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JmIIARl. 
The depos1ts of heavy tlinel'al sands along the 1':B8t C:~'!ut of 

Auat~&11a are being investigated ptim8r'1y to det~~1ne their 
oontent o~ monazite. In tho T~eed-F1ngal area, a deposit beneath 
the dunes ad3acent to the beach, hae a length ot 9000 teet, a width 
vary1ng frca 80 teet to 330 teet, and an average thickness at 2.6 teet. 
A second depos! t 1n the northem third of the .area, troll 400 to 800 
teet west or the beacht 1s approx1matety 1700 te.t long, varies in 
wlC1th fran 140 to 2~O !feet, md ha. an average thiem.a. ot a.2 teet. 
~hese deposit. conta1n 41,000 tons ot .1rcon-rutl1e-1laeftit.~on.z1te 
concent~ates, with an .a~mate4 280 tons ot mona.it.. The average 
grade is 36~ Ibe of beaY.Y 81neral concentrate per cubic yard ot sand. 
Tho average thickness ot overbuJ(len is 4.3 teet. Virtually the total 
area ot to elepos.:f.ts is avaUable for ll:1n1ng. Tile tborla content of the 
.onadt. 11 (6.6 ! 0.3) per cent. 

fhe distr1bution ot the heaq Jia1nersls in the deposits ad3acent to 
the beach sUggests that the grains 0 f higher l"ec:tt1o gran ty. 'Vi •• 
monazite and lbcont are tranapone4 les8 l'.a&2117 than the g!'able of' 
low.r specific grant,., v1z. rutile and llaenite. However, in the 
western deposit, wlth!n the nortbem third ot the areal the proportion 
ot monadte 18 relatively hich, while the proportion or zl1'Con S. 
relativelY low. 

At xmmmrCT%OL 
1. General PU1"QS18Lot, oq the InvJ2§ttgUton. She primary a1a of the 

"Beach Sana; Inveiiiiatlontt is todeterm1ne the re8erves and the 
distribution of .ona&lt. In the depollts of heavY atneral sanda 81on. 
the Paltt Coast of Australia. These deposits contain most ot the known 
worler ~e.erYe' ot z1rcon and rutile (Fisher 1949 (a) and ('b» to~ 
which th .. are being exploited at varloUS locaUtle. mainly troa 
North Stradbroke Island 1n Queen-land to Pa111na in New South Wales. 
Th~ monazite foftls little _ore than 0.$ per cent ot the 1dxet1 concen • 
trates, but can be recovered as a by-p:roduct during the .eparation of 
tbe other II1neral.. Monazite, a phosphate ot c.nUll t lanthanUll, 
pra.eseodya1un. and other 1.'a" earthsl wlth thol'lU11. 11licate, 18 
utilised commeroially as a .ouree or oed. anet of tho1'1_. lD thi. 
investigation, the thorla. content of the mona.lte 1. being ~eterm'ned 
on the basis of its ~ad108ctlV1ty. 

2. B1tMAt190. ~he TWeed.Fingal Area comprises a beach and assoc­
Iated dunes 8eparated b.r the Tweed River from a low lying coastal pla1n, 
and higher countrY a mile to three mile. to the west. !be beach extend. 
northwards for 3.1 miles fro. Finsal Point to Letitia Spit at the 
mouth of the ~"eed 111vp.r, about 600 teet south ot the 80114 rock whloh 
'toas the North Head of the 1'1"er and 2000 teet f'loutb of the QueenslaJ1d. 
New Sc>utb VYale8 fjtate bounda17. Plans ot the al'ea, along w1th a 
locality map. are p.1 .. n ~ Plate 1 at the end ot this report • 

. 3. MaeU. Access to the Tweed-P1ngal area 1s by means of tbt! 
Pacifio iiighway, which run. southwards through the coastal plain, am! 
a maSn roaa \fb1ch runs along the .ast~ft1 bank ot the ~eed River t.ro. 
the B1ghw87 bridge to Fingal Point. Tbe area 1n the vicln1ty ot Fin,al 
Point is olosely bui1 t up, torming t~ township ot pmgal. Northwards 
froc the Township, dwell!Dge in _ Native Settlement extend along t~ 
westem toot of tne dunes to about one third of the ell stano_ to 
Letttia Dp1t. A ~etallea track runs through the Settl~ent nearly to 
tts northern end! but further nortb. IIOtO. transport over the sandJ' 
sU1'tace is pract cable only by means ot a tour wheel-dr!le vehiole with 
e low reduction Bear. 

. 4. 1~1ntn.&. $ttnemmS!t At the time ot the investigation, leases and 
.ppl1oat1on~{or leases (Footnote) (plate 1) were held as rolla •• 1-

G.L.3 I l.A. Fa,yster, Cadgen, N.S.W. 
Special Lease AP~11catlons I-

. No.12~ t J.A. Foy.ter, CUdgen, N.S.W. 
No.l44 • J.P. :MUrp~, Tweed Heads, N.S.W. 
No.149 t J.P. MUrPh7, Tweed Heads, N.S.W. 

• I --------------------__ _ POOTNO!E I The application numbers are registered at tho Court 
noUSet L"l.Irw111umbah, If.S.W • 
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5. __ ~!J12op~b1J.&tl; for sections ot this Repoa, The several 'eot1on. 
~nls report were conpiled by those whoe were most directly 
responsible tor the conduct of the respeotlve portions ot the work. 
In g~neral, however, each member of the staft assisted in several' 
phases of the investigation. M~. T.n. nlmrn1ok, now an ott1cor ot 
the Queensland Gaolo.leal Survey, cerrled out the preliminary field 
work in the area. Mr. J. Ward, assisted b.r Mr. L.R. Lee, was 
responsible for Laborator.y ~ork, including the separation and 
examination of minerals. Mi. L.M. Edhouse oonducted radiometric 
determinations of quantities of monazite, and investigations ot the 
thoria content ot the monazite. D.E. Gardner supervised the work. 

B. TQPOOWg. 
The area between the beach and the Tweed River varies 1n wldth 

from 1000 teet to 1400 teet. On the profiles ot Plate 2, .tt 1s 
seen that the portion adjacent to the beach, about 400 to 600 teet 
wide, is tormedIof sand dunes rising to a height ot 20 to.2~ 
teet. The reaaxnder of the area, 600 to 800 teet Wid., 18 low 
and sandy, and encloses tidal lagoons connected by channell to 
th~ river. The sand dunes adjacent to the beach are in the tor.. 
of long ridges parallel to ~e beaoh. Tbis is illustrated in the 
pr~tl1es ot the bore lines between line 6000N and 29~Olft Which 
show two main orests at approxfmately 100 teet and 15'0 to 200 teet 
west ot the beach. An additional pronounced dune 1s' shown c1ear1,. 
1n lines 4;00. and ,2~ON, about 600 teet west of the beach, and oan 
be traced further south. North ot line ~2;ON this dune terminates 
against a lagoon, which encroaches on the edge 01.' the main dunes, 
and probably represents a tor.mer channel ot the Tweed River. 

South ot line 6000N the dunes are firmly bound by vegetation, 
whioh, on their western or landward 81~es consists ot mixed dune 
scrub (trees, shrub. aBl vines) thick enough 1n places to lIlpede 
prolreS8 through the area. On th4e eastern or seaward stde, a 
covering of shrubs persists to within about a hundred teet 01.' the'beach, 
where it gives place to coarse grase and sp1nitex. So .. e distance north 
of the 6000. line , the ve,etatlon becomes sparse and scattered, and 
the dunes have been broken up to some 'extent by w1n~ erosion. !be 
ettects of this erosion may be seen 1n the protiles, in Plate 2, of 
lines 7~OO. to 90001, where sharp subsidiary crests and hollows appear 
on the outlines ot tn~ main dunefl. 'l'he ridges which occur west of the 
main dunes, 1n partioular the rldse ad3acent to the lagoon ·on lines 82~O. 
and 9000W, are similar aotive dun.~. The islands within the river 
channel are sandy t and range 1n height troll river water level to 6 
or 8 feet above water level. Their western edges are tringed by man­
grove swaps. The coastal plain ..,hi ch ranges in level trca 10 to 2; 
teet, (eee rootnote) is made up ot low sandy areas oovered bT cum 
sorUb box, banksla, shrubs and bracken, with swampy traots charao~erlaed 
by stands of paper-bark tea-tree and awanp sheoak, with rush-like 
sedges. The seamps between the Pac1t1c Highway, and the spurs ot. hilh­
er countr,y to the west have a surtace level approaching 10 teet. At 
the edge 01.' the river, the coastal plain is, 1n plecea t fringed b7 
mangrove awaap.. Portions ot the pla1n are Illustrated 1n the profl1es 
ot the scout.borln« 11nes. (Plate 3) FrOIl about 2 miles south ot 
FIngal po1ntt the Tweed River flows approximatelY northwards parallel 
to the coast! and 1s separated tro. the ocean b.Y a comparatively narrow 
Clune area. It 1s probable that the month of the river has been much 
further south that it is at present, and has been moved northwards 
because 01.' the growth of sandspits trom Cndgen Point to Fingal point. 
and trom FIngal Point to Letitia SpIt. 

g. OONJ!BAL GfilQLOGI. 

1. :the 1i§,oh and c~.stal ;qyn. Ire... The sand dunes and the 
coastal plain are reoen in age, aft are composed 01.' unconsolidated 
quartz san.c!. The dunes adjacent to the haoh contsin small quantlties 
of heavy minerals, and overlie "seams" of. heavy ll1n.rals. 

-FOoZHOZE. Mean low water bas been adopted as the datum for levels 
in this report. Mean seal level 1s approxlJDately 3 feet, and mean 
high water level approximatelY 6 teet • 
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-rhe ••. leams 1Iere depoe! ted bY the surt Oft the uppor part of tbe 
beaoh dW!'ing atoNY weatlle 1ft periods when the beaoh was a little to 
the welt of its present podt!on. !he depOSits of heav I11n.rd. 
1D Block 2 Plate 1 near the northern· end of the area. Viz. t t:n. 
7~OB to 9000lf OWO thp.11' o1'l,ln 1n "art to wtnd concentl'a~1on. It 
appears p~babl~ that in this locality former beach depo.!ts have 
been exposed and canted by the wind 8loD, dth quarte sa.n4 1nto 
recent "l1all actl" 8tmes. 

!he dW'1e wblah ocours at the top of the beaoh - the toredune­
cont!nually receiVes additional land blown trc:s the beach b1 the 
prevailing 1f1nd •• DurSng stoftIY periods, the toredune may be 
erodec1 alfq. The V.,etated sand ridges behind the present foredune 
appear to ~pre.ent former foreaun.sl developed durin, perl~. 
when the top of the beaCh was 80me d stance .. est ot It. present 
position. ~e dune strip .hioh .~:pear8 typioallyon line 60MB 
trOll now to S5'E can be traced tmb1'Oken from the northem eM of 
tJetlt1a Spit to, approxlllate1T. the 00 bore 11ft., .et apparently 
has been f oNe\! trom sand bloWJl up from the »resent beaoh. Dur1ilg 
the period ot Its d.,veloJ;8ent. the top of the beach actvanced 1n 
an easterly d 1rect!on tl'OJl appl'('lxblatelY now to SSE. ~. 
orest sep,n at 60001 / 190W represents • prominent ~une easily 
~co8ll18ed In. the field tmll some distance south of the ~2"'1 bore 
line up to about the 67SOlf line. Th18 apparently was 8 foredone 
tormed what the position ot the beaoh l'eJDa1ned stattonal7 tor 
80.e cons1der.ble ttm., vtll. on the 600011 lmes, at 8!'!)ronutelv 
1401. ~he dune strip ~cb includes this old .for.dune, 1.e. 6000_/ 
3asr to 6000lf116ow, Ie read117 recognised trOJI about tn. 5'2SOI l1rle 
northwards to the .outham boundaJ7 ot a.t.3, where It term1nate. ' 
abruJ)t1y n •• r the edge of a laJOOD. Dur1ng ~he period when this dune 
strip was developing f the top ot the beach, recognised by the 
~.poa!t. ot hea-vy .1n~ra1 .. below tht dunes, advanced in an esstel'b 
direction from about 6000N/26Ow to 6OOOIJ/loOlV. It is probable that 
thl. dune strip, w1th the underl1ma depostts ot heavy mineft1a 
tGmerlT OCl'lttnued turtbor northwards, but that 1 ts northem end baa 

• been eroded .. the Tweed MYel'. ~he south-e •• tem boundaJ7 or tile 
lagGon In thi8 locality 881' mark the sUl')poaec1 river channel. The 
deposits ot heavy lIIineral. 1n Block 2 rro. 7;<)Olf to 9000lf, now 

~ sUb3eot to re-aortln, by wind aot!on. were probably or1g1Dall7 beach 
depo'! 1:1 contmuou. wttb the deposits fA line 6000lft 260", to 16OW. 
but were later re.aOl'ted d ur1ng the encl'OaOblent 01 the rt vel'. 

• 

In the southam. portIon of the area, the proJdnent dune at 00/ 
400W trends north-westerly and terminates abruptly at about 300 teet 
south of the 'SOB bore line. At the northern end ot the .outh­
ea8tem mar81n ot the lagoon, which 18 close to the termination of 
the dune, ftUllel'OUS b.satt boUlders appear. A bed of basalt bOUlders 
18 expoaecJ on the teaob durin! ato .. weather" a P!'!Oxbultely 300 ft. 
south of the '15'0lf l111e. on the 16th December 1949. the boUlder bee! 
appeared trom about 300 teet south to 4" teet south ot the bore line, 
d utatded .eawards towards Cook Island. It is possible that the 
b~u1der8 approxlmatel~ ~pr •• ent an old river channel which breached 
a t01'JD8r dune spit. ::he heav mineral intersected in bON line 
·7,,", •• f81' weste:tt17 8S '570T."! may represent ooncel'1trat1ons tormed at 
that t!me. 

2. AGia2C1lt Abt~ Pliocene basalt outcrops at Fingal Po1nt and 
Cook lalan~ and con Uea downward_ below sea level. ~b18 bee.It 
8Y'pea1'8 a. Cl1ff. at the northern ana western edge. ot the "'eecJ 
:RIver near the m,hway BridIe, where it cont:lnues beloll r1Y •• water 
1..,,,1. OO1era or "Sslands" of Lower Palaeozoic .edlllent. separate 
the westem edge ot the coastal pla1n from the '-nallon Broadwater, 
tOl'll the higher land on wMoh 1s bunt th~ greater part ot the ~wn 
of fWetd Heads, and torm the headlaol at Point nange~. In places, 
these 'et!lIIentl are ca~ed bT Pliocene Basalt. 

3. Ff!!fe9! of ~gt~t l!I.zunal. ft. present beach ana coa.tal 
dun ... , an t e 008'£ pain, appear to be a resUlt ot & comparat1velF 
reoen~ emergence of tb1s ~ol't1on of the coast. ~ldence of emergence 
1s seen 1n the tol1owtng .-

Ca) A platto1'll, prestll'labl$f wave cut, _ surrounds Cook Island 
at a height ot approx~ate1y 10 teet above high water level • 



pal. 'I. 
(b) Co~glomerate, consisting ot rounded and sub-rounded 

bou1c1er8 of baSaltl and rounded quartz pebbles. appe8r~ 111 • 
cutting near the F ngal Post rtt1ce, from the road Ine1 up to 
appl"Gx1llately -12 teet above present higb water level. 

(0) A sh1bgle bed. composed ot sub-angUlar boUlders ot 
basalt, 12 to 1~ teet above present hlgb water leyel, h1n«ea 
the saDd ead indurated sand which joins the basalt outcrop ot 
Fingal. point to ,the largor outcrop of basalt at Fingal Townahip. 

The emergence suggested by the conglomerate and boulder beds 
appears to -be of the order of at least l~ feet. Apart from tb18 
evidence, nuaerous kitohen middens 'apnear on the spurs ot higher 
land at the western edge ot the coastal Plain. These midden. 
are now soparated from river and beaCh by n1de traots ot swamp 
and tangl~ vegetation. The middens seem to indicate an eastward 
recession 8.l'XJ the ooast l1ne. with tbe development of • swamw 
coastal plain. However the .ergence suggested by the oocurrenCe 
ot the middens may be of SIlall magn.f.tUde. 

R· EDPD Qr :wama. 
1. IARPM" The pos1tloDa ot the bores 1ft Letitia Spit were 

mapped in a pane table survey. whioh related the to the lease peg. 
ot O.L.4, ab.d to the eastel'D training waU ot the 'l'1Ieed Itt.er. 
BO~8 south ot 0.L.3 were related 'fa) the eastern tl'alft1ng \lan, and 
to the surveyed western bounda27 ot tbP allotments in the Nat! ve 
Settl.ent. The bore sites in the coastal pla.1n were aarkec1 out by 
cha1n1ng troll f.noes shown 1n the Ife. Soutb Wales Lands nept. 
"tan of the Parish ot Terranora. County of Rous (Scale • 1 inch' 
equals 40 ohdna. Date • JanualT, 1947). A plan show in, the bore. 
1n the Tweed.Fins.1 area on a scale ot $'00 teet to the inch 1. 
liven in Plate 1. The boundaries ot Palaeo2cic sedlllent. and 
Tertiary basalt were sketcbed on to 'M!11tar.r Kaps an4 Land. 
nepartaent Parish ~d Town Plans. These boundaries are approximate 
only. ' 

2. DnRI. Bormg to ground water was by means of 8 post hole 
t11gfler or auger. 1elllthened as required with; foot lengths of 
piplnl, coupled bY screw 301nta. Below ground water levelj __ or belOW 
the depth to whioh .8IDP11ng of 100le sand could coftYenlentJ.Y be ' 
done with a post hole digger! about 20 ,feet. the bore hole was 
cased with I1ght 3 - !nch bo 1er tubing, and a sand pUllp uaed. Betore 

, borin. wae started, the bo1"e sites weN levened, usins a telesoop10 
alidade set up on a plan table. The datum tor levels was high 
water mark, whlch waa alsUDed to have the level ,Iven 1n the Tide 
!l'abl.1 of the Queensland Department of Harbours and .ar1ne, plttl 
one to t1fo teet added tor the wash ot the surt. !he levels of the 
bore. were determined to within about 3 inches, and checked by 
back leve111ns. 

preliminary' bormg and sapling ot the beaoh 8l'ld ad3aoent 
dunes W88 carned out dur1ng August 1948, when bores were put down 
to pound water 1 ... 1. Additional boring 2n June 1949, to ground 
water leVel, detined the boundaries ot the heav,v mineral deposits. 
In November 1949 SOIile ot the earlier bores were deepened and 
88Jrlplec:1 below water level. At the same time scout bores were put 
down 1n Greenbaftk Island and 1ft the coastal plain. 

, 3. sa.p1~ nurtng the prel1m1nary boring, samples were 
. taken ot any 8 .. ~-1oh appeared to contaln appreciable quantities 

ot heav Il1nera1s, md a 8mg1e 8ample was made up hom the 
overburden. Dur1ilg the 1atel' borin" the bores were sampled ,m 
.actions t1'O. top to bottoJD, whether mineral appeared to be preaent 
or not. The !'eason tor this oomplete samplms 18 that concentrates 
with a oomparatively bigh zircon content tend to be grey rather than 
black. and are liable to be lett UD88llpled. S'amples taken troa 
the bore holes were reduced b.r quartering to a convenient size, 
about 100 to 1000 cub1c oent1lDetres, and bagged tor despatch to 
the field laboratory. 
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At leAratog walk-

. (a) 9';11= g( ,an$1 tie, " I,U I1t:W " The bol'e 

... plea "etter.ct, ana 00 oe8. 0 eac samp e "as .e181J1!. !he 
heav,r mineral concentrates were then separated trom the ~uu cc •• 
ot sample by means of 8 laboratory~11fley Tablet and the weight. 
and volumes of the dry concentrates,were measurea. The ~uantltle. 
o~ heavy minerals 1n the samples were then expres sed. 88 welaht 
per oent and nibs/per cu.yc1" (pounds we:lght of heav.y minerat 
concentrate per cubic yard of sand) and· are given in table 7 at the 
end ot. this report. 

(b) net.ftIt"n~t1on-'l.f ComnoJ~1tions of Concont?stes. The average 
percentage colDpoBl~10n ot ~he neav mineral concentra~e. :In the area 
was obtained fro. a composite .ample trOJ!l each bore line. 'he 
cOlQpos1tlon ot the compos 1 to sample was determined by separat1~ 
th~ spple into a _anetlc and a nOJ1-magnet10 traction on a Frantz 
Isodyna.1c Separator, and separattn, the non~aJneti0 traotion 
into a zircon and a rutile concentrate el.ot~.taticall~. The 
magnetic hact10n and the. zircon and rutne concentrates 1'Iere wei,hea 
and the compOSition of the magnetiC traction detemined by gram­
count1ng. The lIonazite content ot the sample was determined radio­
lIetrical1,.. !l!he average compollt1on ot the heavy m1neral concentrate 
in the area 18 given 1n Table 3. Page 11. 

, (0) Variation in thtLCuw tl&1t:ionof the Heaw. ~r,t"nA"A'OO&\lt:3.'" :t •• 
and in ~e _Tho.r.la contAnt of the J!~n·~t..... In order to deteot ~ 
variation which might occur 1ft t~e compos:l.tions of the concentrates 
trom east to "est, portIons ot the concentrates of the ares were 
g!Ouped into composite samples representative of the heavy minera1 1n 
Block 1 and Blook 2 (Shown :In Plate 1). To detect any var1at~,on ' 
trom south. to north, add! t10nal portions of the concentrates obtained 
tro. Block 1 were grouped into th1'ee ocaposl te samples C1, 02, al1d 
C3, J'epl'esent1ng blooks ot mineral troll south to north. !he bOre. 
trOll whlch concentrates .were taken to make up the oomposite sample. 
are sho. in .Table 1. . 

fAll£ I, hed E"Hsat ti@t • Preparation ot composite "Repl •• to 
ex8JD1ne tr u lon ot lJea17 Minerals. 

I BO}t!!S FROM WRleR 
COMPOSITE· OONCF11TRATFS HAIINO UP 

COMPOSITE m?cRE TADIf 
:'1. I I. _ .~,. CIO 
.. , _ I In_ 

~. - 1'7' , 
BLOCK 1. J -

• - ,: II 

1 "1 _4~ I( 
.w - I)~ ",t. 

J _ ~ '1 OC 
+---~l~--_--4]~~----~--~IW~O~-----

+---~~~----~I~----~~-~~I~CC ~---
t~ _ 4~ II II ~ 

.~ - UtillfW ~ )( 0 
BLOCK 2. 

I..~ .. ( Jft '10 

e.l. ')1 -~ 1f 1 
QO~· -now 
72. - 260W 
.00 -28011 1CJ"OO. 
00 - 150W 
24W - 5'4. 

DlDC!IOI'D 
WHICH VA~IA'l'IOI 
IlfVFST IGAfJ't!lD 

Each oomposlte apple was divided Into two portions - one portion 
tor the dete~lftat1on ot the percentage of zircon. rutile and ilmenite, 
an4 the other portion for the determination of pe~oentage monazite, . 
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(1) ftrS()lhBU$l).! mc! 'DIm! t" The _.ple "'a8 .eparated· 
.a~et1Qa 1 on a prani. I,odynamic Separator glvtng •• agnetio 
fraction .ade up mostly of 11aen1te with a little _ona.it., garftet 
and touftlalmet and 8 non ... gnet:lc traction ot nrcon and l'utUe. 
'he preon and "tU. ".re separated electrostatical17. ~he aapet10 
traotlon and the zircon an~ rutile ooncentrates .er8 .e1~hed I the 
compositIon ot the magnetic traction W.8 determined by ~l'a1n-countlD8. 

(11) ~llt!1 The percental' aonaz1te In concentrates ••• 
determined aeens ot Gelger.MUller gamma.ray oounting equ1~ent. lD 
the determination ot peroentage mona Ii t. by thi' •• thod. aUowano. 
he. to be .ade tor the l'ad1oaotlvlt,y due to s1roon.rut11e and 11aen1te. 
A auantlt7 of h1,h-C7ade JIOna,tt. (Pootnote) ,.as prepared t1'O. 
conoentrate. ot the sr.a. ~h. oount1ng rat. glven on the 0e1ge~ 
Duller equiPIMD' b1 the monazite .... 1'eool'ded, .nd the nwa'ber ot 
counts per~.. per .mute due to thl' monas1t. lfas oalcUlated. 
S1.11arlY, the seoond port1on ot each ot the composite .~pl.8 
which had been set .~art tor the radio •• tri0 determination of 
man. rite was te.ted. Allowanoe 1f8S aade tor the radloaotlv1ty of 
the zlroon,rut11e and 1l1!en1 t. and the nUJIber ot oount. per crea 
per m1nute due to the mona.it. 1n the ... pl. ".8 caloulated. Pro. 
compari.an of the sount./gr .. /m1nute ot the h1gh-srade monar.1te and 
themOft.rlte in the semple being teated, the peroentage monazite 
in this sample .as caloulated. 

(11t) 9.')0,1-%110,11'1 ~ntIN' ot rronldt •• A mona~ite concentrate 
wee Eeparate<t ?roll It. CO.pOI • sample representing the whole area. ' 
~he thoria oontent of this mona.lt. was te.ted radiometriaally 
by cOJnparteon with a standard lIon.zite _ampl.e containing 6.6_ thoria. 
Von •• lte conoentrat •• were a180 separated tto. caapos1te sampl •• 
rep~$8ent1ft! Block 1, and Block 2. Aa the quantity ot aonaz1te 
obtaj.ned hit. these, oompos! tes lIa8 too I.all to fill the .malleat 
of the .emple oontdners tor which thA Geiger.MUll.:r equ1paent bas 
been cftl.!brated. ziroon W.8 added to the monazite to .. ake up the 
required volwae. '!'he stand&7d IlOnaz1t. was then mixed with 1000e 
of the .... droon, luoh that tM proportions of aonaz:t.te and zircon 
approx1aated·to thO •• 1n the sa.pl. to b~ determined. ~he thoria' 
CQnt~nt of the monll~1t. in the two sam!)les .. as then compared 
1'a.d1ometrical11 with the theria .. ctOntent of the standard mona_ita. 

I. .RFiSUlllS QE m;, IHVl.B1IGAlIOl!. 

1. F-~t1on Of the M!n~EI1 P!P9,1t,. 
Ca) . Th~ pi&iii given !n. Plate 8how that the deposits ot 

heavy 8inera occur froID about 2',000 teet south of the northern and 
ot Letitia Spit to the touthern enG of the beach, near Pin.al Point. 
The pr:lnc1pal ~ePOsltt contmuous OYe!' this distance, ahe a total 
length of 9000 teet, "Iarlea 1n width froJD 80 teet to 330 teet. ana 
!s wltb1n 20 to 400 teet of the upper edge of the beach. A -eriel 
of disconnected deposits oocurs a little rurthep west, approximately 
400 ft. to 800 ft. dIstant trom the beach. theae deposit. 'fal7 
1ft width fro. 70 teet to 2S0 teet. The average combined .tdth ot 
the main deposit ann the subsld18rT western deposits is 300 fe~t. 
No ap~rac1able quantlties ot heav,y minerals were found on the beach. 
The thlc1m.e.8 of the Gapes! t. (Plate 2) var1es t'rom a tew 1nche. 
to a ..:da. of 9 teet ill the h1gher grade and 1,. 1'eet !n the lower 
grad. deposIts. The average 182ft. 6 inches (Table 3).aeference 
to the •• ctl~a of the bore linea (Plate 2) shows that the matn 
d8j)OS1t, from line 60005 to line "2~O!f (an p1'Obab1y tl''' 75"OCJf to 
150(')1') underliel t1tO distinot dune .tr1p., and ealrterlF .trlp 
19M ch ocours trou th~ edge of the present beach to about the 
po.1t1on l20W on the bo!'e linea, cd a westerly strip trOJll about 
1~ to 30OW. ~e develt>paent ot these two dune strips, eaoh with 
its underlying deposit. of besvym1nerals, is discussed in Section 
e.l. above (Genera1 Oeolog I ~he Beaoh and Coastal Dune !rta). 
The seotions of the bore lines, (e.g. I1ne 6000H) indioate that, 
on the whole, the largest quan~1t1es of heavy minerals .ere 
d9J)oeited <'Juring the development ot the westerlY' dune strip. 

FQmO!l.l !bi' "llonazlte" was a conoentl'ate oonta1n1ng 99" I:!onazlte. 
It wa. not necesaar.y to prepare a 10~ monazite concentrate to obtain 
the reqUired resUlts. 
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scout boring west of the Tweed Rlvel' failed to looate ID()re tban 
trBcPs of heavy minerals. Mho greatest prop~rt1on ot beavy .in.rall, 
0.8 per cpnt by weight, was found :In the uvper 3 teet ot bore 
67'50Jt/8OYr on Greenbank Island. Many ot the sample. obtained fro. 
the coastal plain tailed to show even traces ot heavY concentrate. 
on the W11t1ey Table. It 1s concluded that, between 1'Ifeed Read. 
and Fingal Po1nt, no depOSits ot heavy minerals ocour, down to 
low water level, west of tho. Sh01U1 1n Plat. 1. 

(bl &lap~ I~ At~-a ~he deposits beneath the dune 
ad3acent to t e ~ach ~n unbroktn tor oon.!derable distance. al 
"seams" parallel to the beach. !n cross section, tb.t 1s, a section 
in a vertioal plane at right angles to the beach, a aea. 
commonly appears wedg ... shaped. tapermg ott gradually towards the 
beach and ~1pp1ng bedtty towards the beaoh at an angle 'of a few 
degree.. ~he eoot1on on Plate 2 ot the 29;011 bore l1ne shows that 
such a seam has been 1nter.~cted in bore holes SOW, 40W, and 00, 
Commonly two or .ore seam., each parallel to the beach and d1Pvinl 
towards It. are arranged en eoheloD, overlapping fro. west to east, 
to form a composite deposit. Such o'Verlapp1ni se ... at)J'eal' beneath 
the dune. near the beach in the section., Plate 2J of bore line. 
75001, 37~~t and 7;0.. The westerl,. depOSits (Block 2) atmear!ng 
in lines 90001' to 7500lf appear 1ft the a.1I1 to be due to w1nd 
concentration. and oocur aatnl,. 8S low active dunes, or portions 
of low dune.. In addition, the lower grad. de"ollt. appearin, 
between leve18 ot about 10 ft'. and 20 feet 1n the beach portions 
ot several ot, thp bore lines are ~une deposits. These are eomewbat 
elongated 1n a dlreotion parallel to the beach, and though trequent17 
wedge-shaped 1n cros. section, and dipping 1n an .aste~17 direction. 
are much le88 regular in shape and att1 tude than the h1sh.grade 
Usede" below th_. 

(c) ~bf !alvei' ~~:!~h the DADo'It!S o~. f!'he pr:1nc1pal 
deposits 1n.er8ec:ed~ores ocour w~11m1t. ot 3 teet to 
11 teet above mean low water, i... their lower level • ., be down to 
mean sea level and thetr up!>er level m., be , teet above mean high 
water level. (Footnote) Deposits of lower grade, fro. 120 lbs to 
300 lbs of beavy mineral per oublc yard, occur In the main dunes up 
to a level of 21 teet, 01' 1; teet above mean h1'h water, and, 111 
the 10w.l)"1n1 western part ot Letitia Spit, down to 2 feet below .ean 
low water. It 18 8ugl~sted in Sectlon e.l. above that the TWeed 
nlver encroached temporarilY on tb1s area. It th1s supposition 1. 
oorrect t the low-level deposits are readily explained as ooncentratiaD. 
eftectec ",. the cU1'1"ont tn the shaUow eastern part of the river 
channel. Further, details of the levels ot the deposits are 
8u..ar1.e~ in ~ab1e 2. 
TptB a. m DBEH1J! gAL ABBa. WYFLq OJ! ,nF,Ptlsm. 

G1V!lng the max1aum and the 1111n1JIUII level 1n each bore lines. 

LB.PF:R.CU.YD. 
Over 300. 

120 to 300 

F b 1 

TOP OF DEPOSIT (PT) BO~OK OF DEPOSl'l' (ft). 
Average 
Rxtreme Range. 
Usual Bange 

, 9.3 
,-.6 to 12.8 
8.~ to, 10(,n 

Average 1-.3 
Extreme Range O.O.to6.6(,,) 
Usual Range 3.3 t04 (., 

Average 14.1 Average 4.4 
EXtreme Range.7.5 to 21.3 ~treme SeDge -2.0 to 

Usual 
Ra.nge 

10.9 (" 
10 to n OJ) Usual 4 to , UJ) 
16 to 19 (X) Ranges. A1)prox.l0 - n (X) 

Deposits tomed by Wlve aotion. 
DepOSits torJlled 1ft dunes ~ wind action. 
The lowest level Is probablr due to depOSits 
tormed in a former channel ot the Tweed B1 vel'. 

I • 

PQ2DQlL, The lower levels of the denos1ts inter8eoted by boreholes 
45'OOH/llOW and 15'OON/170W were 2.' 1't. and 1.2 ft. :respeotivelY. Each 
of these bores was put down at the bottom of a honow between dunes. 
It is likely that the bore site "as originally marked out end 
levelled a foot or two above the bottom ot th~ hollo.. It 80, these 
bottom levels would be a foot or two higher than recorded. 



BLOClt ABEA OF ~IGHT OF l'OLtID CUBIC YlBDS A~BAGI 'M'ICKlmSS 1"1. AV. CBADE 
AS SEOD m DPPOSrr H'PAVY lKJlf. OP DEPOSrrS 

PLA'lE 1. SQ. ns. CONCEN~AfF-:. DEPo.ql!S OVEBBUBDElf nEPOsr.rs OV!!RBURDD tBS/CfJ/rD 
TOft'S. 

BLOC!: 1 . 25'2.614 36,2$'9 222,262 476t28~ 2.6 S.6 364.S' 
-

~. 

BtOCl:2 90,2;0 U f 06S" 61,'0; 20,150 2.2 0.7 368.4 

lfOt'AL 342,864- 47,324 289,,3'1 491~()3J 2.; 4.3 36S 

JmBAZITE zmCOlf RtJTlLB mnrlE OABllE! (X) OTHEB flmEBAIB. (') 

P'FllCBftAGE 0.6 48.9 28.0 2l.6 0.3 0.6 

t'EIGBr (!rOns) 284 23,141 13,251 10,222 142 284 

(X) ~h18 figure is somewhat low:: varying p~oport1ons of garnet are lost \9hen the sand 1s bame: tabled. 

<,) The "other minerals" are chiefly :- tourmal1ne~gal"l1ot with occa~1cmal grains of epIdote, 
cOl'Ulldll'll,. sp1ne1 and amphibole. 
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2. PeSDl'Xes• 

(a) ~otl1 Heeeryal. A summary ot the total reserves ot 
heavy minerBl and quantities of overburden is given in ~able 3,wh11e 
a statement of the reserves bet.een each pair of bo~ lines ~nDear. 
in Table 6. Details ot bores and samples are given in ~able 1. 
When com~utfng the reserves it was necessary to dec1de, somewhat 
arb1trari~,., the m1n1mUII grade of sand whioh should he included, 
and the IlUUIIUII th1clmesB ot send ot a 81ven grade. The mln1aum 
grade has been fixed at 120 lba. weight of heavy mineral concentrat. 
per cubic yard ot .~a., This 18 a little greater than 4 per cent 
bY weight (Footnote). The m!nlmum quantit,. of mtneral Was decided 
on the basis that the product of thickness of seam 1n teet times 
pounds of heaVY' mineral per cubic yard sMuld be at least 300. 
Thus 8 seam whioh has a grade of 600 lbs ot concentrate per c~.yd. 
must be at least 6 inches thick, ~d a seam ot m1n1mwn grade, 
120 Ibn per cu.yd, must have 8 thickness ot at least 2 tt.61nches. 
Act~'ally, the '!'wced-F1ngal depos! ts are predominantly much Mghel' 
1n grade than the minimum grade. given above. The overall average 
gr8de 88 stated In ~ble 3 1s 3b~ Ibs. p~r ou.yd, and it can ,be 
seen 1n Table 6 end 'I, that a comparativelY h1gh grade 1s maintained 
at each bore line. ' 

(b) QUantlt'es-mlw axfl1J,~1§ tor Mining. The plans given 1n 
Plate 1 show tb8t the deposits occur almost entirely u1th1n the 
boundaries ot G.L.3 and Speolal Lease Applicat10ns No.l2S and 144. 
Thus, the quantities available for m1n1na are substantiall,. those 
given 1n Table 3. No mining has yet been undertak~n 1n the ~eec1-. 
F1ngal Area. 

(0) EqslibJ.§. Tatun neR~91t§. No heavy mineral deE'Os1ts were 
found on tlie Tieea-F1nlal~e8cb; HOwever,:it is possible that, 
in the future, the dunes adjacent to the beach top will build up 
ana advance seawa!'ds sOJl'le d 1st8llCe. Erosion ~ur1ng subsequent 
sto~ weather ~ then effect ooncentration of their small quantities 
ot heavy minerals, Ella form new depost ts east ot the depos! ts shom 
m Plate 1. 

3. 1'~g~t1)yt!on of t,M 11,Jn'Ep1 ~broUJh2!1t tb~ Area. 
(a) Tahe nb~p,!!~d n1at~but1o~ The percentages of zircon, 

rut:11e, Umen1te and monazite in tne co.pos1te samples of ~able 1 
representing portions of the deposits from east to west, and from 
south to north are given below in Table 4. 

XABt~ 4. Iar~At1gn.tn.11nerll Cgmngs1t1on Sf ConsentEate •• 

COMPOSrl'E 
SMJPLn 

Block 1 

Block 2 

e.l. 
0.2. 

e.3. 

PERCENTAGR COMPOSITION ~NEGL.~CTl1'fG 
THE PE1:tC~~AGD OF GARNET A1m OTHER 
~II.ll'wlnAtR 

ZIRCO~J RUTlLE lLMFtlrl'E Mf')NAZlTE 
48.6 29.0 21.8 0.64 

42.2 31.8 2;.3 0.72 

46.6 30.; 22.3 0.65' 

47.3 30.3 21.8 0.;4-

49.6 28.0 21.7 0.69 

nIRP.CTION IN 
t'1RIOH VARIATION 

IN'VF,STIOATED. 

It is seen that tho mOle easterly block, Block 1, bas a higher 
~lrcon content than the westerly block, BlOCK 2. with a correspondlng11 
10.er rutile and ilmenite content. It Is unusual that the monazite 
content of the oomJOslte sample tram Block 2 1s higher than that 
from Block 1, because, fraa previous investigations it appears that 
the higher values ot monazite are generally lound u1th the highor 
values of zircon. Plate 4 shows graphically the variation In 
percentages of zircon, rutile and ilmenite in oomposite samples from \ 
south to north. 
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The percentages ~f these minerals are fairly oonstant tor the 
first SOOO teet, but trom ;000 - 8000 teet, the peroentage zircon 
rises abruptly while the percentages of ru~11e and ilmenite 
deorease. Sf>me correlation can be made bf:tween. the d1s"i.:r1 button 
of mineral and its specific gravity. The curves ot ~1rcon, 
of speolfic gravity 4,66 and rutile 8.G.4.2, diverge trom eaoh 
other 8ppr~c1ablYt while the ourve Aua to ilmenite Which has an 
Intermediate speoific gravity ot 4.;, has an intermediate position. 
A similar oonneotion between speclfio gravity of a mineral and 
its distribution Was noted in the Palm Boacb Area. (Records 
195'0, No.7.) 

The curve· for mona~1te (Plate 4), 11ke the curve torz1rcon, 
rIses steeply in that part 01 the curve wbleh represents the northern 
portion ot the area. The curve tor monazite, however, differs from 
that at dreon, in that the monazite curve representmg the portion 
ot tho area tram 00-5000 teet north t!S.ps sharpl,.,wh:tle the zlrc,:-n 
curve representing the same portion of the 8!'es· oo~t1nues to rlse 
gentlY. 

(b) Sgggc!te4 CpUse!-of the QbaflrY:d D!st.r!bqt19D pi ~p~VZ 
l!inetAl', 

Cl) §Qyth~m PaEt of 11199i 1. The lower percentage of monez1te 
In composite I_pIe C2 In comparison with composite sample Cl 
suggests that the monazt1e1 which has a higher speo!t10 gravity than 
the other heavY minerals, lagged beh1n~ as the minerals lIere being 
troneported northwards by.the surf. In the case ot z1rcoh, ilmenite 
and rutile there is but little var1stlon in the southe~ portion 
ot Block 1, represented b.r samples. 01 and 02. 

(11) 1l1Qpk 2 snit th~ Northtm eoEt!(fW't .Blogk 1, In the 
no~ther.n portion of the areal represente ~ composite sample 03, 
i.e 7~OO teet north of the 00 bore line to 9000 teet north of the 
00 lin., the percentage monazite tnc~ases. An 1n~reas9 in tbe 
peroentage aonazite 1n also seen in the composite sample rep1:es~nt1ng· 
nlock 2, the more·wester17 block. It 1$ possible that the 1ncrea8e 
In percentage monazite in BloQk 2, and the northern portioa ot 
Block 1 (v1z. the portion represented by composite sam~l. C3) 1s 
duo to a former ohange in the position ot the westem bank of the 
Twe~d nlver to approximately the pOSition of the south-eastern margin 
ot the neal!'by' lagoon. The dune st:-:tp appearing between 1;OW and 
300~ on bore lines ;2;01 6000H and 67'OB, with its considerable 
deposits ot heavy m1ner;is, was eroded northwards from the southern 
boundary of 01,3. The Tweed River probably entered the sea at about 
the looality ot bore line 82~OIf. The quartz sand in the eroded dunes 
was oarrietJ away by the 11.ver, but IIOst of thC3 heavy minerals 
re.a:lned rno~ or leS8 in situ. These ooncentrates, :re-sol"ted by wind 
action, appear now as the deposits ot Block 2. ~he mixed concentrates 
of theae depos:lts oontain 8 relatively high peroentage of monazite, 
w~11ch ruq be expected. However, the percentap,e of z1rcon 18 relatively 
low. No ready explanat:lon tor this oan be offere4. 

!he su!'posed encroachment of the Twe~d Fti Vel' 1mplles that the 
dune strip a~jaoent to tho present beach hae not then been formed , 
sinoe this easterl,. dune strip can be trac("CI continuously to the 
northern end of the area, with no suggestIon of a break about the 
82"ON bore line. 

DUJt Ing 1 ts period ot development, ths.t portion nf the eastem 
dune st~1p Routh of G.L.3 was proteoted trom w~d erosIon b,y the 
older westem dune strip. North ot the southem bound~y ot 0.1,.3. 
the east~rn dune strip with lts deposits of heavy Jd.nerals was 
exposed to constant active erosion by the ~reva111ng WindS

l 
blow1n, 

hom the ocean. hch ot the quartz cand and some of the 1 ghter 
of the heavy m1neralsJ viz.rutile and Ilmenite were blown away 
westwards. As a resUltl the conoentrates from the northerly portion 
of Dlock 1 became relat vely richer in z1rc~d monazite and poorer 
1ft rutlle and tIm en! te 

4. ZholJ,aICnntfnt 9i the Upns?11i!.. Figures tor the determination 
of thor1a are g ven n Ta le 5. It 10 seen that the thor1a oontent 
ot monazite from Block 1, Block 2, and fron the entire area (Blocks 
1 and 2) is, respeotively, 6.6 percent, 6.8 percent, and 6.8 percent. 
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MONAZITE CONC~TRA~. BLOCK 1. lJLOCK 2. 

EO!fAZHE CO~~r:!'P.A~ eM) CrpArA~D FROM ~E MlXFD 
}WAft cmTcp,!~f,Tr-S OF ~H~ BLOCK !lonar! te (Ml) 98.1 l!ona%1te (M2) 99.4 . 

71rcon o.s . 21rcOB 0.1 
Ilmenite 0.1 IlJaenlt. 0.3 
nthcr t'1nera1S~ OtherM1n~ra1s _0.2-

100.0 
t , •• " 1:~!!AZIm C~N~:Rl\Tr (!') ~rGTrn f't)R Tl!!)RIA (},fADE UP lJ'onazlte (Ml) gl·1 Monazite (!12) ~~.8 

~l! !'BE F:!rt~2Im CO:1cr~nnm II l\.B0VE) Dr ~ C~~ Zircon .0 2it"con 7.0 
OF BLOCKS 1 Atm 2, mIS CmrCFRr!M~ :TnS BAM UP Dr IlJaerd.te 0.2 Ilmenite 0.1 
M1XmC CONcp.mnA~ II OHH ErnCOl1. Other rineral:1og:a: Other I!ble!'91s m:i: 
JlONA7l!E CO~CT:W'M?,'\,7E (e) '!'11l3 CONC!'llmATP; t'c1l!f) 1!ADE Jronadte (MS,' ~.1 Honad. te (:MS) l2.7 
UP BY r3IXllfG ~ n,~~.!1IMPD ~~~!1A~I'n! (1.'8) mm Zi!'Con S.8 :ZIrcon 7.2 
ZIRC-ou Em. Other Ji1neralsO.l Other minerals _0.1 

'InA." 1.110.0 .. 

nSF or; l!~A21~ <mBcr:'B~Jt~«m ('1') CI!fGBAIS, 11.410 11.921 -JI.AeS OF Jl~BA2rm COWC!1J'",'RATE (C) t .D'CIDmS) n.484 ll.921 
EXCFSS OVPR BACKGFOtmD (C~tJBTS P~R !~ImJ!B) ntm TO 
r(lNA~~ C01fC!'~mAm ('1') 696 700 

B!'CF~~ OVEn 10Acxrmcmm (C~~ pron ~":mum) _~ ... ......-D __ .. .J _-v '~J ~;J _' iJ ___ \:_ ,__ ~ ..... ) 

~~(,NA??I~ C~N~r.1jN~'E (C) 
ntm TO 711 619 

COON!S/GRAM/MIeo?t'!: OF !:',!,5A?I~ (1I1:d¥2 ana 14 + 1(2) 
( 62t~~~) • 171 ~?9H·3) in mona~lte concentrate (~) ALtOD G FeR CcmlTS ( = 17' DtJ!j to 2lP-COB. 

C'OmJ1S/tmAr/MIlJU'!TI OP C~7!JU'I"r (!!!) I!l t!f!YAZrm 
COLC!'w~~~ (C)· Att~:;rnG r~p, mUNTS nm ro 2mCON (V;:H~'> • 118 ('~~-M·.3) = 170 .9 

. -- fi-ffl aii- I 

(f~-- 6.6%)a6.6~ pr~~~ f£'HO IA JI) IS nrM:?I~ ,J~2t ( it: l' ... 6.6~ = 6.8~ end In + P.2. U 
wn:~c u 

(" CalcUlated on thf' cBstf! of f;be" thnr1a content of th~ stanc1at'd 1:2nn82':1t~/chem1cal anal~s1s 
elves es 6~6t. 
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E1R'IJm eFA (Blocks 1 a 2) 

!lonartte (m+P2) 98.8 
S1rcon 0.4 
RutIle 0.1 
l'laen1te 0.4 
Other Y!nerals 0.3 

.1I:m ... 1l 
~he aonarlte concentrat. 

tested wae the ~na21te 
Concentrate (.) .boa 
abo ••• 

J!ona21 te (MB) 99.6 
1.1-"!rcOb 0.2 
.other mineral. ~ 

11.137 

11.1~ -

1879 

185'2 

B c 171. 
(counts ~e t~ ~1~ccn 

n~vl1P1b1e1 

tP.fr • 161 
(coun!e ~tie to drcon 

..ne?llil'ble ... 

(fi • x6.6~ = 6.8~ 
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However, the experiaental error due to the eQuipment 18 

(t 0.3) pe~cent. H~ce, it D~ be conclu.ea that the thoria 
content ot monazite trom Blook 1, Block ~, And from the ent1~e orea 
1s the samet. within expeJ'1mental l:fJn!,ts, as the thor1a content 
of the stan~ard nonaz1te. viz. (6.6 _ 0.3) percent. 
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