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§1OOIARX'. 

JWfEBAL JmPO§Xf.S 01 ~m RIa UEA9B 

ABBA. HQ.Um EAtiT QYEflSJ,AIP· 

. !be deposits.ot heavy mineral sands along the East Coast ot 
Australia, are being iny.stlgat~d primarilY to deter.m1ne their content 
ot mona~1t.~ At Palm Beaoh beneath the toredune and ad3acent low 
trough-11ke area on the landward side, a total ot 47,000 tons of 
z1roon-rutlle-1laen1te-monazlt. concentrate ocours 1ft 200,000 
oub1c yards ot Sand. The average grade 1s ;13 lb. ot heav" 
mtneral per cublcyard of land. Scout boring of the cos·stal 
plain ~.st ot these deposits tailed to locate more than traces ot 
he.v" m1nerals. The greater part of the area in which the ~epoe1t. 
occur has be.,n ·bu.!lt on tor res:tdent1al :purposes, but an est1mated 
12,000 tons ot heavy 111n~rals to"arde the northern end oontaining 
70 tons of aonarlte lr. still available tor mining. The thorla content 
of the monazite has been dete1'll'.ned to b~ (6.6 -t 0.3) per cent. 
The percentagesQt zircon and of monazite in the concentrates 
decreale appreelabl,. trom the southem end of the al'ea almost to 
the northern tip, whllft the percentages ot rutile an~ of llaenlt. 
oorrespon~1nglY 1ftCre&Se. At the northern tip of the area, 
adjacent to the mouth ot Tal1ebudgera Creek, this steady Change 1n 
composition 1s reversed, v1%., t~ percentages ot mona%lte .04 ot 
z1rcon inorease;1b11e the percentages ot rutile and of Ilmenit. 
aecrease. This variation 1n the co~pos1t1on ot the concentrates 
suggests that the rate of transport ot the heavy mineral grains b.r 
the Iw;-t and by the tidal curr~mt at the mouth ot Tall.obudge.ra Creek 
1s related lnvereely to the specific gravitles ot the gralns. 

A. XlDQmro'lOl~ 

1. ~~IJ PRrR2!Q 2: phe In!!stigatlonA. The prlmar" a1. of the 
1nyes 18 10n was to determine the reserves and distribution of 
monazite 1n the deposits ot heavy mineral sands slong the East 
Coast. These depoSita contain mo~t ot the known world reserves 
ot Zircon aD3 rutile ( Fisher 1949 (a) and (b» tor wh1ch they 
are b~1ng exploited at various localities, mainly tro~ Worth 
Stl'adbrok'e Island in Queensland to Ballina 1n Ifew South tides • 
l·on.~lte toras little 1I10re than 8.S per cent ot the .1xed con­
centrates, but oan bs.recovered as a by-product from the separation 
ot the otber minerals. The l1onaz1 te torms a source of supply ot 
cerium and also ot thor1u.. The thorium content ot the mona~1te 
is 4etermine~ on the basis of its rad1oact1v1.ty. 

2. §!tul~ionl Palm Eeach 'is 6i to 8~ miles no~thwards along 
the Paolfic Hlghwey trom tho Queenslend - Bew South Wales bordef, 
between Bur1e1gh Head on the north, and Currumb1n ~~eQdland on the 
south. The area 1. separated from the beadl8nds, respeotlvely,b,r 
Tallebndgera Creek and currUmb1n creek. Plans of the Palm Beach 
Area and 1 ts depo,,! ts of heavy mi.nerals , with 11 local! ty liSP, are· 
given 1n Plate 1 at the end of this report. 

3. ·'eeeg.a The township ot Palm Beach is travers'l0 from north to 
.outh t . e Paoific HighwaY', and is approXimately ,. mile eaot 
of F-lanora ~a1l~ay Ftat1on, on the railway from Brisbane to Tweed 
Hea~.. . 

4. H"p9Dalb,11tz·tpr ~f9~1~pr th'-BrI9~\a The various seotion. 
ot this report were campi ad ho.e who were Nost o1rectly 
responsible tor the condUct of the respectiv~ portions of the work. 
In general however, each member of. the staff assistea in several 
phases of the investigation. Mr. T.n. Dimmick, now ~ offioer ot the 
QueenslrmtJ Ceolog1cal Survey, carried out the :orel1Ja1ne.I'Z" field m:n:'k 
in the area. Yr. 3. Ward, a •• I.ted b.r Mr. L.R.,Lee waS reaponB1bl. 
for Lahor~tor,y work, ~~cluding tho separation nnd examination at 
a1nera1s. M1$s L.U •. Edhouse oarried out ~ad10metr10 determ~n.t1on ot 
qUantities or mcna:d.te, nnd invcst!gati,ons of" thp. thor1a content ot 
the Ilonazt t •• 
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B-. IPeOQRAfDX. 
!be Palm ~e8ch Area comprises a sand dune belt ad3acent to 

the bARCh, and a loVl lying C08$tal, plain, which separate. the sana 
dune belt trom the higher country to the west. The ~1dth ot the 
e80d dune strip ad3acent to tho beach vsrles from 400 feet to 
1000 feet. Its height, referred to mean low water (see footnote) 
ranges trom 8b~ut l' to 2' teet. and is mostly within a toot or 
two of 20 teet. Except tor the northernmost 1400 teet and the, 
southernmost Soo teet, the dune strip l1es .ith1n the boun~8rle8 of 
the Town of 'ala Beach. 

, " 

The coast8~ plain between the beach dunes an~ the higher countr.r 
1nland 18 comparatively narrow, varying in width trom about half 
a mile to a m11e and a quarter. Bacl along the ·valle7s ot the " 
two creflks the plain extends &anther mile or so, Section. ot the 
beach and sandy area showing the surface prot11~ are given in 
Plate 2. Rinoe most of the land adjaoent to the Pacific Highway 
is built on, the natural surface has been destroyed in may plaoos. 
However, most s8cttons show a !oredune at the top of the beach, 
ann the crests and trough. ot the sand ridges pa~A11el to the 
beach are seen in the protiles of 8everal bore I1nP.s .here th., 
are still preserved, tor example. lines lo66n and 66978. The' 
Rea.ard side of the fored.une 1s held reDson8b~ t1ft1lf by " lODI 
trailtftg g~a88, Sp1nitex hirsutus, charaot~r1stic of the sand~ " 
areas expose" to the prevailing wtnds~ end'occ&RioftRlly t~ erosion 
during ~to~ periods. Ooat'a-Foot convolvulus, a tr.11ing' 
Vine! and GUinea Plower, a tra1!1nR shrub appARr along with the 
Spin fex. The area behld the foredWlt has lal'flP!l1' been cleared, 
but patches are atill oovered b.r the nat1v$ vegetation - typioal dune 
scrub, 'composed ot banks!., Cupan1a, with other low trees, heaths, 
bracken and gratses. 

Portions of the low-lYing coastal plain are illustrated 1ft 
the prottles ot· the scott t bo~1nl Unes and the western ends ot 
10 •• ot the other lines. !he nOl'tbe:m parts ot the coastal pIam, 
eatend1ng trOll about the lat! tude ot 23rd. Avenue northwards to 
h!allebUdgera Creek". is mad. up ot tidal sand flat. 1n var.yin, 
.tages o~ reolamation by vegetat1on, progressing trom • nearly 
pure ,turf ot saltwater couch throulft a mixed stan~ ot salt-water 
couch and tuah-l1ke sedges to a1m!la. fiats u1th stfllnCls ot sw .. P 
sheoat' and paper-ha~k tea-tree. !he eastp.rn margin ot the 
coastal plain, adjacent to the coastal dune area, and pnrt10na of 
the western margin of the plain are fringed by sw~ps which 
support tall paper.bark, common reed end rush -like 'edgeS. Tbe 
saDd" but low-lying, central area, traversed in its u~per " , 
po~1on b.Y bore line 2636-southl __ (plate 1, F1g.3.) sup~orts a 
tora of open forest, dominated u.r sc~ub-box and bloodwood, with 
an undergrowth ot shrubs, vineSJ heath, bracken and bladY grass. 
The uorthern port of the centr~ sandy belt 1s fr~nged by a lower 
are., a little above swamp levelt with a somewhat peat.Y-lo11, 
characterised by paper.bark, blaay grass and other grasses, in4 
rush-like sedge •• 

c. <llfIBAIa QlRJ,Qqr. 
!he COastal dunes, qUite recent in ageJ are composed ot 

unconsolidated quartz sand, along with smel1 quantities of he • ., 
minerals. ~e dunes ad3acent to the beach overlie "seams" of the 
heavy minerals - p~1nc1p81lY zircon. rutIle, II.enite ~d monazite. 
~e8e wer~ depos1ted b.v the surt durtng stormv .eather on the 
upper portions ot the beaoh. in per1od~when the beach was a little 
to the west of its present position. The coastal plein, like 
the"dunes, 1s reoent 1n age. The plan ~1ven in Plate 1. Ftg.3. 
suggests ~hat Currumb1n Creek ~cy have rlo~ed through the coastal 
pl~1n west of the dune strip 1n a channel now occupied by the 
narrow swamp which traver.es the area from south to north. !he 
p~ Beach Area 1s bound~d on the west by Lowpr Paloeozioc sediments, 
which torm. the d1~d. between Tallebudgel'a and Currumb1n Creeks • .. • • rsO!Op, Mean low water 18 regarded a8 2ero "l~vel and has been 
• ope 86 the ~atU81 tor levels in this report. !lean Sea level 

• 

18 a~prox1matoly 3 teet, and mean hlgb water level is appro21ma~e1Y 
6~~ -
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c. jifJERAL groLOCU:' ponT. 
Similar sediments form sharp d1vldes to the north and to the south, 
respeotlvely! of th~pe creek8~ and ext~d to ~ho coast to fora 
:Burleigh Head s and Currwnbin Headland. !'he higher portions ot 
the divides are capped by ttert1ary basalt. 

D. HEmOD or TES'.f~'Q. 
I.. laRPlng. The deposits of bea"" .1ner818 were bored for - -
the purpose of obtaining ~ampl~g end at the 88me time, loca.ting 
boundal"les. '~he pOSition of bores in the dune area "ere ttecorded 
by taping trom fences en~ allotment pelS and w~re plotted on 
the QUflensland'Lands Departaent plen ot Pala Beach, Sheets 1 an~-
2 ( scple : 1 inch equals 4 ohains). The northernmost bore 
lines, which a~e beyond the boundsr" of the Pat. Beach Township, 
were cap~ed by means ot a plane table and telescopic al1dade. 
The positions ot the soout bores and bound8r1~s within the coastal 
plain were located by compaAs~pac1ng surveys, and plotted on a plan 
baaed on the queenalmd Lands !~epartJDent lIap of the Parish of­
!allebudgera. !be data are reproduced in Plato 1. Pig. 3, on a 
scale of 1 inch equal s ;00 feet. The b()und8r1f~. ot the Palaeozoic 
sed1Jllents were sketched onto the Lands nepartment Parish and 
!own Plana, and are approx1mate only. ~ese boundaries are shol8l in 
Plate 1, FIg. • 2 ana 3. 

2. BPr1'11. Prel1m1nary boring and sampl1n« ot the beach ana 
~une st:rip was carried out during April and Kq 1948 when bore. 
were put down to ground water level. Additional borins was done 
in April 1949, again to ground water level. to define the 
boundaries ot the heavy a1neral depolits. In lloyember, 1949, so.e 
ot the earlier bores were dep,pened and sampled belOW water lQvel. 
At the salle tine scout borinl W88 undertaken in the coastal plain. 

3. S!!pl~lt During the prel1a1nar,y boring, a.-ples were taken ot 
any 8*DQ w10 appea~d to oontain appreciable quantities ot beav,r 
mInerals. Subsequent bores were sampled in sections trOll top to 
bottom, whetber mineral appea?~d to be present or not. The 
reason for this complete saapl1n. is that conoentrates wIth a 
eomparet1vely bl,h zircon content tend to be gr~y rathn~ than 
black. As R result, send 'With several pf-r cent ot luch concentrate 
18 liable to be let~ unaampled. The samples were reduced by 
qUarterIng to • convenient slz.~ about 700 or 1000 cubic cent!aetres 
and bagged tor despatch to the r!eld laborator,r. 

4. t:\'°ifljg~ QJilDt1ti,s"Of bIll" am.."... Sallple. were 
~r1ed 8n~ their weigh n and vo umes were measure. ~e heav,r 
~1ner81 concentrat.es wore then separated from the samples by means 
of a laboratory 't')iltley Table and the ?Je1[l!htl end volUlilall of 1;he 
dr,r c9ncentrates were measured. ~he quantIties of heavy minerals tn 
the samples were them exprs&~.d a.s weight per cent and Itibs/per ou. 
Y4", (pounds weight of heavy m1nflral concentrates per cubic yard 
of sand) and are given In Ta.ble 7 at the end of this report. 

(b) ~tel!!nAtloa pf, CQmp28~]!gn! at ConglD~r8tel. The 
average percentage compos1 t10n of the hea't7 mtneral concE'ntretes ,In 
the area was ob+'a1ne~ from a com~os1te ~nmple from each bore l1ne. 
'J'he composition of the composi"te sample W~~ determined by 
separating the ~ample Into a aap,netic and ft non-magnetic traction 
on a Frantz Isodynaliic S~par&tor 9.nd g'ra~," comt1nc thE': two 
tractions. The monaz1 te content of the saJl(ple was .etermined 
rnd1o:etrioally. The •. verage compos1 t:f. on of the heavy mineral 
conc~n~rate in the er£i~ 1~ given 1n Table 3 o~ this report. 

(c) .vk\r1Qt~ rrJmn~s't~~op. Q1" tbe U!lUXJI'1AGNil qPAgftatri~" 
an ,", t p 'rho!'! r,,, t" ·~onactt.. In order to detect a!'J'" 
vnriat10n !'1l.1C!l r'};1ght occur in t air compot;~-t~.0ns the concentrates 
of the area were grouped into composite ~cmples r~presentatlve ot 
the heavy mineral in Duccoos1ve portions ot Dlock 2 ( shown 1n plate 1~ 
Figs. 3 and • ) tro. south to north. A sln~le campn~1te eample w •• 
made up to reproDGnt Block 1. The oomposite s~ploG were made up 
tra. the various bore line. as shown in Tabla 1. 
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Llbot.t0rl ro£k,con). 

" :rAttLB ali. Palm Beach Area. Preparation ot Conpos1te Sample to 
o Examine Distribution ot Heavy Minerals. 

COMPOSITE 
SM:~LE 

Blockl. 

C.l. 

C.2. 
• 

C.). 

0,4. 

! 

• 

I 
I 

\ , 
'j 
I 

~ 

, 
I $ 

BORE ·LlNES-J.i'1icr~ WHICH SAMPLES WEBB . 
TAKFN TO MAKE UP OOllPOSrI'E. 
Line 4OW, tine 4401', L1ne 8ooW. 

Line 22401 and line 1890H 

Line 00 end L1~e 1066S 

Line 29668 and Line 45768 

Line 66978 and tine 73648. 

Pase 7. 

, ~ach composite sample was divided into two portions - one port1on 
for the "~terminetlon at the contentot mlrcoD, rutile and llaenlte, 
the other for the determination ot percentage mona~lte. 

(1) Zircon Rpt11, ADd illenit., The sample was separatea mag­
netically on a frantz 18ody.n~10 Separator g1~lng a magnetic fraction 
mad., up mostly of Ilmen1te with a l!ttle mon~zlte and a tew grains 
ot garnet and tourmaltne, an(l a non,;,ucnet1e traction ot zircon 
and rutl1e. The zircon and rutile were separated electrostatloally. 
The magnetic fraction and the zircon and rutile concentrates were 
weighed •. ~de composition of the aagnet1c traction was dotermfned by 
grain countirig. 

(11) ~'2iti. Geiger-MUller gamma-ray counting equipment was 
standa~d1se~ cr the mon.rite of the co~pos1te samples of the 
Q~ea by the following method I a quantity or mona~1te ( Footnote 1) 
was prepared from ooncentrates of the area. We1gh~d amounts of this 
monaz1te were mixed with weighed amounts ot zircon, rutile and ilmenite 
to tora concentrates having the approxtaate compol1tlon ot the .1xed 
8ampl~a i.e. the composite semple. The counting rates given on 
the Geiger-MUller equipment by these s.-ples of known mona~lt. 
content were recorded. The second portion ot each ot the composit. 
samples was similarly tested by aeans of the cal1brated eqUipment, 
and the Geiger-MUller count tor eaoh sample was converted into 
percentage monazite. 

(iii.) ,Ihs<J1a Sig,tPDl RI Monad. •• A aonasite ooncentrate wa_ 
separated trom a composite sample representing the Whole area. 
The thoria content of this monaalte was tested radiometrically 
by comparison with a standard monazite containing 6.6_ thoria. 
Conazlte concentrates were also separated out tram composite samples 
representing Plock 1 and Block 2. Ae the quantity ot mnnazite 
obta1ned trom these composites was too emall to till the •• allest 
ot, the sample contBiners for whIch the Gelger-MUller eqUipment has 
been cal1brated,~ .zircon (Footnote 2) \J88 added to the .onazit. 
to make up the required volume ot the sample. The standard mon8~lte 
.&8 then mixed with some ot the same £ircon, suoh that the proport1ons 
ot IIOn.lite end 21rcon approximated to those 1n the lample to be 
c1etel'lD1ned. The thoria content ot the l1onaz:l. t. 1n the two 88J1lplea 
was then compared radiometr1cally with the,thoria content of the 
.tandard monazite. 

_ 1 

•• fiamom R} This "monazite" waS actUally a conoentrate containing 
monaz 9. !t was not necessary to prepare a 100_ monazite 

concentr.ate to obtain the r€quired results. 

rgplNOZB '2) The zircon 18 itself oonslderably radloactive.'However, 
1t was chosen to supplement the monazite because its specific 
gravity and grain size are sufficiently close to the specific 
gravity and grain size of monazite that little segr~gatlon ot the 
m1neral~ oocurs atter. mixing. The rad1o-aotlvity due to "the ~lrcon 
1s pre-determlned and the allowance tor 1t 1s made When estimating 
monazite and thoria. 
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1. :fn~r 
• ~ e p ans given Plate 1, Figs 3 and 4 show that 

the'c)epo' ts ot beav.y a1nerals occur trom the northern end ot Pala 
Beach to a~prox1.atelY 10,000 t~.t south, and var,r 1n width frca 
80 teet to 400 feet. The average width ls lS6 teet. !he average 
thiokness of the deposits (Table 3) is 3.3 feet. In the sections 
ot Plate 2 it is s~en that nearl,. all of' the heavy .1neral occurs 
beneath the long foredune and the ad jacent trough-I.ike depreseion 
on th@ land.ward side. Little heavy mineral occurs on the beach 
except at the north~rn tip of the area, a short distance inside the 
mouth ot Tallebudgera Creek. 

(b) gha~:i4 Att1~ !be depos1t~ extend unbroken tor 
consider. Ie d!~ances ~ 81 to the beach. In cross section, 
that 1s t a seotion in a vertical plane at right aD.«les to the 
beach, a seam co~only appears wedge shaped, tapering ott 
gradually down the b~aoh and dipping bodily dowa the beach at an 
anIle ot • tew degrees. The sectlon on Plate 2 ot the 10668 bore 
l1zie show. that such a se .. h •• been intel-sected 1n bore holes 
24. an4 00. A s1l111ar 8e .. ot lower 6r&de appears to ha"t'e been 
intersected in boreholes 00, 21B and 60.. Commoo11 two or aor • 
• eeaa, each parallel to the beach and dipping toward. 1 t, are 
al'rarlged en echelon and overlapping troa ealt to west, torain« 
• coaposite dep08it. 

(0) %hI ltD1• It 'high t~ D!PR.~'I ec~ur.· The most important 
of the depo.its oocur ad3aoent 0 thp. eac etw.en .ean sea lev.l 
and extr ... high tide le •• ls. Wind tor.ad deposits occur 1n the 
dunes at h1,b,r levell, and .inor concentration. due to tidal 
currents appear at lower leve18 '1thin the mouth ot ~a11ebudgera 
Creek. 1ftle botto.' or the depo.1ts are JIO.t17 at a 1.vel of 3." to 
4.J teet, that 1s, eighteen inch •• or 1.ss abo.e .ean sea lev.1. At 
the northern end ot the ar •• , adjacent to Tallebud,era Creek, deposits ot 
comparatively low grade, tro. 120 to 300 Ibs ot concentrate per cubic 
yard; persist down to a toot below •• an ~o~·.ater, or approxtaatelr 
4 teet below .ean S8a le"el. In the reaamder ot the area. fro. line 
1890:1 to 73648, the logs ot thr.. bores report heav Idneral,' below 
..an se. 1 • .,.1 (but above low 'ater level). Each or these three bo1'es 
,a8 put down near the top ot the b.ach, S()Jlle time atter the 'bore sit • 
had been levelled. It is possibl. tha~ the U~per portion ot the beach 
had by then bpen bu:tl t up a toot or two by wind-blown sand. If 80. 
the level of the hea.., ~neral woUld be h!gher than reported. !b. 
tops ot the depos1ts are usually 10 to ,12 ft. above mean 10' water, 
although the sand ot lower gradet 120 to 300 lb. per cubio yard, 
occur. in addition In w1nd-for.ed d.eposits 1, to 18 teet above .ean 
low water. Details ot tbe levels ot the deposits are su..arlsed in 
Table. 2. 

120 to 300 

BmWMS, 

Averag. 11.0 
Extre •• range 6.~ to 13. 
Uaual ) 10 to 12 ~ Range. ) 

Average 11.9 
P-xtreme R&n:ree 6.2. to1S,. 
,Usual .anc 1; to 18 

8 to n 

Avp.rage 4.4 
Extreae Range. 1.; to8.0 •• ' 
USUal); ;,.L 
Range . ) 3. to 4. p 

Average 4.0 
Extreme Bange -1 to 11 
Usual) -1 to 1 ~ 
Ran,e) 3." t04. ~ ~ 

) 10 to 12 X 
»epo.!ts fromed by. wave act1on~ 

X DepOSits tormed by wind action. 
+ It m~ be necessar,r to add 1 to 2 teet to the lower 

level (see notes preceding this table. 
~ repos1ted at edge ot creek,' a short distance inslde 

mouth of creek. . 
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Cd) ~c9Yt Bor~g in ~he Coastal Plaiftt The scout borins 
in the 8an y portions of t e c08.8-t81 plain a11~d to locate 
more than faint traces of heavy min.,rale. Some of the ECout . 
bores w€>rf' sited near spurs snd "islands" of Palaeoro1c 
set!lments 8J;ainst whIch depos',ts ot heavy minerals should be' 
reta1net1, it Bt any time they had bep.n forlJ1~d 1n thj,s erea. 
Furthe~oret bores put town by the 71no Corporation ( Donaldson 
end stuart!, 1948) neal" the "f,lanora" and "Inland" l:lnes to depths 
or 17 to ~, feet f~11ed to tind more than traces of he8!y 
mineral. The best sample, from Bore No.8, contained 0.8 
per cent by volum~ of he~v,y rn1nerals trom 29 teet to 3S teet. 
The results of the boring by the Bureau ot Mineral Peeources 
leat! to the conclusionthet, down to a~ least several teet below 
mean lon water level, no depOSits of heavy minerale occur west 
01' thosn shown in Plates 1 and?. "Considering the favourable 
positIon of the Zinc Corporation bores in relation to the spure 
of bedrock, it eppears scfe to conclude that no ~e~o81ts occur 
down to at least 30 ft. below mean low •• te.. Be CUll ley (1948) , 
has recorded that bores sunk to depths ot trOll 30 to 70 teet 
at the extreme southern end ot Palm Beach, in the Area around 
Birch leland, interseoted no blaok sand de~oslts, although 
beach San4 \fa.s enoounter(:'d tht-oughout all of the bOl-es. 

2. lWDR!E§. 
(8) !ptal Re,erres- A summar,y of the to*al reserves or hea~ 

minerals and quantities of overburden 18 given in Table 3. while 
a statel1en t of the reserves between each pair of bore lines 
appears in Table. 6. netai1s of bores and samples are g1v~~ 
in Table 7. It has been necessar,y to dec1d~! somewhat arbitrar1ly, 
the minimum grade ot mineral. bearIng sand wnlch should be inoluded 
&8 reserves, 8nd the minimum thickness of sand ot any giVen g~a~e. 
The Jn1n1a\1ll grade has been fixed at 120 lbs. weicht of heavy mineral 
ooncentrate per cubic yd. ot sand. Th1s is a little greater 

" than 4 per cent by weight. (Footnote) The minimum quantity of mineral 
waS decided on the basis that the product ot thickness ot seam 
in teet and pounds of heavy m'neral concentrate per cubl0 y'ard 
should be at least 300. Thus a seam which has a p,rade ot {lOC 1 be 
of concentrate per ou.yd. must be at lesot 6 inches thick, and 
8 seam. of mintmum gradel viz., 120 lbo pe~ au.yd. must have a 
thickness of at least 2ct.6 inches. It mQY be noted that the 
tonnage or heav,y minerals given in !able 3 is made up almost 
entIrely trom deposits of nuch higher grades than 120 lb$ per cu.rd. 
Thi8 become8 clear trom the figures given tor overall average grade 
(Table 3) , tor the average grades of the various sections 
of the ~epo81t8 ( Table 6) and tor the average grade at each 
ot the bores ( Table 1) ~ '!'he seoti(')ns of the heavy mineral sands 
fn plate 2, are somewhat misleading, in that they appear to 
show more or less equal quantities of sand of the higher and 
lower gr@oes. Actually, there are more or less equal thlckneeses 
ot the .an~s. but the quantities of heavy minerals in the hir,her 
grade deposito tar outweigh the quantities in the lower grade 
sands. A deposit has b~en cons1dered to extend across a bore line 
to the first bore which fa~,ls to intersect sufficient 
mIneral of economic grade as defined above. The quantity 
ot mineral encounterc-d at the previous bore is assumed to 
taper oft to the insufficient quantity at the edge of the depOSit. 

til 
_ ill 

rQO~Q%V. Figures for weight per cent and pounds per 
cubIc yard m~ be interchanged on the besls that 1 per cent 
bh .Iight equals 30 lb. per cu.yd. (apprcx1mately). This 
relationship holds reasonablY well UD to about 30 per cent, but 
as the percentage by weight continues to rise above 30, the number 
of poun6s weight of mineral corre8pond1~g to each 1 per cent 
becomEti 1ncreas:1nely larger. 
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TAB!,' 3, ,ALI uACJi AaA , SlJ8HW: or QVAlfTITDS, 

PitJe 10~ 

BLOCK WEIGB'l ,OJi' VOLUME' A. VFRAGF. 'lJ" CIafFSS .. AV. GItADE. 
AS SHOD D Area !mAW lIlIf .~ft ... r"t.L OVER- MINERAL OVBR- OPMI"~AL~ •• 
PLATR It PIG ••• SQ.YDS. CONCf'.NTBM'E DEPOSI1fn BURDlIf DEPOSITS EtmDD LBS OF CONCEITRA 

(JfOJJS) CU.1mo1J. 'CU.YDS. Fr_ n. PElt CU. YD. 

Block 1. 10.984- 1,231, 11.978 2,4~1. , 3.3 ,0.7 230 
.. ', 

Block 2. .;t1~t812 4;#881 193,691 260,718 3~3 4.; ?31 

'!Oi'AL. 18;,196 41,112 20;.669 263,149 3.3 4.2 $13. 
, , 

I - • . ; -

. 
- I MOHAZI1'E ZIRCmr R~ILE ILllElfI'l'B 8BlIB!r Ott'HER 

JaNFRALS -
!''FRCEM'JtGB 0.5'3 I ~O.l 3~.6 22.3 0.3 X 1.3 

-

l'JEICBT (TOIB 2;0 , 18,891 16,772 1~t;06 142 SSl. 

x.. ~1s figure is soltOl'Ihat'low : var1abl.e p?oportio!l$ ot tha~e m1nera18 are lost when the 
sand is beine. tabled . _ , 

_, The Uotber Ijinf:ra1~ It a:re chiefly tourmaline ana Leueoxene t with lesser amounts o~ epidote. 
spinel and occasional" grains of corundum, staurolite, kyan1te ant] amph1bole. 
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(b) oggnt1t1Qs no! 1Y811!hl~ for 11n1n~. !he plans given in' , 

Plate 1 show that southwards from the 900Nore line the ~epos1ts occur 
almost entirely within the boundaries of the'Esplanade, and of 18Qd 
whioh has'been largely bu1lt on for residential purgoses. It is clear 
that no~or this mineral will become available for mining. ot the deposits 
north ot the 900N l~e most of the heavy'mineral 11es witbJn the boundar­
ies ot D.0.20 and preswnsblYi 

will eventuallY be ninecl. 'lhe quantities 
derived from the data in Tab e 3 and 4 are .-
total R~aeR§ NOl!th of t2te 1'm€' Ft" 
:~serv0s 0 ~eavy mIners I 2.n ~ons in 69,000 cu.yds of sand. 
Average Grade I 39b.O lbe per cu.yd,. 
Average thickness of deposit.s t 4.0 tt. 
Volume of overburden I 40,000 cu.yds. 
Av. thickness of overburden. 2.3 ft. 
~he reRe~v~s wlth1ng n~. 
§eservea of heav.r ~ne: 7000 tons in 3;~OOO cu.yds of sand. 
Average grade I 46; Ibs/ cul,yd. 
Average thickness of deposits I ;.0 ft., . 
~olume ot overburden : ;8t OOO cu.yds. 
Avera~e thIckness or overburden, 2.7; ft. 

(0) past Mln1D1• nome years ago some thousands of tons of heav.v 
minerals were 0 ta1ned by Rutile Sands pt.y Ltd. fram n.c.?ll between , 
approx1~ately 26th Av. and 14th AvenUe. UsIng the origin wh ch has been 
adopted for the bore lines 1n this ~epOrttVlz.t 27th Ave., this mineral 
came from the upper part of the b~ach trom about 300 t~et south to 4200 
teet south. In latter years, the beaoh front bas been severely eroded, 
and has advanced so tar westwards, that any mineral which might be de­
posited would be outside the westorn boundary of D.C. 21. 

(4) t05S1ble Eptuie hp,pgaits. It is probable that in tu'~ years 
Palm BeBC will aga1n e bu11 t up and advance in an eastward or, 
seaward direction. Fresh deposits of heav.r minerals m«Y then fora . 
east of the present propert,y frontages. ~here is, howe.er, no certaln~ 
that this process ot building up and formation of new deposlte Vll11, take 
p18ce. on~y small quantities ot heavy minerals 8pp~ar on the bosch 
during stormy weatherj although further ,north aloQg the coast! e.g. 
on 1~18.1l1 Beabh, Broadbeach and l~ermaid BesCh! an estimated 1000 to 
2000 tont'! of heavy conc~ntrates anpear ann'ua 1y. The reserves ot heavy 
minerals at pr".sent available tor' m1ning may be the total tuture reserves 
in the Palm Beaoh Area. 

, , 

3. D1slr!butlQD oft tbj H1n~ral ThriU~~ ~h~ oreal The percentages of 
Zircon, rutile, 11men to and mona~ te n t e composite samples ot Table 1, 
:epresent1ng portions ot the deposits from north to south are giVen 
below in ~able 4. 
!tADRl !.' vtr ",,1op 10 llf;lneral Cpmposition of Concmta:atCI' he 

COt~OSI~. PF!HCf I1:L'AGE a 11'11, ~UU'TIOl'f .. 
~fl :rlN HU'l'Il,F. ~.n .. !'; HONAZITB. 

Block 1. 39.8 36.1. 23.7 0.43 

e.l. 38.3 37.4 23.9 0.40 

0.2 39.9 .36.4 23.3 0.43 

e.) 40~' 36.4 22.6 0.$2 

C.4 40.S ,36.1' 22.8 0.64 

Prom Plate 3. FIg.l. it is seen that there is 8 t~ndency tor the 
percentage of zircon to decrease trom $outh to north while there is & 
corresponding increase in the percentages of rutile snd ilmenite. TIowever, 
when Block 1 is reaChedt the percentage ot 2ircon jncreases a little 
while thD 'percentages or rutile and Ilmenite fall ott somewhat. It is 
of interest to note that some correlation caD be made between the dis. 
trlbution of the minerals and their specific gravities. The curves ot 
zlrcon,"ot speoitic gravity 4.66",and rutile (S.0.4.2) diverge a~preci8bly 
while the curve dUe to ilmenite which has an intermediate specific erav1t,y 
ot 4.;, has an intermediate position. 
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~he curve for mOQaz1t$, Plate 3. Pig. 2. is 8pproX1matel1 
parallel to that for zircon excopt1n~ that pa~t of the curve 
whIch r~DrCA~nts thP. most southe~ly portion or ~ho aroa. 1ft 
the case of 711'000 th", curve flattens out tn this J'Osi t10n but 
with monar1tp- the curve cont~nues to rise. 

It Ie !Urr.eete<1 thet the vartations which appea.r In the 
compo~lt1on~ of the bp,sY,y .'neral concentrates are due to dift­
erential transport of the minerals. The transport1np, agent 
along the ma1n portion ot the beach 1s the surf and at the 
northern tip of the teach 13 the tidal current ~hroU,ht the mouth 
ot ~911ebudf,era Oreek. ~e surt trom the PacItlc ~cean strikes 
the beach fro. a soutb-ea.t~rly direction, run~ u~ the. beach 
and s11Bhtly northwards along the beach an~ recede~ ~irectlY down 
the beach. Due to this action, sand prnins move in a z1g~~a8 

peth northwards 81on~ thr boach. !he mona~1te and ~1rcont 
presumably because of their ~ro8ter speoific gra.lt!e~t l~g 
behind the rutile a~ l1a&n1te. ?hus, proceeding from south 
to north, the concentratee tend to be ~nrlohed 1n rut11e and 
11men1t~t and 1mpo.er1shed 1n r1rcon and mona21te. At the 
northern tip ot the altea the surf 1s l"e!,laoed by the tidal 
currents within the .out~ ot !al1ebudgera Creek. ~e mixture 
ot hee..,. m~nerals whioh :reaohes the nnrtbern tip appears to be 
8ub~ected to A process ot selective transDortat1on slml18~ to 
that 1fh1ch operates along the beach. trom south to north. 

4. J!}I !\'hora_ Content.J?t Jhe ~911ld'.~ FigureI'! tor the 
detenatton or thor1a are !Ivan In :alfe ~1 trnm which it 
1s seen that the .on8~lt~ contains (6.6 t e.~ ) per cent 
thol'la • (~e 1nstruaental error 1s :t 0.3). Hence, the 
results 1ndlcate that within experimental 11~ts there 1$ 
no variation in the thor18 cont~nt ot the monazite between ~lock 1, 
and Block 2. . 

tQ)mX$l~nnmfl{SPi 

The neach Sends Inveet1gat1on atonp the ~ueen~1and ooaet 
has ~f!ce1veC1 aft ~dstance hom the ~ueensl and M:lnes Departmftllt 
in the proV1~1on of lease plans, trom the Curvey ()fllee, f,ands 
nepartment In the pbotoCl'apbic r~produet1on and enlargement ot 
t!r ... 1ngs, troe the ~pftrtaent or Agriculture and Stock reflsrcUn, 
the plant Itt. of the areas investIgated and trom operattn, 
cOIpan1el who have given information on ~eacb sand minins, 
past and present. Information regarding rala neach has been 
provided b1 nut11e €)ands Pty Ltd., Cunumb1n, and by the ?1no 
Corperatlon Ltd., Brisbane. In the administrative and supply 
aspects ot the work t much help has teen received fro. the 
state Controller and ott1o~r,s of the ne~artmcnt ot PUpnlY and 
Developl'nent. Br:1 sbane. 

HMnrUcmS. 
Ueay.y Mineral B~.oh Sands of Southe~ Cue ens­
land. Proe.Roy.Soo.Qld. Vol. 59,4, p.128. 

Reconnaissance nur.e? ot Black Sand Deposits, 
~outh F.st CU8onaland, Ql~.Covt.M1n.Journ. 
49 (~61), PI' 223-24". ' 

119011<1,00, g,n Bnd rr.n. AtR.r~ ~ftt Final Report ... :eoaeh Ran<'e 
operations. ~*e ?,!nc Corperatlon Ltd •• 
Brisbane. p.9 and Plan Xl01.0A. 

Fisher, N.H. 1942 e,l Mineral ncsou~ces of Australia, Gurmary ~e~~rt 
!lo.l. - ?1rcon1um. COMrlonnealtn nUMau o~ 
~lnera1 Re~ources, Cooloey and reophys1cs. 

Eisber .. IT In. (bl HU. llineral tesources ot i\ust!'al10, Oumma1'1 t:!r:port 
No.2. - Titanium. r.of..tnonwe81th t"u!'eau of 
~~ner81 nGsoureee, eoology and Ceophysics. 
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XOJfAZID COllCmr!RA-re JW)(% 1 BLOCI: 2. lIlt1r Area. 
BLOCJ:S 1 a: ,.~ 

liOH~I'lE CONCFflTRATE (M1 SEPABATRD FBOII MO'ijA?:ITE Olll) 97.9 JroNAZI'!'E (M!) 9~.2 JIOlfAZID (JIl.flr29.2 
THE IIIXFD ~~.VY CONCENfRATE OF TIn,; BLOCK. ZIRCOW 0.7 ZIRCOlf 1.0 ZIRCON 0.2 

ILJIItfrtE 1.2 IL'~JflTE. 0.8 IL1MlTE 0.4 
O!BF.R MIN~A~a 0.2. CASslTEtUrn. g.2 

1m&. J.!22.Q J.2Q.SL .... "'~.--"1 --KOlfAZI!'E CDNCrN''l'I!A!E (~) (made up froll ~ona21 t~ YONA7,I!J~ (In) 7.7 '~ONAZI'l'F. (1*..2) 29.S THF CQNCENTFA~ !.!SftD 
Concentr~,te O!) shown above ) ~Sr::'rD FOR mORIA (IN ZmCON 92.2 ZI1lCOlf 70.0 WAS T~ MONAZITE COWa, 
Ttm CA~E OF BLOC~S 1 A!fD 2, 'MlIS CO!ro'r.Jl!TRJl!.!B \!fAS MADE ItYmNIm 018- ILlJEflITE Q...2_ CErrm~_TE (ll) STIO't'I1lI ~. 
UP BY l!lKIllG CONCPNTRA'l'F. ll1'JIT'ff ZmCDB) , !nO.- 100.0 

VOBA?I'rF. COUC'PNTRAi'1l: (0). !Rro CONCFn~n!''rn WA~· nADE Ir1)nAZ!'!'I~ (~q) 7.0 HOlfAznE (llS) (,0.0 MONA:!I!! (lfS) 98'A UP BY A1IXIlfG Tan STA'NDAJm lHONA'ZI'!'F. (JlS) !lIm ZP\lCON ZIRCOW 92.9 zmCOIf 9.7 , ILDlfITB O. 
ETC. ,ItMFN11H 0.1 ILMER"r.1"e 0~2 O!BEB MINPRALS 0.3 

-, ~('>o.o_ 
OTHrR UINPRALS~ 

%og;~ > 

MASS OF l~l1AZI'rP; CONCFiNT'RATT'l (T) (r.TGilAMS) 9.910 10.011 10.920 
.. - • .. ' 

IfAJ,S OF ~llAZlTE CONCRlrrRA'PE (C) (INGPAMS) 9.9~ 9.171 11.032 

FXCF~S CVF~ Bf!C~GBOTJBD (comr,rs ~n rmnJTE) nUD TO ' 
67 639 XONAZITB Cf)NCrR'1:RATE (If), 199 

'EXCl'!ct OWB DACKGP.!)UJI1) (COUNTS Pr3 ~ml]';E) Dtm to 
63 200 63!) !.~N;\7~ C(\NCPNTRA~ (C) - --comTTS /GP.AM /lmroTE OF "O~AZr.m 0.11,112 and • .0.42) 111 

(Sg~6 ) :II 66.8 (J.99-~3,8) (632 ) ;8.1~ .MONl\.ZI~ CO~Cgr.JT:RA~ ('1') ALLOWING PI)R COUNTS DUE TO • 62 .. 1 
d 10.333 • zmcOll 2.9 3 (eoants due to zircon 
are hegllp,lble) 

COUM~LGRD!~nmlJ'E OF t:.TrrAZI'1'I~ (MS) Ilf t"OIfAZITB COlf-
CEtrrRA'rE (C) ALtor:I!TG F!'R CPUNTS nun TO ZlP.CON (§~~r-) ~ 66.0 (ioo -12,.2-). 64 1 

- 2.931 • 

. .-
<ia!§n) == ;8.2 
(counts due to zircon 
are neJ!lj,p:lblel 

PF.RCEftTA()E ~ORIA. ( " ) ( 66~~.~ 6.~)= 6.1~ ( 62'~:t6.2f):II6.4~ (~8.~ x 6.6.) .6.6_ -s • 
• 1 -

( ~) Cslculated on the basis of the thorl~content of the standard monazite which chemtcal 8D~ysls 
gives at 6.6_. ' 
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TABLE 6 LOC ALImAw BEACH ABEA. Page 13. 

!'If!"T~r 
I - ToifiAt BE1!'Em {~~bi 

-UTIDTH OF 
(CtIB,YDS,) I· AVERAGE I-~IWJB ~ORB BEi~ DEPOSIT AREA OF I mICl{N'F.SS '~.1 

~INES Lrt.YS AT LINE. DEPOSIT ~!T.OF MIN. I MlNE!lAL MJNERAL 
('VUS'\ (YDS .. ) , (SO .V1)~) I(LBS.& TONS) OVERBURDEN - ems/eu.YD,. ) I~ :'.rl"B OVKHHlIHDEN -

SOOWI 40 . 1 1,764,000 
I 120 I 4800 ;·104 1,-104 4.2 '0.9 25'9 I '.)f. 

440W 40 787 .' I -
440W 40 

, 
994.840 ' . 

I·· r ,-40w 
133 I 

"3 I 6,184 ;,174 '1,037 2.; o.s 192 

117 -r 444 .. 

2240. ~60 I 10,174.~ ", 

189(m J 1,-,620 24, $'10 10~331 4.1 2.0 414 
107 4,;42 

i 
I 

189<* 107 14,5'19,010 
, 

330 . 24,91.; 32,769 ?-7.324 4.2 3.5 443 

I 900I 44- 6,482 
~ 

90h 44 6,814,800 
300 18,15'0 11,100 : 5'0,400 3.0 8.3 582 I 

00 71 .~.;. 3,042 I . -- - .:; . 
" ., --

I 
00 J 17 I 7,;21,38;' , I 3,;, I I 21,122 

I 
13,10; 5l,.47S 2.; 1.3 411 I 

lo66a -I 42 3,3S8 . I - I -
10668 I 42 I 9,341,700 I 

300 I 14,,-;0 .,110 1$,000 21,900 3.1 4." 623 
I 19668 ,; 

-" 

19668 I ;; 
12,820 I 7,019,640 

1;,984 
l 29668 

. 333 9,324 2.2 3.7 7,2 

~r-
22 3,134 

-
• 29668 22 12,8~.896 J 

I 39~1 
328 I 11316 1~t744 99 n2 4.2 2.1 817. 

41 I ;,741 -
• 

\ 

\ 



TABLE ,. LOCALITY PATll BEACH AnP.A. 

'!"IPTAID~ lUIDTH OF To,-iL BE'lVrml 
BORE BEi~. DEPOSIT AREA OF 
~1NES t~~ AT LINE. DJWosrr m'.OF MIN. 

:YDs. ) (SO.YDS) iCLBS & TONS) 

39518 47 I 13.847,392 
I 208 I 10,920 

45268 ~ 6.182 --
4S'76S ;"8 

,. 
16,364,660 

4;2 I I 20.%6 
~9US 

2~1 
33 '1.306 

;931s 33 I 12,623 
-2,42;,81; 

! 66978 66 1,083 

I 66978 66 1,884,114 
222 - 12,210 

.73648 44- 641 

f 
18,,196 10;t~31.806 

T~& - - . ':~.~ 47,112 -. --.. 
" 

. --. . I I 
., .. 

I ' I I . I 

H~ -f-- I--

L I 
l 
I 

I! I l : -~r-J . . ' 

I IU I I . , . 
I -. 

DETATLF.D S:'i"ATEl~NT (IF oUANTTI'IBS 
'FET'"TF,EN BORE LINFS. 

-
Lnms. ~ 

(cm.YIJ6.) I A'\'FJmACGE 
I VOLm$ I TBiICiEW:SS (Fr =l' 
I !HNERAL M~ 

DEP.OSl'rS oVERBURDEN ~ ~}'fS (l)' lJ.!tv.1it:ffiJ H:UlFJII 

1-8.720 12,896 ;.1 3.$ 

I 3?cJ996 28,024 I 4.8' 4.1· -

9,43; 13,770 2.2 3.8 

"~\' 

5',328 . 19,092 ·1.3 ;~O 

i 

I 20;,669 263.149 3.3 4.2 
: +--. ,-:'.-

I 
, .. 

I -, 

I - - '. ------ .. -
t.. -. 

-t -
~ 

1 
I 

-

I 

. 
Page 14. · 

1-GRADE 

(LBS·k:liJi .. Y1J.l 

I 740 
i 

I 496" 

2'57 
: 

I 

I 
3;4 

-! n3. 
I 

i .. 

I 

~ . I 

I t I 
r 
I 
I 
f . . . 

- -'.--~ 1 
: 1 , 

I ! 
i 
i I 
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_ ... 'llABLE 'I r;.B.iJ.\ Vr MINERAL .AND C·~.~RBURDEN IN BORE§..., --'-page' 1. 
EAlN »Pe~ WA. 

ORIGIN OF CO-ORDJNATES 1: __ ~~ ft., north of 22thAV. 
LIIE 2240.. P.'" Beach. a8 aho_ 1ft Plate 1, 'FiB.3. 

-.------+------~~-----~------~----.--T_.-----~----~-------
BORE DEPTH~ L,BSI 

fROM xo GU, 
O/BRDN 

:in'; . 
BORE' O(~RD.N 

In, ' 
-_ .. '-- YD. 

. {' 
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