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The deposits of heavy nineral sands along the Fast Crast of
Australia are being Investigated nrimarily to determine their
content of monazite. In the Tweed-Fingsl ares, a deposit beneath
the dunes adjacent to the beach, has a length of 9000 feet, a width
varying from 80 feet to 330 feet, and an average thickness of 2.6 feet.
A second deposit in the northern third of the area, from 400 to 800
feoet west of the beach, 12 approximately 1700 feet long, varies in
width from 140 to 250 feet, and ha® an average thickness of 2.2 feet,
These deposits contain 47,000 tons of gircon-rutile-ilmenite-monazite
concentrates, with an estimated 280 tons of monazite, The average
grade is 365 1bs of heavy mineral concentrate per cubic yard of sand,
The average thickness of overburden is 4,3 feet, Virtually the total
ares of the depos*ﬁs 15 availabdle for mining., The thoria content of the
monazite 18 (6.6 ¥ 0,3) per cent,

The distribution of the heavy minersls in the deposits edjacent to
the beach suggests that the grains of higher specific gravity, vie,
nonazite and zircon, are transported less readily than the grains of
Jower specific gravity, viz, rutile and flmenite. However, in the
western deposit, within the northern third of the area tﬁa proportion
of monazite is relatively high, while the proportion of gircon is
relatively low,

As JNTRODUCTION,
1. ge of the t4 he primarv aim of the
"Reach Sands Investigation" is to determine the reserves and the

distribution of monazite in the deposits of heavy mineral sands along
the Fast Coast of Australia, These deposits contain most of the knomm
world reserves of zircon and rutile (Fisher 1949 (a) and (b)) for
which they are being exploited at various localities, mainly from
Horth Stradbroke Island in Queensland to Rallina in ﬁcu South Males,
The monazite forms 1ittle more than 0.5 per cent of the mixed concenw
trates, but can be recovered as a by-product during the separation of
the other minerals. Monazite, a phosphate of cerium, lanthanum,
preeseodymiun and other rare earths with.thoriun<sllicnte, is
utilised comumercially as a source of cerium and of thorium, In this
investigation, the thorium content of the monagzite is being determined
on the bhasis of its radiocactivity,

2. Sltuation, The Tweed-FPingel Area comprises a beach and assoc-
fated dunes separated by the Tweed River from a low lying coastal plain,
and higher country a mile to three miles to the west, The beach extends
northwards for 3% miles from Fingal Point to letitia Spit at the
mouth of the Tweed River, about 600 feet south of the solid rock which
‘forms the North Head of éhe river and 2000 feet south of the Queensland.
New South Wales State boundary. Plans of the area, along with a
locality map, are pgiven in Plate 1 at the end of ints report.

3. ﬁfﬂggg. Access to the Tweed-Fingal srea 18 by nmeans of the
Pacific Highway, which runs southwards through the coastal plain, and
a main road which runs along the eastern bank of the Tweed River from
the Highway bridge to Tingal Point. The area in the vicinity of Fingal
Point i1s closely built up, forming the township of Pingal. Northwards
fron the Township, dwelllings in a Native Settlement extend along the
western foot of tﬁe dunes to about one third of the distance to
letitia Spit. A metalled track runs through the Settlement nearly to
its northern end, dut further north, motor transport over the sandy
surface is praeticable only by means of a four wheel-drile vehicle with
2 low reduction gear,

' 4, Eggggggmggggggggt At the time of the investigation, leases and
applications for leases (Pootnote) (Plate 1) were held as $oilows t-
GOI’QS $ JeAe Foyster, Cudgen, NeSeWe
Special Tease Applications se
No.125 : J.A. Foyster, Cudgen, N.S.W.
Ho.144 3 J.P. Murphy, Tweed Heads, N.S.W.
N°'149 t JoP. Mﬂl‘pby, Tweed Heads, NeB.W,

FOOTNOTE : The application numbers are registered at the Court
Honﬂe, Lm“illmbah’ N.S.W.
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j%rgﬁggggsibilggx for Sections of this Report, The several sections
e) is report were conpiled by those whoe were most directly

responsible for the conduct of the respective portions of the work,
In general, however, each member of the staff assisted in several"
phases of the investigation, MNr. T.D, Dirmick, now an officer of
the Queensland Geological Survey, cerried out %he rreliminary field
work in the area, Mr, J. Ward, assisted by Mr. L.R. lLee, was
responsible for Laboratory work, including the separation and
examination of minerals, Mis L., Fdhouse conducted radiometric
determinations of quantities of monazite, and investigations of the
thoria content of the monazite, D.E. Gardner supervised the work.

B, TOPOGRAPHY,

The area between the beach and the Tweed River varies in width
from 1000 feet to 1400 feet, On the profiles of Plate 2, it 1is
seen that the portion adjacent to the beach, about 400 to 600 feet
wide, is formed. of sand dunes rising to a height of 20 to 25
feet. The remafnder of the area, 600 to 800 feet wide, 1s low
and sandy, and encloses tidal lagoons connected by channels to
the river. The sand dunes adjacent to the beach are in the form
of long ridges parallel to the beach. This 41s i1llustrated in the
profiles of the bore lines between line 6000N and 2950N, which
show two main orests at spproximately 100 feet and 150 {0 200 foot
west of the beach., An additionsl pronounced dune is shown clearly
in lines 4500N and 5250N, about 600 feet west of the beach, and can
be traced further south, Ilorth of line 5250N this dune terminates
against a lagoon, which encroaches on the edge of the main dunes,
and probably represents a former channel of the Tweed River,

South of 1ine 6000N the dunes are firmly bound by vegetation,
which, on their western or landward sides consists of mixed dune
scrud (trees, shrudbs and vines) thick enough in places to impede
progress through the area. On the eastern or seaward side, a
covering of shrubs persists to within about a hundred feet of the besch,
where it gives place to coarse grases and spinifex, Some distance north
of the 6000N line , the vegetation becomes sparse and scattered, and
the dunes have been broken up to some extent by wind erosion. The
effects of this erosion may be seen in the profiles, in Plate 2, of
lines 75008 to 9000N, where sharp subsidiary crests and hollows aprear
on the outlines of tﬁe main dunes. The ridges which occur west of the
main dunes, in particular the ridge adjacent to the lagoon on lines 8250W
and 9000N, are similar active dunes, The islands within the river
channel are sandy, and range in height from river water level to 6
or 8 feet above water level, Their western edges are fringed by man-
grove swamps. The coastal plain which ranges in level from 10 to 2%
feet, (see footnote) is made up of low sandy areas covered by gunm
gerub box, banksia, shrubs and bracken, with swampy tracts characterised
by stands of paper-bark tea-tree and swanp sheoak, with rush-like
sedges. The seamps between the Pacific Highway, and the spurs of highe
er country to the west have a surface level approaching 10 feet, At
the edge of the river, the coastal plain is, in places, fringed by
mangrove swamps, Portions of the plain are 111ustratea in the profiles
of the scout-boring lines, (Plate 3) Prom about 2 miles south of
Fingal Point, the Tweed River flows approximately northwards parallel
to the coast, and is separated from the ocean by a ocomparatively narrow
dune area. It is probeble that the mouth of the river has been mich
further south that it is gt present, and has been moved northwards
because of the growth of sandspits from Cudgen Point to Fingal Point,
and from Fingal Point to Letitia Spit,

an GFOL

1, The Reac d Cogst The sand dunes and the
coastal plain are recent in age, and are composed of unconsolidated
quartz sand, The dunes adjacen% to the beach contain small guantities
of heavy minerals, and overlie "seams” of. heavy minerals,

FOOTNOTE. Mean low water has been adopted as the datum for levels
in this report. Mean seal level is agproximately 3 feet, and mean
high water level approximately 6 feet,
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! These. seans vwere depocited by the surf on the upgar part of the
beach during stormy weather in periods when the heach was a little to
the west of its present position. The deposits of heavy minerals
in Block 2 Plate 1 near the northern end of the area, viz., from
79008 to 9000NK, owe their origin in part to wind concentrahon. It
appears probable that in this locality former beach deposits have
been exposed and carried by the wind along with quartz sand into

recent small active dunes.

The dune which occurs at the top of the beach - the foredunee
continually receives additional sand blown from the beach by the
prevailing winds, During stormy periods, the foredune may be
eroded away. The vegetated sand ridges behind the present foredune
agpear to represent former foredunes, developed during periods
when the top of the beach was some diatance west of its present
position, The dune strip which anpears typically on line 6000N
from 110%W to 55E can be traced unbroken from the northern end of
Tetitia Spit to, approximately, the 0O dore line, and apgarenny
has been formed from sand blown up from the present beach, Dur
the period of 1ts development, the top of the beach advanced in
an easterly direction from apprrximately 110¥ ¢to 558, The
crest seen at ggoon / 190Y represents a prominent dune easily
recognised in the field from some distance gouth of the 5250N bBore
1ine up to about the 6750F line. This apparently was a foredune
formed when the position of the bYeach remained stationary for
gome considerable time, viz., on the 6000N lines, at arvroximately
140W. "he dune strip which includes this old foredune, 1.e, 6000N/
325W to 6000N/160W, 1= readily recognised from about the 52508 line
northwards to the southern boundary of G.L.3, where it terminates .
abruptly near the edge of a lagoon, DNuring ﬁhe reriod vhen this dune
strip was developing, the top of the beach, recognised by the
deposits of heavy minerals below the dunes, advanced 4n an esster
direction from about GOOON/260W to GOCON/I80MW. It is probable tha
this dune strip, with the underlying deposits of heavy minerals

- formerly continued furthor northwards, but that 1ts northern end has
been eroded by the Tweed River., The south-eastern boundary of the
lagoon in this locaelity may mark the supposed river channel., The
deposits of heavy minerals in Block 2 from 7500N to 9000N, now

° sublect to re-sorting Lty wind action, were proggéy originally besch
deposits continuous with the deposits in line N, 260% to 160W,
but were later re-sorted during the encroachment of the river,

In the southern portion of the area, the prominent dune at 00/
400W trends north-westerly and terminates adruptly at about 300 feet
south of the 750N bora line, At the northern end of the southe
eastern margin of the lagoon, which is close to the termination of
the dune, numerous basalt boulders aprear. A bed of basalt boulders
is exposed on the teach during stormy weather, spproxiuately 300 f¢,
gsouth of the 750N line, On the 16th Necember 1949, the boulder bed
appeared from about 300 feet south to 450 feet south of the bore line,
and extended seawards towards Cook Ysland. It is possible that the
brulders anproximately represent an old river channel which breached
a former dune spit. The heavy mineral intersected in bore line
7508 as far westerly as 5707 msy represent concentrations formed at

that time,

2. M Pliocene basalt outcrops at Pingal Point and
Cook Iesland, and continues downwards below sea level, This basalt
anppears as ©01iffs at the northern and western edges of the Tweed
River near the lHighway Bridge, where it continues below river water
level, 1Inliers or "islanda' of Lower Palaeozoic sediments separate
the western edge of the coastal plain from the Terranora Broadwater,
form the higher land on which &8s built the greater part of the Tom
of Tweed Heads, and form the headland at Point Panger, In places,
these sediments are cap-ed Yty Pliocene Basalt,

3. Tylac gent Frergence, The present beach and coastal
dunes, and rlain, appear to be a result of a comparatively
recent rgence of this z:or% ion of the coast, vidence of emergence

i3 seen in the following te

(a) A platform, presumably wave cut, surrounds Cook Island
at a height of approximately 10 feet above fugh water level,
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(b) Conglomerate, consisting of rcunded end sub-rounded
boulders of basalt, and rounded quartz pebbles, appears in a
cutting near the Pingal Post ~ffice, from the yoad lebel up to
approximately 12 feet above present high water level,

(c) A shingle bed, composed of sub-angular boulders of
basalt, 12 to 15 feet above present high water level, fringes
the zand and indurated sand which joins the dasalt outcrop of
Fingal Point to the larger outcrop of basalt at Fingal Township,

The emergence suggested by the conglomerate and boulder beds
appears to be of the order of at least 15 feet, Apart from this
evidence, numerous kitchen middens spnear on the spurs of higher
land at the western edge of the coastal plain, These middens
are now scparated from river and beach by wide tracts of swamp
and tangled vegetation, The middens seem to indicate an eastward
recession and the coast line, with the development of a swenpy
coastal plain, lNowever the emergence suggested by the occurrence
of the middens may be of small magnitude.

1. The positions of the hores in letitia Spit were
mapped 4in a plane table survey, which related them to the lease pegs
of G.L.4, and to the eastern training wall of the Tweed River,
Bores south of G.,L.3 were related ® the eastern training wall, and
to the surveyed western boundary of the allotments in the Native
Settlement,. The bore sites in the coastal plain were marked out bty
chaining from fences shown in the New South Wales Lands Dept.

Plan of the Parish of Terranora, County of Rous (Scale s 1 inch
squals 40 chains, Date : January, 1947). A plan showing the bores
in the Tweed~Fingal area on a scale of 500 feet to the inch 4s
given in Plate 1, The boundaries of Palaeozoic sediments and
Tertiary basalt were sketched on to Military Maps and Lands
Department Parish and Town Plans. These boundaries are approximate

only. .

2. Boring, Boring to ground water was by means of a post hole
digger or auger, lengthened as required with 5 foot lengths of
piping, coupled screw Joints. Below ground water level, or below
the depth to which sampling of loose sand could conveniently be
done with a post hole digger, about 20 feet, the bhore hole was
cased with 1ight 3 - inch boller tubing, and a sand pump used., Before
‘boring was started, the bore sites were levelled, using a telescopic
alidade set up on a plan table. The datum for levels was high
water mark, which was assimed to have the level given in the Tide
Tables of tne Queensland Department of Harbours and Marine, plus
one to two feet added for the wash of the surf, The levels of the
bores were determined to within about 3 inches, and checked by
back levelling,.

Prelininary boring and sampling of the beach and sdjacent
dunes was carried out during August 1948, when bores were put dom
to ground water level, Additional boring in June 1949, to ground
water level, defined the boundaries of the heavy mineral deposits,
In Rovember 1949 soue of the earlier bores were deepened and
sampled below water level, At the same time scout bores were put
down in Creenbank Island and in the coastal plain,

: 3. ggnplggga puring the preliminary boring, samples were
taken of any s w' ich appeared to contain apprecilable qg:utitiea
of heavy minerals, snd a single sample was made up from ¢
overburden, During the later boring, the bores were sampled in
sections from top to dottom, whether mineral appeared to be present
or not. The reason for this complete sampling is that concentrates
with a comparatively high zircon content tend to be grey rather than
black, end are liable to be left unsampled, Samples taken from

the bore holes were reduced by quartering to a convenient size,
about 700 to 1000 cubic centimetres, and bageed for despatch to

the field laboratory.
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Rt ipat! _ {ties of Heavy Iinerals, The bore
samples we ried, and 700 ccs. of each samnle was weighed. The
heavy mineral concentyates were then separated from the 200 cos,

of sample by means of a laboratory 1"ilfley Table, and the weights
and volumes of the dry concentrates were measured, The quantities
of heavy minerals in the samples were then expressed as weight

per cent and "1bs/per cu.yd" (pounds weight of heavy mineral
concentrate per cubic yard of sand) and are given in Table 7 at the
end of this report, :

(b) et on of Compositions oncentyates, The average
percentage composition o e heavy mineral concentrates in the area
was obtained from a composite sample from each bore line. The
composition of the composite sample was determined by separatink
the sample into a maghetic and a non-magnetic fraction on a Frantg
Isodynamic Separator, and separating the non-magnetic fracticn
into a zircon and a rutile concentrate electrostatically, The
nagnetic fraction and the zircon and rutile concentrates were weighed
and the composition of the magnetic fraction determined by graine
counting, The monazite content of the sample was determined rzdioe
motrically, The average composition of the heavy mineral concentrate
in the area is given in Table 3, Page 1l.

(o) Variat
and _in _g£he Jhorlig .
variation which mig e compositions of the concentrates
from east to west, portions of the concentrates of the area were
grouped into composite samples representative of the heavy mineral in
Block 1 snd Blook 2 (Shown in Plate 1), To detect any variation

from south to north, additicnal portions of the concentrates obtained
from Block 1 were grouped into three composite samples Cl, C2, and
€3, representing blocks of mineral from south to north, The bores
from which concentrates were taken to make up the composite samples
are shom in Table 1,

. SABLE 1 M% 3 Preparation of composite samples to
- examine tribution of Heavy Minerals,

. ORES 0N WHICH I.7NPS ALONG DIRRCTION IN
COMPOSITE - [CONCFNTRATFES MARING UP | WHICH RORES WHICE VARIATION
COMPOSITE VFRE TAKEN ARF. §I‘3?UATED INVESTIGATED
o : i :
U¥! - “0ip,
j OF = JOO¥
BLOCK 1. 00 = 110w
! bt ; UW .
N - -
d DY - —t; LIV [
00 - 280% (4] :
; : Ii 0 BAST-WEST
i
< Ol e¥ - O 500
BLOCK 24 L4, \
g ;
‘AF H (‘t - r4 -
. - '
001. 4 L.' - 20) w
. ;%g! 4
c.2 4 ﬂ
: &5& = jggﬂ SO0UTH-NORTH
c3. I R——fm B2
24¥ « 5S4V 9000R

Each composite sample was divided into two portions « one portion
for the determination of the percentage of zircon,rutile and 1lmenite,
and@ the other portion for the determination of percentage monazite,
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(1) %%zggg;ﬁg&i;giang_zzgggass. The sample was separated
magnetically on a Frantg Isodynamic Separator giving a magnetic
fraction made up mostly of ilmenite with a 1ittle monazite, garnet
and tourmaline, and a non-magnetic fraction of zircon and rutile.

The gircon and rutile were separated electrostatically., The magnetic
fraction and the zirecon and rutile concentrates were weighed § the

composition of the magnetic fraction was determined by grain-counting,

(14) The percentage monazite in concentrates was
determined neans of Geiger-Nuller gamma-ray counting equipment, In
the determination of percentage monazite by this method, allowance
hes to be made for the radioactivity due to zircon,rutile and ilmenite,
A auantity of high-grede monazite (Footnote) was prepared from
congentrates of the area, The sounting rate given on the Geiger
Nuller equipment by the monazite was recorded, snd the number of
counts pey gram per minute due to this monaslto was calculated,
S4milerly, the second portion of each of the composite samples
which had been set spart for the radiometric determination of
monarite wos tested., Allowance was made for the radioactivity of
the rircon,rutile and {lmenite and the numbder of counts per gram
per minute due to the monarite in the sample was calculated, PFrom
comparison of the sounts/gram/minute of the high-grade monarite and
the monarite in the sample teins tested, the percentage monazite
in this sample was cslculated.

(114) Th oyl nt. £ Mo te, A monarzite concentrate
vee ceparated from a composite sample representing the whole area, -
The thoris content of this monazite was tested radiometrica%ly
by comparison with a standard monazite sample containing 6,68 thoria,
Fonazite concentrates were also separated from composite samples
representing Block 1, and Block 2, As the quantity of monazite
obtalned from these composites was too small to fi1l the smallest
of the sample contalners for which the Geiger-Muller equipment has
heen crlibrated, zircon was added to the monazite to make up the
required volume. The standard monazite was then mixed with some
of the same ziroon, such that the proportions of monazite and gircon
approximated to those in the sample to be determined, The thoria
content of the monazite in the two ssnnles was then compared
radiometrically with the thoria content of the standard monarite,

1. r E!l22_Eiiﬁﬁg“ﬁinﬁxll.ngnﬂgésf;
(a) F The p gilven in Plate 1 show that the deposits of

heavy mineral occur from about 2,000 feet south of the northern end
of letitia Spit to the southern end of the beach, nesr Pingal Point,
The princ%gal deposit, continuous over this distance, ahs a total
length of 9000 feet, varies in width from 80 feet to 330 feet, and
is within 20 to 400 feet of the upger edge of the beach., A series
of disconnected deposits occura s little further west, approximately
400 ft.to 80O £t. distant from the beach . These deposits vary

in width from 70 feet to 250 feet., The average combined width of
the main deposit =nd the subsidiary western deposits 4s 300 feect,
¥o appreciadble 3pant1t1ea of heavy minerals were found on the beach,
The thickness of the ceposits (Plate 2) varies from a few inches

to a maximum of 9 feet in the higher grade and 15 feet in the lower
grade deposits, The aversge is 2 €4, 6 inches (Table 3).Reference
to the sections of the bore lines (Plate 2) shows that the main
deposit, from line 6000N to line 5250N (an probably from 75008 to
15008) underlies two distinct dune strips, and eamsterly strip

which occurs fron the edge of the present beach to about the
position 120W on the bore lines, md a westerly strip from about
150¥ to 300W. The development of these two dune strips, each with
its derlying deposits of heavy minerals, 1s discussed in Section
C.1. above (General Geology s The Beach and Coastal Dune Area).

The sections of the bore lines, (e.g. 1line 6000N) indicate that,

on the whole, the largest quanéities of heavy minersls were
deposited during the development of the westerly dune strip.

QTEL This "Monazite" was a concentrate containing 99% nonazite,
It was not necessary to prepare a 1008 monagite concentrate to obtain
the required »esults,
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Seout boring west of the "weeé River falled to locate more than
traces of heavy ninersls. ™he greatest pronortion of heavy minerals,
0«8 per cent by weight, was found in the upner 3 feet of bore
67508/80W on Greenbank Island, Many of the samples obtained from
the coastal plain failed to show even traces of heavy concentrates
on the Wilfley Table, It 1s concluded that, between Tweed Heods

and Fingal Point, no deposits of heavy minerals occur, down to

low water level, west of those showmn in Plate 1,

(b% 3 t The deposits beneath the dune
adjacent to the beach end unbroken for considerable distances as
t"gseams” parallel to the beach, In oross section, that is, a section
in a vertical plane at right angles to the beach, a seam

comnionly appesrs wedge-shaped, tapering off gradually towards the
beach and dipping bodily towards the beach at an angle of a few
degroes, ™he scction on Plate 2 of the 2950N bore line shows that
such a seam has been intersected 4n bYore holes 80W, 40W, and 00,
Commonly, two or more seams, each parallel to the ﬁeach and dipning
towards it, are arranged en echelon, overlapping from west to east,
to form a composite deposit. Such overlapping seams aprear beneath
the dunes near the beach in the sections, Plate 2, of bore lines
7500N, 3750N, and 750N. The westerly deposits (Bioek 2) apnearing
in lines 9006N to 7500N appear in the main to be due to wind
concentration, and occur meinly as low active dunes, or portions

of low dunes, In addition, the lower grade deposits appearing
between levels of about 10 ft., and 20 feet in the beach portions

of several of the bore lines are dune deposits, These are cSomewhat
elongated in a direction parallel to the beach, and though frequently
wedge-shaped in cross section, and dipping in an easterly direction,
are much less regular in shape and attitude than the high-grade
geams” below them,

s Levels at *"high Depogits Ocours The principal
deposits intergected by the bores occur within limits of 3 feet to

11 feet above mean low water, i.,e. their lower level may be dowm to
nean sea level and their upner level may Be § fect above mean high
water level, (Footnote) Deposits of lower grade, from 120 1idbs to

300 1bs of heavy mineral per cubic yard, occur in the main dunes up

to a level of 21 feet, or 15 feet above mean high water, and, in

the low-lying western part of Letitia Spit, dom to 2 feet telow mean
low water., It is suggested in Section C.l. above that the Tweed

River encroached temporarily on this areas If this supposition 4s
ocorrect, the low-level deposits are readily explained as concentratims
effected by the current in the shallow eastern part of the river
chennel, Further details of the levels of the deposits are

summarised in Table 2,

G tIN _GAl Ha 3 A3 »P M
Giving the maximum and the minimum level each bore lines.

GRADE 1FVELS OF DrPOSITS. RPFFPRAED TO MRAN LOW WATFER.
IB.PFR,CU. YD, T0P OF DFPOSIT (FT)1 BOTTOM OP DEPOSIT (PT).
Over 300, Average , 9.3 |Aversge ‘323
Fxtreme Range. 5.6 to 12,8 [Pxtreme Range 0.0.to6. éf)
Usual Range 8.5 to 10(@) |[Usual Range 3.3 tod (@)
120 to 300 Average 14,1 |Average 4.4
Fxtreme Range.7.5 to 21,3 rxtreme Range 2,0 ig 5 (4
Usual 10 to 11 gp) Usual At05 (B
. Range 16 to 19 (X) Ranges. Anprox.10 « 11 (X)
REMARES .. #) Deposits formed by wave action,
%x; Degosits formed in dunes wind action ,

(#) The lowest level is probably due to depoaits
formed in a former channel of the Tweed River,

%%ansgg, The lower levels of the deposits intersected by boreholes
OON/110W and 1500N/170W were 2,5 ft, and 1.2 £t, respectively. Fach
of these bores was put down at the hottom of a hollow between dunes,
It 15 likely that the bore site was originally merked out end
levelled a foot or two above the bottom of the hollow, If so, these
tottom levels would be a foot or two higher than recorded,
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ZABLE 2,

SEE | e | guame | wuwm o | e viomrss . |- Gioe
PLATE 1. 5Q. ¥YDpS. CONCFIITRATE. DEPOSITS OYRRBURTEN NEPOSTTS | OVEREURDEN LBS/CU/YD
BLOCK 1 252,614 36,259 222,262 476,285 2.6 5.6 364.5
BLOCK 2 90,250 11,065 67,275 20,75 2.2 047 3684
TOTAL 342,864 47,324 289,537 497,035 2.5 4.3 365

MONAZITE ZIRCON RUTILE ILUFRITE " GARNET (X) OTFER FINFRALS.(§)
PFRCFNTAGE 0.6 48,9 28.0 21.6 0.3 0.6
URIGHT (TOUS) o84 23,141 13,251 10,222 142 284
<+

(X) This figure is somewhat low

(#)

corundum, Spinel and amphibole,

varying proportions of garnet are lost when the sand is teing tabled.
The “other minerals® are chiefly :- tourmaline,garnct with occagiocnal grains of epidote,
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serve
(a) ﬁoggl gesggzqg. A surmary of the total reserves of

heavy nineral end quantities of overhurden is given in Mable 3,while

a statement of tho reserves between each pair of bore lines annears

in Table 6, Details of bores and samples are given in Table 7.

When computing the recerves 1t was necessary to decide, somewhat

arbitrarily, the minimum grade of sand which should te included,

and the minimum thickness of sand of a given grade, The ninipum

grade has been fixed at 120 1bs, weight of heavy mineral concentrate

per cubic yard of sand, This is a little greater than 4 per cent

by weight (Footnote), The minimum quantity of mineral was decided

on the basis that the product of thickness of seam in feet times

. pounds of heavy mineral per cubic yard should be at least 300.

Thus a seam which has a grade of 600 1lbs of concentrate per cu.yd.

must be at least 6 inches thick, and a Seam of minimum grade,

120 1bs per cu,yd, must have a %hickness of at least 2 ft.61inches.

Actvelly, the Twced-Fingal deposits are predominantly much higher

in grade than the minimum grade, given above, The overall average

grade as stated in Table 3 is 335 1bs, per cu,yd, end 1t can be

seen in Table 6 ond 7, that a comparatively high grade is maintained

at each bore line, '

C es _now availgble fopr Mining, The plans given in

Plate 1 show ths he deposits occur almost entirely within the

boundaries of G.L.3 and Special lLease Applications 70,125 and 144,

Thus, the quantities available for mining are substantially those

givenliz Tadle 3. No mining has yet been undertaken in the Tweedw
ngal Area. :

e

(¢) Posgible Fut 081t No heavy mineral deposits were
found on the Tweed-Fingal beac However, i1t is possible that,
in the future, the dunes adjacent to the beach top will build up
aend advance seawards sorme distamce. FErosion durinz subsequent
stormy weather may then effect doncentration of their small quantities
gﬁ hga:y ginerals, end form new deposits east of the deposits shown
Plate 1.

(a) The Nbmerved Distridution, The percentages of zircon,
rutile, {lmenite and monazite in the composite samples of Table 1
representing portions of the deposits from east to west, and from
south to north are given below in Tabdble 4,

TABIE 4, Variation gn.giggzg; Composition of Congcentrates,
PERCENTAGE COMPOSITION (NECLECTING DIRFCTION IN

COMPOSITR THR PFRCENTAGT OF GARNRT AND OTHER UTRICH VARIATION
samIr | MINGRALS) INVRSTYGATED,
ZIRCON RUTTIE | IMRNITE | MONAZITR
+ PAST'MST

Block 2 42,2 31.8 25,3 0,72

C.l. 46,6 30.5 22,3 0.6%

Ce2e 47,3 30.3 21,8 0.54 SOUTH-NORTH
Ce3e 49,6 28,0 21,7 0469

It 15 seen that the more easterly block, Block 1, has a higher
zircon content than the westerly block, Blecﬁ 2y with a correspondingly
lower rutile and ilmenite content, It is unusual that the monazite
content of the composite semple from Block 2 4s higher than that

from Block 1, because, from previous investigations 1t agpears that

the higher values of monagite are generally found with the highor
values of zircon, Plate 4 shows graphically the varlation in
rercentages of zircon, rutile and 1lmenite in composite samples from
south to north.
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The percentages of these minerals are falrly constant for the

first 5000 feet, but from 5000 - 8000 feet, the percentage zircon
rices abruptly while the percentages of ru%lle and 1lmenite
decrease., fHome correlation can be made between. the disiribution
of mineral and 1its specific gravity. The curves of zircon,

of specific gravity 4,66 and rutile, S.G.4.2, diverge from each
other appreciasbly, while the curve due to ilmenite which has an
intermediate specific gravity of 4,5, has an intermediate position.
A sinmilar connection between specific gravity of a mineral and

its distribution was noted in the Palm Beach Area. (Records

1950, NOQ?O)

The curve for monazite (Plate 4), 1ike the curve for zircon
rises steeply in that part of the curve which represents the nor%hern
portion of the erea. The curve for monazite, however, differs from
that of zircon, in that the monazite curve representing the portion
. of the erea from 00-.5000 feet north dips sharply,while the gzirecn
curve representing the same portion of the area continues to rise

gently,.
(b)_Suppested Causes of the Obgserved Distribution of Heavy

(1) Southern Part of Block l, The lower percentage of monazite
in conmposite ssmple C2 in comparison with composite sample Cl
suggests that the monaztie, which has a higher specific gravity than
the other heavy minerals, iagged behind a3z the minerals were being
traneported northwards by the surf, In the case of zircon, ilmenite
. and rutile there is but little variation in the southern portion

of Plock 1, represented by samples Gl and C2,

(11) Rlnck 2 and_the Northern Port 0 ock In the
northern portion of the area represenieg by composite sampnle C3,
i.e 7500 fect north of the 0D bore 1line to 9000 feet north of the
00 1ine, the percentage monazite increases., An increase in the
percentage monazite in also seen in the composite sample representing
Plock 2, the more westerly blocke It 1s possible that the increase
in percentage monazite in Block 2, and the northern portion of
Block 1 (viz. the portion represented by composite semple C3) is
due to a former change in the position of the western bank of the
Tueed Niver to anpproximately the nosition of the scuth-eastern margin
of the nearby lagoon. The dune strip appearing between 150W and
3007 on bore lines 5250N, 6000N and 6750N, with its considerable
deposits of heavy mineraia, was eroded northwards from the southem
boundary of GL3e The Tweed River probably entered the sea at about
the locality of bore line 8250N, The quartz sand 4{n the eroded dunes
was carried awey by the river, but most of the heavy minerais
remained more or less in situ, These concentrates, re-sorted by wind
action, appear now as the deposits of Block 2, The mixed concentrates
of these deposits contain a relatively high percentage of monazite,
which nay be expected. However, the percentage of zircon 1s relatively
low. No ready explanation for this can be ofifered,

The surposcd encroachment of the Tweed River implles that the
dune strip sdjacent to the present beach had not then becn formed ,
since this easterly dune strip cen be traccd continuously to the
northern end of the area, with no suggestion of a break about the
8250” bore line,

During 1ts period of development, that portion of the eastemn
dune strip south of G.L.3 was protected from wind erosion by the
older western dune strip, HNorth of the southern boundary of Ge¥e3.
the eastorn dune strip with 1ts deposits of heavy minerals was
exposed to constant active erosion by the prevailing winds, blowing
from the ocean, Much of the quartz cand and@ some of the lighter
of the heavy minerals, viz.rutile and 1lmenite were blown away
westwards, AsS a resuit the concentrates from the northerly portion
of Block 1 became relatively richer in zirconénd monazite and poorer
in rutile and ilmenite :

4, Thoria gogtgnt g% the Ionazite, Figures for the determination
of thoria are given in Table 5, It 18 seecn that the thoria content
of monazite from Block 1, Block 2, and fron the entire area (Blocks
1 and 2) is, respoctively, 6.6 percent, 6,8 percent, and 6,8 percent,
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HORAZITE CONCFNTRATE,.

BLOCK 1. T

BLOCK 26

FPHTIRE ARPA (Plocks 1 & 2)

EONAZITE CONCTNTRATE (B) STPANATTD PROM THY MIXFD

FTAVY CONCFNTRATTS OF THY REOCK g:imazite (1) 93.; I!{imazite (M2) 93.;' !xg!mazite (r14p2) 93.2
7ircon . - 2ircon . rcon s
é%;en&?: o 0.7 I%;anato ral 0e3 ggﬁglgt- 3'4
Yther Tinerals Other ine S enite
ﬁ ﬁ"’ Other Minerals .
FONAZYTE CONCUNTRATE (T) =raTrd ©OR THORIA (BADE UP Honazite (M1) 22.7 Bonazite (¥2) 22.8 The monazite concentrafa
FROE THE MOTA2YTD COVCFATRATE B AROVR) IN TH® CaASE 7ircon : «0 | Tircon ' 7.0 tested was the Monazite
OF BLOCKS 1 AND 2, THIS CORCFNTRATR TIAS MADE UP BY Ilmenite 0e2 | Ilmenite 479 § concentrate (¥) shomn
KIXIRG CORCFRTRATE E TITE ZIRCON,. Other mneralaﬁ Gther "inerasls ﬁi above.
FORAZITE CONCrRTLATE (C) TI7I8 CONCRNTRATE TAf HADE Monazite (MS) 24.1 Honazite (MS) 22.7 Honazite (MS) 99.6
UP BY FIXING TR S7MIDARD 0r1AZTIIE (M8) UITH Zircon 5.8 Z7ircon - 6742 7%rcon 0.2
2IRCOR B1C, . Other ninerals Other minerals Other minerals ﬁ_
MASE 07 UNPRAZYITE CONCTHTRATE (T) (INCPANS) 11.470 o 11.927 11,137
s
HASS OF WONAZITE CONCFETRATE (C) ¢ INGRAYS) 11,484 11,927 11,156
EXCFESS QVFR BACECROUND (COUNTS PPR MINUTR) TUF T0 ‘
FORACTIT CONCTHTRATE (T) é6 700 1879
FYCEES OVFPR BACKGROUND (COUT™S prn FINOTR) TUR 70
FONAZITT GORCTYTRATE (C) 7l 679 1852
COURTS/CGRAM/MINUT. OF YYNAZITE (M1,V2 and M1 + N2) '
in monezite concentrate (T) ALLOVING PCR COUNTS (-éa§=§ag§)'= 177 ¢ Zggsi%nS) = 175 = 171.
DtE 70 ZIFCCR, ¢ . feounts due %o §i?cen
) neplirible
COUNTS/CRAY/RINDTE o7 7TACI™ (M3) IN "PNAZITR ‘% = 178 (6 -ld ) = 170 = 167
*® L J

COnCTNTRATY (C) ALLATYNG TOP COURTS nUD 70 2IRCoN

(counts %ge, to zircon

PTFCENTACT THORIA

Qo 6.67)=6.6¢

(342x 6.62) = 6,8F

i 26.6£) = 6,68

9
(@) Cslculeted on the btasis of the thoris content of the standssd ronazite/chemical analysis

gives ss 6,67,
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However, the experimental error due to the equipment is
(¥ 0.3) percent. Nence, it nay be concluded that the thoria
eontent of monazite from Block 1, Block 2, and fror the entire area
is the sameé within experimental 1imits, as the thoria content

of the standard monazite. viz. (6.6 = 0,3) percent.

The Beach Sands Investigation along the ilew South Tales Coast
has received assistance from the New South Wales Mines and Lands
Departrents in the provision of lease plans and parish plans,
and from operating conpanies who hold leases in the areas
investigated, Information regarding leases in the Tweed-Fingal
area has been provided by Cudgen Rutile-Zircon (Cudgen R-2),
Fingscliffe, and Tweed-Rutile Syndlcate, Tweed Heads, Notes on
tho vegetatian of the area have been compiled from information
supplied by Mr, S.7. Blake of the Queensland Department of
Agriculture and fitocke In the sdninistrative and supply aspects
of the work, much help has been received from the State Controller
end officers of the Department of Supply and Development, Brisbanaee.
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