and 
pal·tly nnder water in ,,'f't wf'ather. Thf' Pacific Highway is about 4 milfs from 
the beach, and ean bl' I't>aehed by a road T'unning wt>stwards from Jjennox lIea(] 
Village. 
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Topogl'aphy and Geologica' lJaCkf/I'Olfllcl. 

A brarh, cOlllpal'atively short, although larger than Tallow Beach, extends 
between two prolllinent headlands, the southern one being an "island" of 
basalt that rises from S\\"iunp. The coastal plain is marked by mmierous ar.cuat.e 
low sand belts, pi'obably forlller foredunes, up to a mile and a half inland, that 
alternate' with narrow helts of swmnp. These are succeeded on the landward 
side by the hi'oad NC\\Tybm' Swamp, which receives the drainage from a 
rclati\'(~l.r large area of consolidated rock to the north and west. It diseharges ill 
a southerly direetion to til(' Hichlllond Hi"er, past the landward side of the 
southel'\l headland. This olltlet has milJilllized erosion in the ~oastal plain and 
apparently is the l'eason fo\' th(' IH'C'Sl'rYatioll of the numerous Ilrenate sand belts. 

Except for the northe\'lllllost 1} miles, and a small stretch Ileal' IJuke 
Aillswol,th, the Willa 1 COIII;tal dunes do not seem to occnr in this al'ea, The 
foredlllle is ('olllposecl of very reccllt loose white sand blown ovel' the erodt,([ 
('I]ge of a hr01HI relatively flat saud belt covered by hcath and low shrubs. 
Where the top of the beach,is erodc(l the lower part. of the resulting cliff is madc 
up of the grey semd of the exposed edge of the heath-coyered flat, and the 
upper part of loose white sand of the fOl'edune. The grey sand, like that 
~xj)()sed south of Bl'umwiek Heads, is firmly coherent, althongh not indurated, 
111lel it is stratified horizontall~- to a greater height than on the northerll beaclws. 
'rhe heath-eoyel'ed flat is presumably an emerged tidal fiat of the' +2-foot sea, 
eovered by dunes whose surface relief has beell'subdued by shifting of sands 
into the inter-dune hollows. Samples of the underlying sand taken from bore
holes contain 1111lch black carbonaceol1s matter, This and the heath-like type of 
vegetation snggest a waleI' table close to the sl1l'faee. H the ,,'ater le"el had 
been high enough-above the depressions ill the surface-it could llaye bl'ought 
about the present-day subdue!] relief, by facilit.ating the shifting of .<;and from 
the dune-ridges into the intervening hollows. 1I owp\'('\" as seen in the section 
of bore-line 9,OOON (Plate 28), the water table is 110\" al a considerable depth, 
and the watel'-logged conditions mllSt. have applied hdorc drainage ehamicls 
deyeloped from the broad swamp arljacent to the heath-covered belt. The 
drainage is now from its southel'll end, and is ap_parently permanently 
established. Erosion of the northern end of the heath-covered belt shows that 
earlier drainage was to the north. I'robably it was intermittent. When water 
had accumulated to It eonsiderable depth the hydrostatie pressnre, assisted' by 
the erosive action of rainwash from the northern headland, resulted in the 
opening of a channel at the 110rtherl1 end. This was later barred by dune salld. 
'fhe series of events was probably repeated at illtervB Is until the channel was 
formed at the ."onthern encl. The true dunes in the 1l0rtheJ'\llllost Ii miles, north 
of bore-line I5,OOON, were formed after barring of the water channel that 
preceded them. Those near T.Jal{e Ainsworth were formed i.n a similar way -after 
barring' of a channel formed a few hundrecl feet south of bore-line I,OOON. . 

Deposit No.4 at t,he casteI'll edge of Newrybar Swamp was not eompletely 
tested because ill its lower parts it was indurated and too hard to bore, The 
lower limits of the deposit where bores did pass throngh it, and the levels at 
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\rhi('h I)('\ls !II' lH'hhles \\l'l'l' l'lIl'Olll1ll'I'l'l1. illdil'at.l'll Ih,i1, Ihe oltl ul'aeh on whieh 
it was d('posited is ,i feet. 10 7 fl'l'l hil,rhl'l' IIHlII PI'l'Sl'lIt-llay Iwae1lPS, Because 
fJ" tIll' tl'lI<1l'I](',)" In J'1'('o)'(l )Pn'b it littll' too high. till' 10\n~J' figure has beell (lcccpted 
as t hl' pl'oba hl(' olle. ' 

:-)l'o1l1 hOl'illg at. localitil's J.' alld G (Plate 23) showell t.hat the otller arelllttc 
sanll helts are illllnrated at sOllle <ll'pth, Imt no heavy-mineral scums were 
fOIlI](l, and diJ'ect {'l'idclIce of the .. :iNI \C\'('\ at the time of t\l<dr formatioll is 
lIot antilable. It is likrl~' that they, like the sand-ridge cOllta.ining lleposit No.4, 
wC're fornwd at the timc of the +5-foot sea, or during' the recession from it. 
lt seC'lIIs rNlsonable to aSSlIlllC that ther antedate the +2-foot sea because the 
hroad heHth-coYl'red belt. 011 the ea,'.;t, clcarly contC'J1JporanC'Oll/-; with the +2-foot 
sea, is not indurated, ('yen thongh lllueh carbolUlCcous matter has bccn dcposited 
within it. 'l'he +2-foot shorelillc wm; probably at abollt the seaward edge of the 
sand belt that terminatrs at locality G. 1£ RO, the -5( n-foot shoreline and 
mineral deposits are probably a little to the east of it, beneath the broad swamp. 

Mineral lJeposits. 

Plans and sections of the drposits are given in Plate 23 and their dimensions 
in Tahle 3~ (p. 92). '1'11e emerged tidl11 flats which form the h:l'>:l1 part of 
the hl'ath-covl'red tlat adjacent to thE' beaeh contain only minnte traces of heavy 
mineralH, lIenee where the erodell edge of thi:; flat forms the upper part of the 
beach thc ollly pOi->sible deposit of heavy lIIill'E'ra Is iR a seam on tl{e present 
hC'aeh. 'YI1<'re tnw (lunes occur, Horth of bore-lill~ :I 5,OOON, and adjacent to 
Jlake Aills\\·or.t.h ncar hore-line 1,OOON, seams of heavy minerals are found 
beneath them. 

The beach .'.;eams have been depleted by mining at their northern end. They 
-begin about i mile from the nortllern end and extend for nearly [) miles as very 
narrow deposits, interrnpted by two barren stretches each 2,000 feet long. 

The inland deposit (No.4) extelids from the northern end of the sand
ridge to little morC' than I·~ mile south. There the sand-ridge givE'S place to 
swamp, and pr<'slIlIIahly i't and thc mineral deposit..;; have been eroded by the 
Ilouthward-f1o\\'illg' creek. 'rhe IW(lvy mineral::; in t.he inland rleposit are stained 
by coatings of black or brown carbol1aceous material and probably a little iron 
oxide. '1'he~' are lI1nch finet" grained than thosc on and Ileal' the present beach: 
this sl1gge,<;ts t.hat the bar wa.~ shallow for a c0l15iderable distanee from the 
shore; the waves lost much energy bC'fore breaking' Ileal' the beaeh and the surf 
wa<: able to tnll1sport 01l1~' finer-grained minerals. 

JJI inin g l' enemeni s. 

Min ing leases alld special lease applications are held <11; fol1ows:
Seven Bile Beach: 

M.L. 1, 2, 3. Zircon Rutile I~td. 
Inland Deposit: 

Special I~ease Applications Nos. 61 and 65. Nat.ionalMineraL" Pty. Ltd. 
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P1'oduction and Reserves. 

Seven 'l\Iile Beach has been worked by Zircon Rutile Ltd. since 1934, and 
total producton up to the end of 1948 was approxmately 29,500 tons zircon and 
16,000 tons rutile. Several hundred tons of concentrates containing abol1t 20 
per cent. monazite were stockpiled. Since 1949 the greater part of the company's 
production has come from the Tallow Beach area. 

Some years ago Mineral Sand~ Co., installed a table concentrating plant 
at the inland deposit, but dismantled it after producing a small tonnage of 
concentrates. 

The reserve:<; of heavy minerals, and the dimensions' of deposits and over
burden, are given in Table 33. Practically all the deposits are in unimproved 
land and available for mining. 

LENNOX HEAD TO EVANS HEAD. 

Introduction. 

The beach and dunes from Evans Head to 2 miles north were tested by the 
Bureau in November, 1950, and the remainder of the area was inspected in a 
reconnaissance investigation on 12th April, 1951. Some information has been 
provided on an inland deposit by Mr. ,V. II. Derrick, manager, Titanium Alloy 
Mfg. Pty. Ltd., who bored it. As thi~ area has not been photographed from the 
air, it has not been possible to supplement the limited amount of field work by 
photo-interpretation. The mapping that has been done (Plate 7) is based on 
military maps, and on the resllits of the reconnaissance investigation. The. 
Pacific Highway runs through the area, following tIH' eastern bank of thc Hich
mond River for the greater part of the distance. The cOlmtry between the river 
mouth and the village of Broadwater i<; culti,'ated and crossed by rou(ls running 
from the highway. Between Broadwater and Evans Head much of the country 
is swampy. South of the high dunes near Broadwater, transport is practicable 
only with four-wheel-drive vehicles oyer an old sand track that follows thc inland 
deposits along special lease applicatioil No. 109, and anothei· that' connects the 
air-field near Evans Head with an observation post on the high dunes. 

Topography and Geological Background. 

The main part of the area appears to be a long sand-bar or spit, that has 
l'xtended the course of the Richmond River for 18 miles. The southem 10 mileS 
of it at least is by. no means recent in age. It . forms a wide area of heathland 
and swamp well above sea-Ie\"~l-, and terminates at the coast a<; cliffs of indurated 
sand. From 3t miles to ;) miles north of E"ans Head they rise to about 15 feet 
above high water. The sand is fine-grained and massively bedded, and dips 
slightly sea,yards. A short distance farther north, near the end of a road 
leading from BroadWl;lter, the indurated sand rises t-o abont 10 feet aboye high 
water, and is oyerlain by about 10 feet of peat, which is covered by irregular 
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sand dunes. '1'he level of the indurated sand rises to about 20 feet above mean 
low water. If it is horizontally bedded up to this height, indicating deposition 
in water, an emergence of 20 feet since it was laid down would he suggested. 
Howewr, it L<; possible that the upper part of the sand is indurated dune-sand, 
and if so, the emergence may only be 10 feet. North of the high dunes near 
Broadwater an extensive sandy flat covered by trees and scrub is bounded on 
the military maps by the 25-foot contour. This has been interpreted as a coastal 
fiat that has undergone the emergeilce apparent along the shoreline--either 
10 or 20 feet. South of the high dunes, the heathland appears to be at a lower 
level. It contains inland deposits of heavy minerals in Special Lease Application 
109, and their arcuate outline suggests a former beach there. No levelling has 
been done in the area and the elevations of the inland seams with respect to 
sea level are not known. It is thought that these heathlands, like the similar 
ones at Macaulays Lead south of Evan;; Head, were formed during the period 
of the +10-foot sea. 

The high dunes south-cast of Broadwater are presumably eroded trans
gressive dunes 'that encroached on the area during the recession from the 
+ 5-foot sea. Similar dunes 1 to 2 milCH north of East BalIina and near Tallow 
Beach probably formed .at the same time. The peat on the beqch horth-east of 
Broadwater may indicate submergence of a former 'coastal area: that of the 
- 5 ( ?) -foot sea, and the lagoon nrarby possibly marks the shoreline of the 
+ 2-foot sea. For about 3t miles north from Evans Head the + 2·foot shore
line may have been about a mile ,,'est of the present one. However, little infor
mation is available on the area . 

. Minerul Deposits. 

A small deposit on the beach from Evans Head to 2 miles nort.h was tested 
by boring. The remainder of the beach was inspected on 14th April, 1951, 
and shallow holes were dug in it. Practically no heavy mineral was fouml, 
although highly concentrated deposits were visible at the time on other beaches. 
The Annual Report 'of the New South Wales Mines Department for the year 
1896 (Munro, 1897) stated that the beach north-east of Broadwater was noted 
for rich storm washings (" snig-gen:;"). Apparently they were unstable deposit.'l 
and have migrated northward. The same report mentioned a depoHit running 
southwards from a point! mile south-south-west of Cooks Hill, near Broadwater. 
It could probably be found by boring but is likely to be of low grade, and covered 
by thick overburden. An inland deposit in the area covered by special lease 
application No. 109 was bored and sample(l by Titaniulll Alloy :Mfg. Pty. of 
Cudgen during 1947-48. The quantities of heavy minerals are not known; but 
they are thought to be relatively small and low in grade. 

A sand beach 1 mile long between Sand Point and Black Head, north of 
Richmond River mouth, contains heavy-mineral deposits on its southern half, 
south of a low rocky outcrop on the beach. A seam 9 inches thick in the sand 
cliff at the beach top continues beneath the foredune. It is possible tl1llt other 
seams occur beneath the dunes for a few hundred feet inland. 
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Mining TenC1nents. 

North of Richmond River: 
G.L. 10 (between Sand Point amI Bla~k Head). Zircon Rutilc I,td. 
ALL.I (adjacent to GJ,. 10, on lalldward sidc). National l\Iinerafs Pt~·. 

Ltd. 
South of RiclllilOnd River: 

Special lease applications Nos. 109, 110 arc held by 'l'i taniull1 Alloy 
Mfg. Pty. I-,td. 

'. Production and Reserves. 

A little gold was recovered from beach washings and from thc inland 
deposits towards the end of the last century, but none of the o~her beach-sand 
minerals have been recovered. 

The reserves in the beach deposit north of Evans Head are given in Table 
33 (p. 92). They are within a Royal Australian Air Force training reserYe, 
and are not available for mining. The reserves in the inland area held by 
Titanium Alloy Mfg. Pty. Ltd. are not known, but are thought to be small. 

The deposits north of the Richmond River, between Saud Point and mack 
Head, probably contain several thousand tons. 

EVANS HEAD TO 'WOODY HEAD. 

l ntrod1tction. 

A plan of the area is given in Plate 8. 'l'he boundaries sont,h of bore-line 
16,OOON were traced from air-photos. The eountry north of this bore-lIne has 
not been photographed, and the bOllhdaril'S ill Plate 8 arc based on thosc 
shown on the "Woodburn" I-mile military map, snppll'llH'llted by rl'con
naissance traverses. The area is reached by driving over a cla~--surfacl'<l road 
which leaves the Pacific Highway 3 mill'S south of thc to\YIl of, 'Voodburll. 
At a point 6 miles from thc highway the road forks, the northerly brallch 
running 3f miles to the sea and the other branch 4 mill'S southward along 
a high dune or belt of dunes that runs parallel to the coast. one to two miles 
inland. South of the dunes the road folIom..; a ~nrved saud ridge that. owriies 
a seam of heavy minerals (" l\Iacaulays J~ead "), worked late last century for 
gold. The northern branch of the road l'nters a Hoyal .Australian Ail' l<'or~l' 

bombing range" and terminates at. an ob:;eryation post at. a high dune-prak. At 
about I!l- miles north a sidc-road runs from it to two concrete" pill-boxes". 
The surfaces of the high dunes, l\Iacaulays Lpad. and the dunes adjacent to the 
beach are permanently dry. Else\\ here much of thp cOllntl'Y is swampy and is 
nearly all under water in \\'pt weather. At the time of the illVPstigation, a 
deep swamp at the end of Macaulays Lead prevented access to the southrrn pcu-t 
of the area, except along the beach. This was reached by driying through 
water about 1 foot deep along bore line 00, and crossing a deep channel near the 
beach ove~. an imprm-ised log-bridgl'. The roads as far as the Highway are 
extremely slippery when \\:et, and ill parts boggy. After rain, transport by 
vehicle is difficult or impracticable for seyeral days. 
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TABLE 33.-RESERVES OF HEAVY MINERALS AND DIMENSIONS OF DEPOSITS BETWEEN BRUNSWICK HEADS AND WOODY 
HEAD, NORTHERN NEW SOUTH WALES. 

Locality. 

BnlDswlck Heads to Cape 
Byron-

Beach and dunes 

.. Tyagarah " area~ .. 
Cape Byron to Broken Head-

Tallow Beach .. 
Broken Head to I.ennox 

Head-
Seven Mile Hench 

Inland, 11 miles .. . . 
Lennox Head to Evans Head

Sanel Point to Black Head .. 
Inland Deposit, Sp.L.App. 

109,110 .. .. 
Beach, north of Evans Hea(l 

Evans Head to Woody Head 
(4 Miles North of Clarence 
Ulver)-

}lacaulays Lea,1 .. . . 
Cement Lead . . . . 
.lerusalem Creek, west bank 
Heach.. .. .. 

Postmans Lake .. 

Dimensions of Deposit. Overbnrden. Composltlon.- Total Mlriernl.t 

Length. Area. 

Feet. Sq. yd. Feet. 

11.000+ 362,600 125 
15,000 
1,500 40,000 240 

7,500 385,000 463 

6,000 + 146,600 82 
2,000+ 

8,000 
2,000 i3,2oo 329 

Quantity not known; 
6,000 55,600 831 

16,000 274,300 154 
8,000 139,900 157 
.l,330 53,900 147 

8,000+ 124,900 86 
5000 

'500 4,400 80 

Zircon~ Untlle. ilmenite. l{onar.lte. 
Vol· 
ume. 

Average 
Thick· 
ness. 

Vol· 
ume. 

f---;-----'f---;---\---r---+---r---i Weight Grade 
Tons. Ih./ 

% 

Feet. Cu. yd. Feet. Cu. yd. 

3.4 411,600 

4.8 65,000 

12.6 1,623,000 

2.7 132,200 

4.3 105,700 

3.2 383,600 54 

5.4 73,000 53 

4.8 613,000 53 

1. 7 82,500 53 

5.6 137,200 46 

Total 
Weight. 

Tons. 

% 

74,400 27 

2,600 34 

107,600 28 

11,900 28 

5,600 36 

Prohahly several thousand tons high grade mineraI. 

prohahly relatively small 51 
1. 8 34,400 2.1 38,300 43 

5.0 
2.0 
3.4 
2.1 

459,000 
95,500 
61,400 
80,100 

10.1 
13.3 
10.4 
2.9 

925,000 47 
621,300 }46 
187,400 
122,200 48 

1,900 

41,500 
10,000 

6,600 

33 
30 

31 
32 
31 

Total 
Weight. 

Tons. 

% 

35,900 18 

1,675 13 

55,500 18 

6,400 18 

4,300 17 

Total 
Weight. 

Tons. 

25.100 

600 

0' io 

0.7 

0.5 

Total 
Weight. 

Tons. 

900 139,300 

25 5,000 

37,200 0.6 1,240 206.~00 

4,000 0.8 180 22,900 

2.100 0.8 90 12,200 

cu. yd. 

758 

180 

285 

387 

258 

Composition not known 

27,500 
7,000 
4,200 

16 
26 

21 
22 
21 

Not known. l'rohably relathelr low grade 
1,150 1 45 4,500 292 

10,000 
4.900 
3.000 

1 

0.5 

0.8 

850 

110 { 
110 

89.500 
11.500 
10,500 
14,100 

436 
270 
384 
354 

2.6 3,900 12.9 19,100 Composition not determined 440 253 

- After separating from quartz sand, and neglecting" other minerals" such as garnet and tourmaline which form minor proportions of the concentrate. t Including a 
small proportion of the" other minerals" mentioned aboye. t Figures are approximate and assume that deposit continues 500 feet north of 00 line, with same dimensions 
as at 00 line. 
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Physiogmphy and Geological Backgl'ound. 

The northern and southern parts of the area hayc contnl>;tillg topog-mphy. 
In the north, high damp fhlts, about :)0 feet above sea level, in pat"ts SW1HlIPY, 

extend to within about a quarter of a mile of the coast where they cnd 
at an eroded scarp. They arc partly covered by massive shrub-covered clunes 
that reach heights, in placrs, of more than 200 feet. The seaward side of the 
scarp is fringed by narrow arcuate belts of sandy heathland, or eroded remnant<; 
of such belts. The southern part i.<; not unlike the coastal plain, but the 
surface level of the swamps is higher than 20 feet, and the hrathlands rise, at 
their rounded crests, to about 30 feet. Boring has shown that the underlying 
sand is indurated, both hcre and in the high flats and dunes of the northern 
portion. A seam of -heavy mineral.,; at .Macaulays Lead was investigated neat· 
the end of the last century by the New South 'Vales MinI'S Departmpnt (JIlInro, 
1897), who show cd that the auriferous hottom layer was 11.6 feet aboyc 
high-water marIe 'fhis is confirmed by the section of the Burpau's bore-linc 
8,000N, shown in Plate 24. The seam, and the oIU beach on which it wa ... 
deposited, are very close to 10 feet above ·the seams 011 present day beaches. 
Macaulay's I"ead thus marks the position of an old beach that terminated at 
about the locality of the 24,000N bore-line, against a headland pither of 
indurated sand, or of Mesozoic sedimcnts covered by indurated sand. A deep 
bore put down from the crest of the sand dune about a quarter of a mile from 
the beach bottomed in white clay, which is regarded as the weather{'d Mesozoic 
t;hale. The records of the bore have been lost, and the level at which the 
Mesozoic sediment was found is not definitefy known, but it L-; thought to be 
about 30 feet above mean low water. In bore-line :~2,OOON a bore :~,OOO feet 
west of the beach bottomed in white clay at an elevation of +4;) fect. 
The high sand dunes in the northern part of the area must have originated 
before the heathlands of the southern part, becausc no major dune-building 
has taken place since then. It is concluded that the dunes were formed during 
the preceding major emergence, that which succeeded the +45-foot sea level. 
The high-level flats in the northern half of the area may represent a coastal 
plain that formed during the time of the +45.foot sea. 

The edge of the scarp probably marks approximately tI'e position of the 
Mesozoic sedimeut..; underlying the indurated sand. snch as those outeropping 
opposite bore-line 56,OOOK If so it also .marks the limit of any rapid landward 
advance of the coastline. The section of bore-line 2,OOON-in the POi;tmans Lake 
area (Plate 26), a little 110rth of scout bore-line 32,OOON, indicates that the 
lower level of deposit...; there is about +12 feet, and thry wer{' -probably J'orm('d 
at the time of the +10-foot !:>CCl. In places aloug ti,e edge of thr :.;earp
between 24,OOON aud 32,OOON, north of 48,OOON, alld betwrcn Scimaplwr Hocks 
and Evans Head-belts or' hcathland occur at a lower level than the high flats, 
but a good deal ltigher than the +10-foot heathland. Th{'y may represent 
emerged littoral deposits of the 20-foot sca. The present coa.<;t L-; marked by 
many di~continuous outcrops and cliffs of indurated sand. They do not occur 
at bore-lines 32,OOON and 56,OOON, rise to only +2 feet on line 40,OOON, and 
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to +6 feet at 48,000K It is likely that at the times of the +5-,.foot and +2-1"~ot 
Heas, the higher outcrops existed as stacks, and the shore-line was at about the 
position of the scarp at the shoreward edge of the high flats. Stonier (1895) 
reported a raised beach about G feet above ordinary high water, apparently near 
the Postman's Ijake area. 'fhis may be a beach of .the +5-foot sea. 

]'arther south, from about 11,000N to 24,000N, the coastline is formed in 
cliffs of indurated sand and is impassable for vehicles. The indurated sand, 
where examined at 1l,000N, rises to 19 feet above mean low water. POI' several 
feet above the beach, it appears to consist of horizontal beds or layers a couple 
of inches thick. The horizontal bedding shows that the sand was deposited in 
water, but no doubt it is covered by dune sand, or merges upwards into dune 
sand, which should be recognized by an aeolian type of bedrling, if not by 
fincnpss of grain. 'fhis distinction was not noticed, partly because it was not 
sought, and partly because the indurated sand is brown and soft at some 
height, because of sub-surface weathering, and has lost its structure. The height 
of the indurated sand suggests that it could have emerged 20 feet. However, 
the occurrence of the +10-foot heathland on its landward side makes it more 
probable that the emergence was only ]0 feet, although of course it could have 
existed as all island or stack at the time of the +10-foot sea. It may be worth 
recalling that the indllratrd sand near Broadwater, north of Evans Head, was 
thought to indicate an' emergence of 20 fret. 'fhe occurrence in this area sonth 
of Evans Head throws <loubt on that interpretation. 

Mineral Deposits. 

Deposits on the present beach are small and discontinuous. They occur 
from It miles to 4 miles north of the southem end (Plate 25), and within the 
nl)rthernmost 4 miles between outcrops of induratrd sand which act as barriers 
to their northward migration. The northern deposits have been intersected by 
bore-lines 40,000N and 48,OOON (Plate 27), where they are seen to be narrow 
seams in the upper part of the present beach. The adjacent dunes bored along 
the spout lines do not contain any deposits. 

The most extensive deposit in the area is on the 10-foot raif;ed beach at 
Macanlays Lead (Plate 24). It has a length of 3 miles, and for most of the 
distance underlies a low narrow arcnate belt of heath]and. 'fhis could well be 
regardrd as a foredune formrd along the beach on which the heavy minerals 
were deposited. Its southern end has heen eroded, probably by the Esk River, 
but by extending it in plan southwards, it can be seen to have formerly termin
ated at about \Voody Head. However, south of bore-line 4,000S, the deposit 
begins to diverge slightly from the heathland, and at 8,000S is beneath the 
adjoining semi-swampy country. The beach on which it was deposited had a 
larger radius of curvature than the heath land belt and terminated probably 
near Yamba Urad abont 5 miles south of \Voody Head. The Richmond River 
mouth mnst then have heen between Angoorie Point and Yamba Head. 
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Macaulays Lead depQsit n.orth .of bQre-line J,OOON has been erQded by 
fQrmer channels .of Jerusalem Creek, but CQntinues farther nQrth as "Cement 
Lead" and" Jerusalem Creek west bank lcad". These are shQwn in Plates 
8 and 26. Carne (1895) describes the latter as the "CQQIgardie Lead" and 
states that several distinct runs .of auriferQus sand were prQved in the swamp. 
Presumably these are a shQrt distance landwards frQm the bQre-lines shQwn in 
Plate 26. IVlunr·Q (1897) shQwed in his plan .of the area the" New Lead" a 
shQrt distance west .of l\'lacaulays Lead between the positions .of the Bureall 
bQre-lines 6,000N and 10,000N. 

Several depQsits like that at PQstmans Lake (Plate 26) prQbably occur alQng 
the edge .of the scarp that fQrm.s the seaward bQundary .of the high flats and 
dunes. Carne (1895) stated: "All the wQrkings frQm the high levels back frQm 
the beach have been in IQQse white sand". They may well have been mined 
.out fQr gQld, and the residues cQnta~ning the other heavy minerals dumped in 
the swampy areas adjQining. 

The shQreline at the time .of the -5( 1)-fQQt sea was prQbably in abQut the 
same PQsitiQn as it is nQw. The indurated sand alQng most .of the CQast is 
higher than it eQuId ha~e been if the -5( n-fQQt sea had advanced farther 
than the present sea. On the .other hand, depQsits .of peat .occur alQng the beach, 
dQwn tQ at least mean IQW water, nQtably in the sQuthern part of the area. 

Mining Tenements. 

Practically the whQle area is held by l~lICOJl Ltd. Hilder the following" 
leases .or special lease applicatiQns:-

G.L.10, G.L.19, G.L.20. 
Special lease applicatiQns-

111, 112, 113, 114, 115, tQtalling 428 acres. 
32, 33, 34, tQtalling 175 acres. 

P1·od,1tction and Reserves. 

The area was w.orked between 1890 and 1900 for gQhl, platinlllll-gl'OUP 
metals, and cassiterite, which .occurred in a narrQW ban<1 in the m.ore highly 
cQncentrated part .of th~ heavy-mineral seams. The SQciete Industrielle 
li'rancaise des Sables lVIetalliferes attempted tQ dredge the depQsits fQr the same 
minerals an(l mQnazite between 1905 and 1910, but were unable tQ .operate 
prQfitably. RUCQn Ltd. pr.oduced abQut 200 tQns of CQncentrates by tabling 
during· 1950, and stQckpiled them with the intention .of separating zircQn, 
rntile, and mQnazite later when a suitable plant had been c.onstructed. However, 
seriQus difficulties had tQ be Qvere.ome, including the treatment .of stained 
minerals, access tQ the area during wet w~ather, and .obtaining suitable wQrkmen. 

The prQved reserves are given in Table 33. They are all available fQr 
inining. PrQbahle reserves nQt included in the table are several thQusand t.ons 
alQng the nQrthern part .of the beach, and an equal amQunt in depQsits a little 
west of " Cement Lead" and in the" New Lead ". 
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FRAZER ISLAND TO MORETON ISLAND. 

The coast from Frazer Island to Moreton Island was examined by the 
Queensland Geological Survey in a reconnaissance investigation during 1947. 
The results of the work are. described by Connah (1948) and Morton (1948). 
The area incli.1des Frazer and Moreton Islal}ds and the intervening part of the 
mainland coast, and Bribie Island, which is separated from the mainland by a 
narrow channel just no'rth of Moreton Bay. Frazer and Moreton Islands and 
much of the mainland coast north of Noosa Head are composed of high trans
gressive dunes, that form precipitous cliffs at or a short distance back from the 
beaches. Parallel dunes similar to those on North Stradbroke Island do not 
ocenr, although narrow fringes of low dunes have been formed at the foot of 
somr of the beach cliffs. The mainland coast south of Noosa Head is covered 
by narrow belts of lower dunes, and south of Point Cartwright much of the 
coastal area is swampy. Bribie Island is low and sandy, and contains Romc 
low parallel dunes in its north-eaRteru portion. 

Mineral deposits, relativel.y small in comparison 'Yith those on Stradbrokc 
Island and farther south, OCCllr on portions of the ocean beaches, generally 
southwards from headlands, and probably continue beneath some of the low 
dunes. The reconnaissance investigation made by the Queensland Geological 
Survey was not sufficiently detailed to allow of a reliable estimate of the 
reserves. However, a summary of the occurrence of the deposits and a rough 
estimate of the reserves is given in Table 34. 

TABLE 34.-FRAZER ISLAND TO MORETON ISLAND: OCCURRENCE OF HEAVY 
MINERAL DEPOSITS AND ESTIMATE OF RESERVES. 

Composition in Weight Per cent. and Reserves in Tons. 
Locality. H(>c;en es. 

Zircon. Rutile. Ilmenite. Monazite. 
(Tons). 

-

I Frazer Island 25 17 57 0.6 .. 
Indian Head to 2I miles south .. 22,500 15,000 51,000 500 90,000 

Deposit 2I miles long, average 120 ft. wide, thickness up to 3.5 ft., averages 1.5 ft.; overburden 
1 to 4 ft. . 

Smaller black sand concentrations at Waddy Point, Middle Head, and a few miles north of Indian 
Head; recent beach washings north of Hook Point . 

Inskip Point Beaches 
To 6 miles south and II miles west 

Surface concentrations up to 2 ft. thick but tapering out rapidly sea wards 

At least 
~O.oOO 

Double Island Point At least 
To I mile south 10,000 

Deposits 1 to 4 ft. thick, beneath frontal dunes about 12 ft. high. Proved width 60 ft. 

Noosa Head 
From Paradise Caves to! mile south. . 20,000 

Deposits beneath frontal dunes; about 50 ft. wide, 2 to 6 ft. thick; overburden at least 6 ft. 
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TABLE 34.-FRAZER ISLAND TO MORETON ISJ:AND: OCCURRENCE OF HEAVY MINERAL DEPOSITS 
ANO ESTIlfATE OF RESERVES~ontinued. 

JAlCality. 

Point Arkwright to Caloundra Head 

Bribie Island 

1II0reton Island 
Deposits at following distances south 

from Cape Cliff-
o to I mile; 2 to 4! miles; 5 to 

i)i mi.es; 7t to 8l miles; 13 
miles to 15 miles . . .. 

Composition in Weight Per cent. and Reserves in Tons. 

Zircon. Rntile. 

I 
Deposits too small 

commercial value 

I Ilmenite. Mona&ite. 

lnd too 10~ in grade 

Reserves. 
(Tons). 

to. be of 

Beach washings occur on island but no significant 
deposits reported beneath the parallel dunes 

23 18 58 0.9 

7,600 5,900 19,100 300 

Best concentrations up to 5 miles south. Width of deposits less than 60 ft.; thickness up to 3 ft., 
but usually less than 1 ft.; maximum overburden 6 ft. Generally less than I per cent. mineral in 
transgressive dunes, but a small area trending north.north·wcst i)! miles south of Cape Cliff (Donaldson 
and Stuart, 1948) averages more than 2 per cent. by volume. 

SOUTH STRADllROKE IsLAND AND NORTH LABRADOR. 

South Stradbroke Island (Plate 9) is separated from the mainland on its 
western side by the Broadwater, and at its southern end by the Nerang Rivf!l' 
mouth. Undoubtedly the southern end was formerly continuous with the main
land, and the Nerang River then flowed northward through the Broadwater. 
Its northern end was continuous with North Stradbroke Island until 50 years 
ago, when tidal currents eroded a passage to the sea at Jumpi,npin. Since then 
a reduction in the outflow of tidal waters at the southern end of the Broadwater 
through the Nerang River mouth hils resulted in erosion of the southern ,end 
of the island, and deposition of large quantities, of sand in t.he, Broadwater. 
Concurrently, the Spit at Southport has extended an _equal distance northwards._ 

The island consists of a belt of dunes adjacent to the ocean beach, and lower 
-dulles and sandy flats west of them. The beach dunes were formerly covered by 
vegetation, but they are now being wind-eroded, and loose sand is moving in a 
rrorth-north-easterly direction, killing the plant-eover and encroaching 011 the 
eountry to the west. The western side of the island has been eroded by tidal 
eurrents, and the former channels now appear as swamps, or form portions of 
the Broadwater. Low parallel dunes occur immediately east of the activ~ dunes, 
at least from about the mid· latitude of the island to 3 miles north. They were 
tested b~' reconnaissance boring and found to overlie discontinuous deposits of 
heavy minerals, the most extensive of which lies between bore-lines 10,000N and 
12,500N. Deposits appear on the beach -after storms, and extend for a- short 
rlistance beneath the foredune. J. H. Reid, consulting geologist, estimated total 
reserves of approximately 40,000 tons in 1949. Insufficient boring has been done 
to prove the reserves in the other deposits. They are comparatively small, but 
it appears safe to assume that at least 10,000 tons occur beneath the foredune 
and 5,000 tons beneath the p~rallel dunes. 
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The North Labrador area is mainly low lying and swampy, but two low 
sand-dunes trend northwards about -~ to ! mile from t.he Broadwater, and 
another, lower lying and apparently eroded, at the edge of the Broadwater. 
'l'he inland sand ridges were tested to ground-water level by the Bureau, and by 
Alluvial Gold Ltd. in five bores put down to depths ranging from 40 to 70 feet. 
'1'he low sandy belt at the edge of the Broadwater was tested by the Bureau in 
collaboration with Mineral Deposits Syndicate. Little heavy mineral was 
recovered from any of the samples. The inland sand ridges ha"e not been 
levelled, but by analogy with similar indurated areas farther south, they are 
regarded. as emerged foredunes of the +5-foot sea. Thc shorelines of the 
-5 ( n -foot ~"':l must han been farther east, perhaps heneath the prescnt 
Broadwatt'r. 

THE SPIT, SOUTHPORT . 

.As mentioned in the description of South Stradbroke Island, the Spit has 
developed during the last 50 years, apparently from sand derived from the 
beaches south of it, as far as North Burleigh. Washings OIl the beach after 
storms have been yiclding ahout 1,000 tons per annum of concentrates. The 
remainder of the Spit has been sampled by Mineral Deposits Syndicate ill 
lll'.soeiation with the Bureau and shown to contain only small reserves of low
grade concentrates. A minor quantity of relatively high-grade concentrates 
extends some distance beneath the dunes within 300 feet of the surf pavilion, 
near the southern boundary of Portion 40. 

T-,AURIETON AREA. 

The coastal area in the vicinity of Laurieton was briefly examined early in 
1:153 (Fisher, 1953). From Diamond Head past Camden Head to Grants Head, 
12 to 21 miles north of the mouth of the l\'Ianning River, the coastline is made up 
of two beaches 5t miles and 21 miles long, which curve around between the 
headlands. '1'he entrance to Camden Haven Inlet, which drains Que~ns Lake 
at Watson Taylors Lake, is at the southern end of the northern .beach. On the 
landward side of the beaches are the usual dune belts succeeded ·by swampy 
areas 1 to 2 miles wide, and these are succeeded by coastal lakes. About 1 mile 
south of Grants Head a spur of consolidated rock projects eastwards i~to the 
coastal plain to within about t mile of the beach, and from it a belt of flat 
heathlan:1 and swamp at a comparatively high level, about 30 feet, stretches 
llorthwards to the spur that terminates at Grants Head. Bores put down in the 
heathland neal' its castel'll margilL encountered indurated sand at a depth of 
about 3 fcet. On its seaward side the heathland is succeeded immediately by the 
coastal dunes, which appear to have an average width of no more than 600 feet. 
South of the heathland and the consolidated rock at its southern encl, the country 
on the landward side of the coastal dunes is low lying and swampy, but it gives 
way to another sandy area on the eastern side of Queens Lake, which is about 
H miles inland. 
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Between Camden Head and Diamond Head the belt of parallel dunes ranges 
up to 1,000 feet wide. It is succeeded on the landward side by a low-lying and 
swampy area about ~ mile to·1 mile wide, which leads directly to W'atson 
Taylors Lake and to Camden Haven Inlet, a tidal channel running northwards 
from the lake. 

If the area is compared with similar ones fa~ther north, it app{'ars likely 
that the heathland represents emerged tidal flats and dunes of the +5-foot sea, 
and the coastal dune belts are those formed during the recession of the sea from 
the +2-foot levels. The lakes probably represent areas that were scoured out 
to sea level at the time of the -5 (n -foot sea, and later closed by sand bars 
during the interval of the +2-foot sea, or the recession from it. 

Mineral deposits were investigated on tpe beach south of Grants Uead and 
in the parallel dune area south of Camden Head. The beach deposit is within 
the npper part of the beach, and continues beneath a berm about 50 feet "'ide 
at the foot of the foredune. It extends for at least 1,400 feet southwards from 
Grants Head, has an average width of 60 feet, and maximum width of 120 fcet, 
and is up to 3 feet thiclc The estimated re;,;erves in it total 4,500 tons, which 
have the following composition, neglecting 1.9 per cerit. of tourmaline, garnet and 
other minerals;-

Zircon. Rutile. Ilmenite. Monazite. 

40 39 20 1.4 

About 1 mile south of Camden Head exploratory bores that were being put 
down by North Coast Minerals Ltd. intersected a seam between the foredune 
and a very high parallel dune about 300 feet from the beach. A borehole at the 
foot of the high dune passed through a I-foot seam 11 to 12 feet deep containing 
55 per cent. heavy mineral. Another hole, 60 feet to the east, passed through 
4 feet 6 inches of heavy mineral from 9 feet to 13 feet 6 inches deep, of which 
the bottom 2 feet 6 inches contained 40 per cent. heavy mineral. The composi
tion of the heavy concentrate recovered from the two bore-holes, lleglecting 
1.5 per cent. of tourmaline, garne.t and other minerals is; 

Zircon. Untile, Ilmenite. ~[onazite. 

47 35 18 0.4 

Other deposits are reported to occur along this part of the coast, e.g. 
at Diamond Head, and it is possible that low-level depo.<;its exist near the 
eastern margin of the heathland. 
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OTHER AREAS. 

Clarence River to Sydney. 

No systematic investigation ha.<; been made on this section of the coast. 
Its reserves of heavy minerals are thought to be very small in comparison 
with those between Tallow Beach and North Stradbroke Island. The different 
types of coastline shown on military maps have been classified below and notes 
given on the possible occurrence of deposits of heavy minerals. 

PORT MACQUARIE TYPE OF COAST. 

Near the principal streams wide coastal plains are developed, fringed by 
long beaches and coastal dunes. Beach deposits have been reported between 
the Macleay and Hastings rivers and others in the I~aurieton area are described 
above. Portions of the coast which may be regarded as of tIle Port Macquaric 
type are-

Nambucca to Farquhar Inlet (100 miles); 
Hallidays Point to Tuncurry (9 miles). 

Carne (1896) mentioned the occurrence of heavy-mineral seams at the 
following localities:-

Harrington Inlet, at the mouth of the Manning Hiver. Seams ranged 
in thickness from 4 to 15 inches. 

Tacking Point Beach. This is presumably the beach immediately south 
of Tacking Point, 3 miles south of Port Mac/luarie; thickness of seams 
not recorded. 

Farquhar Inlet, at the entrance to the sonth channel of the Manning 
Hiver, 75 yards back from the beach. The black-sanel layer exposed 
at a depth of 7 feet averaged 10 to 13 inches thick. 

Leases are held as follows:-

Macleay Hiver to Hastings River: 

Special lease applications
No. 131. L. W. Kirton. 
Nos. 99, 101, 102. Mineral Drpooits Syndicate. 
Nos. 110 to 116. 
Nos. 193 to 195. 
No. 204. 

" 
" 
" 

Hastings Hiver to Manning River: 

M.L. 12, ]3. Zircon. Rutile Ltd. 

Special lease applications-
No. 87. F. O'Sullivan. 

" 
" 
" 

No. 78. 
No. 74. 
No. 84. 

A. O. Roggis & O. Gnmb. 

" " " " " " G. H. and J. A. Wat.<;on. 
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MYALL LAKES TYPE OF COAST. 

Lagoons and lakes are barred from the sea by comparatively narrow areas 
of sand dune and swamp, fringed by sea beaches. This type of coast occurs 
from-

TUl1curry to North Head of Port Stephens (46 miles); 
Hunter River to the Entrance, Tuggerah Lake (34 miles). 

In the latter section, near Swansea, National Minerals Pty. Ltd. are working 
ueposits at Caves Beach (Hams Beach) and Catherine Hill Bay. They are 
small but have been repeatedly regenerated during storms. Carne (1911) men
tioned beach sand accumulations of heavy minerals near Seal Rocks. Presumably 
this is near Seal Rocks Lighthouse, Sugarloaf Point, east of Myall Lake . 

Leases are held as follows: 
Charlotte Head to Sugarloaf Point: 

Special lease application-
Nos. 80 to 83. National Minerals Pty. Ltd., 

Lake Macqnarie to Tuggerah Lake: 
M.L. 34. National Minerals Pty. Ltd., 
Catherine Hill Bay Beach {WOrked by National Minerals Pty. Ltd., by 
Moon Island Beach arrangement with holders of coallel!ses. 
Special lease applications-

796, 797. National Minerals Pty. Ltd., 
755. M. T. Weatherall and others. 

WOOL I TYPE OF COAST. 

Small and narrow coastal plains intenene between highlands or plateaus 
and the sea, and they are fringed by sandy beaches and minor coastal dunes. 
This typc of coastline appears from-

Angaurie Point to Wooli (28 miles) 
Farquhar Inlet to Hallidays Point (8 miles). 

At Wooli, 11,000 tons of concentrates were produced by Porter and Derrick 
betweeJJ 1935 and 1939. Probably any deposits found on this type of coast will 
be smalL 

Lease M.L.39, north of Angaurie P{)int is held by Tweed Rutile Syndicate. 

Special Lease Application No. 77, north of Walhibi Point, is held by Mineral 
Deposits Syndicate. 

Sections of coastline transitional between the \Vooli type and the vVoolgoolga 
type described below are-

\Vooli to Yarrawharra (13 miles). 
CoB's Harbour to Hungr~' Headland (16 miles). 

Leases in these sections are: 
Special lease applications-

No. 305. W. E. Fitzpatrick. 
Nos. 60, 61 ( 1) . W. S. McColl. 
No. 86. L. W. Kirton. 
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WOOLGOOLGA TYPE OF COAST. 

Highland or plateau country extends practically to the sea and little or no 
coastal plain is develo~d. Much of the shoreline is rocky but short beaches 
occur between headlands. This type of coast appears from-

Yarrawharra to 2 miles north of Coffs Harbour (15 miles). 
Hungry Headland to Nambucca (8 miles). 
South Head to Port Stephens to Cemetery Head (9 miles). 
The Entrance, Tuggerah Lake, to Collaroy Beach Townsite (30 miles). 

Deposits on this type of coast are probably small. At W oolgoolga, 4 miles south 
of Yarrawharra, 1,997 tons of concentrates were produced in 1943-44. Minor 
deposits are known at Terrigal and Collaroy but no appreciable tonnages could 
be obtained from them. 

Leases are held as follows: 
Special lease applications

No. 300. D. W. McLean. 

No. 304. "" " 
No. 173. W. S. McColl. 
1\1.L.1. R. Johnson (abandoned). 

South Coast of New South Wales. 

Towards the end of 1952 a reconnaissance was made of the coastal area 
between Batemans Bay, about 120 miles south of Sydney, and Bulli, about 23 
miles south. It was limited to inspection of beaches and dunes and sampling 
beaches by means of shovel holes. The only localities where heavy minerals 
were found in sufficient quantities to be possibly worth working were at Shell
ha~bour _ and Bellambi. At the former locality small accumulations of wave
concentrated mineraL'l, comparatiyely low in grade, appeared on and near the 
beaches. These were later s<lrnpled, and abandoned, by Mines Management 
Pty. Ltd. At Bellambi bf'ach, a 6-in. seam at the foot of the low forednnc, 
where sampled, contained 667 lb. heavy mineral per cubic yard. The area is 
held under lease but the reseryes Hre probably only of the oder of ] ,000 tons or 
so of heavy mineral. Other small concentrations are known to occur at Port 
Kembla and near Anstillmer. 
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PLATE 2 
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RECENT l%,fJ:.;''''''....,y,...,., m p.Itcer ..... .v 
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[AJswamp , 

M I D·RECENT ftiil ~:::::~/4' "jill lJYel'luden 81l/uarluaml 

PAL~:~ZLJIC E3 SemllMnfs, l»'eNm in p~ ~ Terliilty 68.sa1t 

RESERVES OF HEAVY-MINERALS -IN TONS 
DEPOSIT RUTILE ZIRCON ILMENITE MONAZITE 

( I 86,200 79,000 55,200 1.180 

(2 9.200 6.600 10.300 200 

(3 18.900 16.800 10.500 250 

(4) 2.850 Z.60D I.G50 40 

5 9.600 7.300 5.700 110 

16 NOT DETERMINED· PROBABLY 
17 HIGH IN ILMENIl E AND RUTILE 
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~~~'~"~' !Is."1 Flat Rock. @) 
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RESERVES OF HEAVY-MINERALS-INTONS 

DEPOSITS ZIRCON RUTILE IlJAENITf YlNAZrTE TOT A L 
I I 23.150 13,250 10,200 2as 47,500 

~ 26.500 22,300 14.100 
13 
@ 26O,OOC ZZ3,OOO 131.000 

( 51 101.500 82,S00 <ta,9OO 

55,000 
330 

8,600 

3J4iO 640,000 

750 2".00~" 
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PLATE 4 
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'-<=II-==0z,.."""" .... "".i:1 ===2~ __ .. ' MILES 
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I ~ I Swamp 

R EC E NT [::..;..1 ilJw-lying,sand!l, ~inplaces,peaty 

~S.-~"d ~u,,' 

I ~ I Heavy-minePBI deposit. gener>a/ly with 
~ oref'buf'den of' quafitz sand. 

PA l!~ ~ i ~ IC g Se~inenls,oJI!?Psti7 in places b!l reptiaf'!I basalt. 

RESERVES OF HEAVY-MINERALS -IN TONS 

DEPOSITS WEIGHT MINERALS WEIGHT 
J) 25,100 ZIRCON 81,600 

(21 77,100 RUTILE 68,200 

13) 32,000 ILMENITE ~9,SOO 

14 6",700 MONAZITE 1.140 
I!) 4,800 OTHERS 8,500 

193,700 TOTA L 193.700 
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WHARF ROAD BORE LINE SURFERS PARADISE 
Datum : High "ater ma"'" /. 7·/919 IISSumetilo 6e 7· 0' 

00 

----- --
______ - Afean--=-~ '_' ___ L ow ________ _ 

BORE LINE 16075 NORTH BURLEIGH 
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SOUTHPORT AND 
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PLATE 19 

SECTIONS ALONG TYPICAL BORE LINES 

BORE LINE 23175 
(PROJECTED NORTH) 

~DC _____ = __ = ____ = ____ ~ ___ ~_---~-~---~--=---r. __ -=---_~---= ___ rr_= ____ = ____ ~ ___ ~ ___ ~ ____ ~_~----~--~ 1 \ ----______________________ _ 

Datu,,: High 1liJ1eI'~1'II 
ffH·1911, 81S1IIMfI1o lie 
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-----------....... -... _-

--- - ... -
t __ ~E.!!..-____________________ ____ L 0 w _______________________ ~-.:::-___ /Yale!" ___________ _ 

BORE LINE 12635 BURLEIGH 
Oalum: High wate,. mal'/r 17-E·I91.9. i1S5umetilo be 7'8' 

~ ~ 

~ ~ -..---

ea n 
percent~ Z I ReON 26 ----36--

29 44 
comPOSition RUT I LE 18 22 19 27 29 (approxllf18lrJ 
lowilte,./ml. ILMENITE 54 41 52 27 30. 

MONAZITE 0 0'1 0·1 0'6 0'5 
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~ .. ~" 
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____ ----1f.afe,. __ _ 
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