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He1:wy reel sond Bcc1xin1tlations are prorninent along the Jfl.euriou 

]?eninsuJ.a coar:rUine. Tho mineralogy o:f the e.ccumulv.tions were 

deterrn:L:ned along 1d. th cornposi tiorw.l var:Ln:l;ions o.ncJ. di st:d bu tion of' 

the lninereJ- tlpecies in o:verage bi�.ck beach samples. Hc:icheJ.1icol 

ni1a�Lysis o:f the back be1:1,ch s;:1.mples sJ-JOwed tlw.t the rnedJ.an, sortinc; 

and slrnuness varied between f:Jouthern 1:J.nd. He stern coastlines. 

The southern coa.stlino samples v.ppeared to be finer groined, 

bett,er sorted and 1e,ss skewed. .l:'rovenance of the heavy mineral 

content of the trn.nJ. differs for the refJpective coD.stU.nes of the 

penint1uJ.a. 'l'he southern coa.stline reflects the Goxnbrlan 

meta1norphic terrain Hhile the wewtern coastline reflects the 

Pre Cambrian in.liers and tho 'J:ertiary. 
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2. 

INTRODUCTION 

11his work was undertaken primarily to determine the nature of the 

minerals in numerous red-sand accwnula tions, the composition of the heavy 

minerals in average back beach samples and to determine the distribution of 

such constituents along the Fleurieu Peninsula coastline, in South Australia. 

The coastline examined was between Christie8 beach and the Hw.ray Mouth 

(see Map 1 and 2). 

The provenance of the heavy mineraJ.ogy in the sand was attempted, 

along with a mechanicaJ. analysis of the lirni ted number of back beach and 

dune samples collected. 

1. COASTAL PHYSIOGRAPHY AND GEOLOGY.

The reader is referred to map 2. A more detailed account of the geology 

of the Flem��u Peninsula will be given :Ln Appendix 2., but a brief mention 
V 

of the coastal geology with the physiography will be made here. The coastline 

consists principally of youthful cliffs cut in Tertiary, Cambrian and Pre­

ca.mbrian roclrn. The more resistant rock strata form prominent headland:3, 

while the softer lithologies have been eroded away to form embaymants with wave-

cut platforms. This is especially evident in the vlillunga and Noarlunga 

Basins on the Western Fleureiu Penin:3ula, where the beaches are a thin veneer 

of sediments on Tertiary rock wave-cut platforms. 

Rocks of the Karunantoo Group of Cambrian age outcrop extensively along 

the southern and south-western coastlines of the Jr'leureiu Peninsula. The 

rock tY}Jes are mainly phylli tes, greywackes and quartz:Ltic schists. C1Tanitos 

are exposed at Victor HarboUl' and Port :i[!_liott and have a localized effect 

on coastaJ. physiography. On the western side of the peninsula Pre-cambrian 

rocks outcrop from Rapid Bay to Yankallila Bay. Younger Pre-carnbrian rocks 

of Adelaidean age are exposed in cliffs as marbles, schists, tillites and 

titaniferous haematite-rich quartzites. The older Pre-cambrian is expo:3ed 



3. 

at Little Gorge Beach as gneisses, schists a.ncl pegmatites. Huch of the 

hinterland is covered with till a,nd fluvioglacials of Permian age. Grcywacke 

and limestone of Cambrian age-outcrop from Carrickalinga Head to Aldinga Bay. 

Talus outwash and alluvial clays cover the flat coastal plain from Sellick 

Beach to Port Noarlunga with sand and limestone formations of 'rertiary age 

outcropping in cliffs along the coast. JThnbayments and headlands have been 

carved from these soft rocks. On associated wave cut platforms small areas of 

sandy beaches and dunes are developed. 

The general coastal succession is interrupted 1;-y- the mouths of small creeks 

and rivers running into the sea. The major rivers on the western side of the 

peninsula are the Onkaparinga, Yankallila and the Myponga, while the most 

important larger creeks are Pedlar's, Canyon, Bennett's, Aldinga and Ht. 

Terrible. On the southern side the Inman and Hindmarsh river systems are 

important. Short creeks such as Deep, Tunkilla, Callawonga and Waitpinga have 

some importance too. :l!wther north on this side of the peninsula the Angas, 

l!'inniss, Bremer Rivers and Currency, Tookyerta and Mt. Barker Creek systems 

drain into the Murray Lakes. Sediment from these northern rivers could 

eventually reach the sea via these lakes. The rivers usooJ.ly flow all the 

year, but in summer months thi8 flow is very limited. The creeks are 

ephemeral in nature, in that they are small raging torrents carrying sediment 

to the sea after heavy winter rains, but in swnmer months they are dry or have 

a restricted flow, In the swnmer the stremn mouths at the sea are usually 

barred with sand. There is evidence in the form of enlarged valleys with 

respect to the present streams to suggest that these streams were much larger 

in Pleistocene tDnes. 

2. lYIECHANICAL .ANALYSIS

( 1) Genera_l

Samples were collected along the Fleurieu Peninsula coastline 

from Christies 1 Beach to the Murray Mouth. 'rhe approY.imate position 

of sample location along this 120 mile stretch of coastline is shmm 

in map 2. A vertical cut of six inches to one foot was made at or 



TABLE l - MECHANICAL ANALYSIS RESULTS I 

NO. B.S.So SIEVE Md. Ql. Q3. so. Sk. 
30 60 120 2_40 -240 SL (mms)

1. .56 54007 39.53 5.77 .05 .01 .265 .190 .360 1.37 1.36 

2. .62 29.17 61.65 8.,50 .04 .02 .195 .150 .260 1.32 1.03 

3a. .04 7.08 66.96 25.62 .29 .02 .155 • 125 .200 .. 1.26 1.04

3b. .05 1.29 54.09 44.51 .05 .03 .130 .096 .160 1.29 .91 

4. .02 2.59 47.85 48.13 1.38 .03 .090 .125 .170 1.37 .98

5. .07 9.35 70.47 20.00 .09 .02 .165 .128 .210 1.28 .99 

6. .02 8.32 86.12 5.30 .22 .03 .170 .145 .205 1.31 1.25 

7o 2.82 75.95 20.50 .68 .03 .. 04 .315 .260 .390 lo22 1.01 

8. .61 64.34 33.64 1.37 .01 .02 .290 .220 .360 1.28 .94 

9a., .29 52.66 43.86 3.15 .01 .03 .250 .200 .310 1.18 .99 

9b. .26 55.61 39.26 4.86 .01 .05 .270 .190 .340 1.33 .88 

10. .01 45.94 48.86 5.15 .01 .02 .240 .200 .300 1.22 1.04 

11. .23 5.92 89.44 3.97 .42 .07 .155 .170 .145 1.08 1.03 

12. .01 .58 92.39 6.56 .44 .10 .125 .128 .. 130 1.04 .99 

13. .56 19 .. 33 75.12 4.84 .15 .03 .190 .160 .235 1.,21 1.04 

14. 1.08 59.42 38.61 .87 .01 .02 .250 .240 .225 1.03 .98 

15. .04 49.66 44.62 5.64 .03 .11 .250 .200 .290 1.20 .79 

16. 2.63 71.10 25.00 1.19 .06 .02 .270 .250 .310 1.11 1.06 

17. .49 55.77 42.46 1 .,23 .03 .04 .260 .250 .275 1.05 1.34 

18. 6.13 46.46 44.41 2.97 .02 .00 .260 .250 .360 1.20 1.02 

19. 5.49 62.63 30.96 .88 .02 .06 .290 .245 .370 1.23 1,.08 

20. 1.12 17.33 80.40 1.08 .04 .07 .120 .120 .120 1.00 1.00 

21. 5.65 75.69 18.56 .07 .01 .04 .148 .135 .165 1,.10 1.02 
22 ., .39 83.94 15.42 .19 .03 .02 .135 .130 .140 1.03 .99 
23. .17 39.28 57.89 2.54 .10 .07 .115 .102 .128 1.12 .99 
24. 4.2 64.58 30.41 .74 .04 .01 .134 .125 .145 1.,08 1.01 
25. 3.0 50.73 44.61 1.61 .04 .03 .125 .135 .150 1.05 1.29 
26. 28.83 66.72 4.39 .04 .01 .05 .155 .125 .180 1.20 .94 
27. 3.7 58.83 36.58 1.12 .37 .07 .127 .120 .135 1.05 1.00 
281,. 1.47 68.74 27.13 2.,64 .01 .02 .135 .127 .150 1.08 1.00 
28b. .09 13.45 78044 7.97 .03 .01 .095 .082 .110 1.16 .99 
29. .62 20.11 43.47 35.68 .11 .05 .078 .057 .086 1.24 .78 
30. 2.40 62.21 32.38 20.95 .04 .02 .127 .122 .130 1.06 1.04 
31. 1.78 22.52 42.9 32.13 .,63 .03 .082 .059 .115 1.39 1.01 
32&. • . 11 27.40 47.01 48.90 1.18 .04 .,063 .059 .078 1.15 1.16 
32b. .04 13.75 70,.57 15.58 .. 05 .,02 .083 .070 .107 1.23 1..09 
33. .25 6.83 69el0 23.42 .,38 .09 .072 .,065 .,085 1.14 1.07 



J:t""'igure Ia,b,c,do Sieve results expressed in histogram f'orrn., 
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near high tide line. A sample of approxima te.ly one kilogram in 

weight was taken from the bottom and side of this cut by means of a 

flat bottom trowel. At most localities the composition and texture 

of the sand varies with seasonal weather conditions, position between 

high and low tide and along the beach. It was not practical to 

collect and examine enough samples to study these variations in the 

time available. The majority of samples collected were representative 

of the back beach, but a few single layer 11paystreak11 and dune samples 

were also taken. 

Table 1 shows the results of the mechanical analysis of the 

sand samples. The samples obtained were brought back to the 

laboratory to be split, washed, dried, weighed and then sieved using 

30, 60, 120, 240, - 240 British Standard Size Sieves. The result 

of the sieving was expressed in terms of percentages retained on each 

sieve. These percentages show the distribution of grains according 

to size. Histogram plots of these results (Figure 1a, b, c, d) 

showed a s;y711metricaJ. or assy1n�trical distribution. The assyTnetry 

was marked by a dominance of medium or fine admixtures. These 

differences are in part a reflection o:f the condition of deposition. 

A better method of comparison of the coarseness, degree of 

sorting and other textural characteristie;s is to compute certain 

statistical constants, these being the median diameter (Hd) 

coefficient of sorting (So) and the coefficient of skewness (Sk) from 

the cumulative mechanical anaJ.ysis curve. Figure 2 is �n example 

of this type of curve. The res·uJ. ts are plotted on a semi-logarithmic 

scale causine the central part of the curve to approximate to a 

straight line. The parameters of the frequency distribution can now 

be read or calculated from certain points on the cumulative curve. 

The most easily determined parameter of size analysis is the 

measure of 11average11 size, the median (Md). The median is determined 

by the point of crossing of the cumulative curve and the 50% line. 

Thus, the median is that size i-chere 50% of the material is coarser and 

50Jf are finer. There are two other diameters in the size distribution 

that separate each half of the c:umve into equal parts. These are 



called the first and third quartile diaJnet,ers, designated by Q1 
and 

ci3 respectively. c�1 represents 25% of the weight of the srunple

composed of particles larger than Q1, while Q3 represents 75% of the

weight of the saJnple consisting of particles larger in diameter than 

Q3. The quartiles and median are scaled from the mechanical analysis

curve and can be used to measure the spread of the grain size in the 

samples and skewness. 

The sorting or spread of the curve is mea.su.red by the coefficient 

or sorting (So) which is given as the square root of the ratios of 

the quartiles Q
3 

/ Q
1 

where Q
3 

is greater than Q
1
• Th� skewness (Sk)

measures the symmetry of the curve. This may be measured by the 

product of the quartiles divided by the square of the medium i.e. 

Q1 ,c�
3
/(Md)2 . If Sk is used, perfect symmetry has a value of unity,

and all values are either positive or negative depending on the 

direction in which the curve is skewed. With positive skewness, 

(i.e. Sk greater than unity), coarse exceed the fine particles and 

with negative skewness, (i.e. Sk less than unity), the converse is true" 

(2) Interpretation of Results

(a) Median

Back beach median range from .315 rnms (sample 7) to .063 mms

(sample 32). Dune median range from .290 (sa1nple 8) to .125 mms

( sa;nple 12) . Heavy back beach concentrate range from . 270 mms

(saJnple 9) to .083 m:ms (sample 32). Following the Wentworth

Classification of grain size the sands would be described as 

medium to very fine grained.

The median results of the back beach, some dune and heavy

concentrate samples were plotted in graph 1 against geographic

location on the coastline. The effect of coastal geology may be

evaluated by considering map 2 with graph 1 . From the eraph

there appearJ to be four distinct regions numbered 1 - 4, The

medians of the four regions were analysed statistically by the

application of the unrelated t test.
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6. 

(1) Back beach medians of regions 1 and 2 (= western coastline)

differ significantly from regions 3 and 4 (= southern coastline)

to the .01 probability level. At thifl level for 26 samples, the

critical value is 2.797. The obtained value was 6.59. Thus at

this level for 26 samples, significant difference exists between

the medians of the respective coastlines,

The average median for the western coastline is .229 mms, while

the average for the southern coastline is .115 nrrns.

(2) Back beach heavy concentrate medians of the western coastline

differ significantly from the southern coastline to the .05

probability level. At the .05 significance level for 5 samples

the critical value is 3 .182. The obtained value was 3 .65. At

this level, for the number of samples considered, significant

difference exists between the medians. The average median for

the western coastline is .218 mms while the southern coastline

is .079 mms.

(J) Not enough dune saJnples were collected from southern and

western coastlines for any statistical analysifl -to be made.

(/4.) When medians of region 1 and 2 of the western coastline were 

compared, it wa,s found that there was no real significant difference 

at ·bhe .05 level of probability. /l similar result was obtained 

when regions 3 and 4 of the southern coastline were compared. 

( 5) �Ji thin region 1 two peaks and corresponding lows may be

distinguished. This may be a random effect due to sampling error

or the variation may be real as the plot of dune medians closely

reflect the plot of the back beach medians.

As sta:ted above there is a significant difference in median values 

between the western and southern coastlines. It does not 

necessarily mean that variation between regions 1 and 2, 3 and L� 

and within region 1· does not exist. A more intensive sampling 

program and analysis of the samples is needed to ascertain whether 



7. 

there is or is not a significant variation between and within 

regions. Region 1 does lend itself to interesting speculation 

more than the other three. From map 2 it can be seen that the 

coastal geology of the region co1"".cesponds to the Tertiary of the 

Noarllmga and \lillunga Dasins. A detailed description of the 

geology.is found in appendix 2 of this thesis. 'I'he Tertiary 

becomes younger and the sediments less sandy and more clayey and 

limey, in the southern section of each basin. The peaks in 

region 1 may correspond to the effect of local coastal erosion 

of wave cut platforms and seacliffs. These are cotnposed of the 

basal Tertiary, North Maslin Sand and South Maslin Sand and lie 

in the north of the respective basins. These formations are 

essentially a coarse grained sand with their medians ranging from 

.211 mms to .420 1mns (:tvJining Review 105). The lows could be 

interpreted as sand derived from the finer and more limey and 

argillaceous sedi·ments comprising the younger portion of the 

Tertiary s0quonce. 

(b) Sorting Coefficient

A perfectly sorted sediment has a coefficient of 1.0. 

Trask ( 19.32) states trw,t So value less than 2. 5 indicates a well 

sorted sediment, a value of about 3. 0 is norm.ctl and a v0lue 

greater than l+.5 is indic1;.itive of a poorly sorted sediment, 

'l'hese values according to Pettijohn are too high. He quotes the 

work of Stetson ( 19.38) and Krw11.bein and Tisdel ( 19/+0) . The 

le,tter workers found that crystalline rocks which have disinter­

grated in place have a coefficient of sorting that places them 

within the range of Trask I s well sorted sediments. Stetson 

(1938) showed that near shore marine sediments of sand grade have 

a sorting coefficient between 1.0 and 2.0. Stetson considers 

1.45 to be average. Back beach So were plotted against 

geographic location on the coastline and the resulting distri­

bution is shown in graph 2. It can be seen that the majority 

of sediments have a So less than Stetson's average of 1.45, The 

average value for the western coastline is 1. 22 while the 

southern coastline is 1. 13. The sorting coefficient data from. 
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8. 

the western and southern coastline was tested statistically to 

see if a significant difference existed. At the .05 significance 

level for 26 samples the critical value is 2.064. The obtained 

value was 2.12. At this level significant difference e�ists 

between the sorting coefficients. This difference probably 

reflects a difference in transporting and deposi tionul conditions. 

The difference in transporting conditions is well exemplified 

when the So of a d1me and back beach sample are compared. The 

dune sample approaches closely to unity (e.g. sample 17, So --

1.05) showing that the action of the transporting agency, the 

wind, is very selective and hence appears more efficient in 

sorting action than water. 

(c) Skewness

The values for skewness of the back beach s1:vnples were 

plotted against the geographic locatton on the coastline (see 

gr�ph 2). It can be seen that samples are positively skewed and 

closely approach unity. Dune samples if plotted a.re negatively 

skewed and closely approach unity also. The selective action 

of the transporting medium in load carrying is shown once more 

in these resuJ.ts. Dune samples have their Sk less than unity. 

This reflects the obvious fact that the nwnber of fine particles 

far exceeds coarse particles in a dune smnple. 

(3) Interelation of Sedimentar.z_ Pro;r;>ertie{;k.

The statistical measures derived from the cwnulative size 

distribution curve may be related to each other and to other properties 

such as coastal geomorphology, current systems and the nature of the 

site of deposition itself. The results of such relationships may not 

always be clear or understood, but the trends which appear to be 

developed by such comparisons may be indicative of enviromnental 

conditions present at the time of deposition or variations in the 

littoral forces. 

(a) Size· and Sorting ..

A comparison of the coefficients of sorting and the median 

diaJneters of the back beach saJnples were made for the western and 
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southern coastlines ( graph J). Frm,1 the graph it can be seen 

that the majority of sediments are ·well sorted in that values of 

the coefficient of sortinz lie between 1.0 and 1.38. ;� line can 

be drawn 0:1 the graph separating the western ar..d southern coast-

line samples. The southern coastline samples are extremely well 

sorted, having a very narrow range in sorting coefficient and a 

fine grain size. The western coastline samples have a wider 

range in sorting coefficients and. are more coarse in grain size. 

(b) Size and Sketmess

"� similar comparison was made of the skewness value and the 
o• d-• '.L I hi\ neaian iame vers. 'l,gra� '+i. Two fields of values are again 

evident although one sample from the western coastline plots in 

the southern coastline field. The significance ?f this is not 

known. There appears to be a greater clustering of skewness 

values about unity for the southern sarnples. 

(c) Sorting and Skewness

A similar cor,1parison was ma .. de with respect to sorting and

skew·ness values for the back beach samples (graph 5). The

majority of the data clustei� about the 1.0 and 1.25 values ofthe

coefficient of sorting and .95 to 1.03 values oi.' skewness. ;l,.s 

the value of the coefficient of sortin� increases smi::.e of the 

samples appear to become more skewed. This appears to be more 

evident with the western than southern samples. Small values 

for both So and Sk indicate a well sorted sediment, in which the 

peak of the size distribution lies near the median diameter. 

This means the sediment is in adjustment with its environment 

and has therefore been transported, deposited and maintained by 

a narrow range of conditioning factors, 

(d) Geographic Features related to Sedimentary Froperties.

No obvious relationship exists between sedimentary properties 

(sorting, median and skewness) and major coastal features from 

graph 6. 
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Gape Jervis may have an effect because it is this coastal feature 

the;t, separates the western and southern coastlines. The coastal 

bays do affect the accumulation of heavy minerals. (see fig. Z..) 

3. MINJI:Il.ALOGY.

Heavy mineral smnples from Port Elliot and Maslin Beach on the southern

and western side of the Fleurieu Penins1..lla respectively were talrnn as type 

mineralogical ey,.amples of the peninsuJ.a. The heavy fractions of both 

samples (greater than SG2.8) were separated by heavy liquid methods using 

tetrabromo-ethane and then washed with acetone and dried. A powerful hand 

magnet was then used to remove magnetite and other ferromagnetic materials. 

This removed material was called the ferromagnetic fraction. The remainder 

of the heavy fraction was passed through a Franz Isodynrunic Separator. This 

was set at a fixed slope and tilt with successive increases in the field 

strength of the electromagnet by increasing the coil CUJ'.'rent. A slope of 

20° and a tilt of 15° was found to be satisfactory for aL1 operations. 

(NB:- The slope is the inclination of the long axis of' the chute while tilt 

is the inclination of the transverse axis of the chute, both of which are 

. measured from the horizontal.) The final fraction is non magnetic at almost 

the maY.innun setting of the instrwnent. This contains heavy minerals, su.ch 

as zircon and rut.ile, and some light minerals such as quartz, calcite and 

feldspar. '.f.'he light m.i.nerals were removed from the final fraction by heav-y­

liquid separation using methyliodide (SGJ.3). The various fractions were 

then exa;nined by making slides, mounts in oils and briquettes. 'l'he se were 

viewed under transmitted and reflected light microscopes. Some ha.nd picking 

of the garnet rich fractions were done for X ray analysis. The original 

light frac·t.ion, material with SG2.8, consists mainly of qua.rtz, calcite,

feldspars, micas, fragments of both calcareous and siliceous organic remains

a.nd some rock fragTnents. Al though this is found in heavy fractions as well,

a detailed investiga:tion of this material has not been made.



;fra.nz fraction re su1 t. 

Notation 

(after Hutton, (1952) 

( 1) POR'r ELLIO'r

11. 

p = 

a = 

C = 

tr =

(51 =

predominant > 6o%

abundant 20-6o%

common 5-20%

trace < 5%

rare 

ll'erromagnetics = magnetite, ti tani.ferous haematite 

0.25A Magnetics = garnet (p), opaques (a), staurolite with opaque 

inclusions (tr), zircon (r), spinel (r), 

tourmaline (r). 

0�50A Magnetics = garnet (a), opaques (a), (leucoxen.i.zed ilmenite, 

haematite), staurolite (tr), quartz (tr), spinel 

(r), rnonazite (r), pyroxene (r). 

O. 75A f/I,9.gnetics = staurolite (a), garnet (a), opaques (c), sphene, 

spinel, monazite (tr), rutile (r), zircon (r), 

hornblende (r). 

1.0A Magnetics = monazite (a), tourmaline (c), sta1.U1olite ( tr), 

spinel ( tr) , garnet ( tr) , zircon ( tr) , ru tile ( tr) , 

kyanite (r), opaques (c). 

1./+A l'fagnetics = opaques (leucoxene) (p), rutile (a), stauroli te ( tr) -'

spinel ( tr), calcite and foraminifera test ( tr), 

sillimanite (tr), zircon (tr), tourmaline (tr), 

kyanite (r). 

1.4A Norunagnetics 
Me I Heavy = rutile ( a) , zircon (p) , kyani te ( c) , s tauroli te ( tr) ) 

Me I Light 

monaz:L te (r), leucoxene (r), quartz rare. 

= quartz (a), calcite (a), foraminifera (c), feldspar 

(c), kyanite (c), andalusite (tr), sillimanite (r), 

leucoxene (tr). 
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(II) MASLIN DIGACH

Ferromagnetics - magnetite (a), titaniferous haematite (a).

0.25A Magnetics - opaques (haematite, ilmenite) (p), garnet (a),

amphibole (tr).

0.50A Magnetics - opaques (ilmenite, haematite) (p), garnet (a),

staurolite ( tr) , spinel (r) , monazi te (r) . 

0. 751\. Magnetic13 - stam�oli te (p), opaques (a), limoni te, ilmenite,

haematite , garnet (a), spinel ( tr), sphene ( tr),

epidote ( tr) , monazi te ( tr) , zircon ( tr) ,

rutile (tr), kyanite (r), andalusite (r).

1.0A Magnetics - monazite (c), tourmaline (c), spinel (c), opaques

(leucoxene) (p), epidote (tr), zircon (tr),

rutile ( tr), kyanite (r), silliman.i. te (r).

1 .41,l Magnetics - rutile (a), zircon (a), spinel (c), opaques

(leucoxene and rutile) (c), tournm.line ( tr),

monazite (tr), calcite (tr), quartz (tr),

epidote (r) , stauroli te (r) , kyani te ( tr),

andalusi te ( tr) , sillirne.ni te (r) .

1./4Jl Nomaagnetics 
Me I Heavy - zircon (p), rutile (a), leucoxene (tr), kyanite

Me I Light 

(r), andalusite (tr), tremolite (tr).

- kyanite (a), andalusite (a), calcite (c), quartz

(c), feldspar (c), leucoxene (c), rutile (tr),

zircon (tr), sillimanite (r).

( 1) Mineralog�y of the Heavy Minerals

(1) Amphihole Group

At least one member of the ruuphibole group is present in the

sands studied. The amphiboles recognized are tremolite-

actinoli te and hornblende, bot,h of' which have been der:t.ved from

a metamorphic envirorunent. In general the frequency of amphiboles

present in the sand appears to be greater along the southern coast.
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( i) Tremoli te - ftC tinoli te

Members of this group are rarer than hornblende and occ1,,u� as

very pale green coloured ragged fragments with moderate

pleochroism.

Pleocbroisrn recognized was X = pale green, Z = dm:·ker green.

(ii) Horqple_r.ig§.

Green hornblende in the form of elongated platy cleava,ge

flaJces with frayed ends were recognized. 'l'he se ·were

usually 70-90 microns in size. Pleochroism was moderate to

strong, with maximum absorption in the direction para_llel to 

Z. The colour scheme cornrnonly observed was X = pBJ.e green,

Y = green, Z = deep green, where Z Y X. Inclusions were

often present and consisted 1n,.2inly of quartz,, feldspar and

opaques.

(2) Andalusite

Andalusite grains are very variable in form ranging from rounded

to irregular, subangular grains. :er:Lsmatic grains are also

found although irregular subangular types are the most common types

encountered. 'l'he grains are generally colourless w:Lth an

occasional 11pinkish 11 tinge. Inclusions of carbonaceous matter

(graphite) with other opaques are comrnon. Quartz, m:i.ca and gas

bubbles are rarer inclLlsions. Sometimes the rn.:i .. nereJ. appears

clouded due to dust inclusions or alteration to sericite or

kaolini te. Andalu.si te along with fellow members, kyan.i. te and

sillim.ani te of the polymorphous A.12Si
2

0 5 fBJm.ly are prominent

constituents of se;nple 23.

(3) gpidote Group

)l:pidote and clinozoisi te are grou:ped together owing to the

difficuJ. ty in distinguishing between them. Clinozois:L te-epidote

were present in most samples examined
_, 

but occurred with greater

frequcmcy along the Routhern coast. Irregular angular grains

are common, varying in colour from colourless to pale greenish

yellow. Pleochroism was weaJc and restricted to the larger

grains. Y = green yellow, Z = colourless, X = pBJ.e yellow

y ) z ) x.
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Inclusions of opaques and dL:tst-like clouds of material are present 

in grains examined. 

(4) Garnet

Garnet has been recognized in every concentrate examined to date

and often constitutes up to 50/b of the mineralogy. 'rhe mineral

form rangef:I from occasional small rhombic dodecahdrons to well-

rounded forms and to very angular fragments. The angu1ar fragments 

exhibit typical conchoida.l and sub-conchoida1 fractures. 

'l'ria.ngula.r etch pitting and grooving was occasionally e:xhibi ted. 

On some anguJ.ar fragments, with a slight negative relief, 

rectangular patterning is developed. This pattern does not appear 

to be a crystal growth as there is no tendency to develop the 

typi,cal crystal forms of garnet. The very sharp faces and angles, 

as contrasted with the abraded shapes of associated grains suggests 

that it is an authigenic effect. Bramlette (1929) reports 

similar observations and conducted experiments etching crushed 

garnet with hydrofluoric acid. He noted that after severaJ. days 

of treatment an etch-patterned surface, similar to that found in 

natural grains, resuJ.tod. The acidic or alkaline conditions 

needed in nature to produce this effect are not known. 

From the loco.lities studied a distinct, though not a wide 

range of colours was noted. 'l'he grains are translucent to 

transparent, with colour ranging from light pink to red-orange. 

'11his colour var:Lation is probably due to variation in chemical 

composition. X ray and refractive index work was done on light 

pink and red orange garnets that were separated. It was found 

that when the results were plotted on a pyrope-spessarti te-aJ:mandi te 

diagram (after Sriramadas 1957), three fields occurred. The light 

pink garnets fell into a field which had a composition ranging 

from alnmndlne (55-65) pyrope (5) spessartite (35-L1D). The red­

orange garnets fell into two fields. One field has a. composition 

ranging from almandine (85-90), pyrope (10-15) and spessartite (0-5) 

while the other ranges from almandine (50-60), pyrope (0-8) 

spessarti te (35-45). More detailed chemic1:-u and physical work 

shouJ.d be done to elucidate these [sa.rnet compositions more 

accurately. 
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Light, pinJ:""' garnets 

Sample 1 Saxnple 2 

Cell-size 11.53 11.54 

H. I. Range 1 • 765-1 • 794 

Sample 1 

Gell-size 11. 52 

R.I. 1.817 

Smnple 2 

11.57 

1.81-1.82 

Garnet free from inclusions are uncommon. The inclusions are 

usually arranged haphazardly, with an occasional specimen showing 

evidence that distribution of the inclusions have been influenced 

by crystallographic properties. In some crystals inclusions were 

more densely aggregated in the central areas. Inclusions could not 

a,lways be identified accurately, but quartz, abundant solid black 

iron oxides and feldspar were noted. 

(5) Kyanite

Kyanite varies greatly in physical characteristics, the commonest

type being the elongated subangular to subrounded prismatic (100)

grains. On these grains the (001) cleavage is at right angles to

the grain length and an (010) cleavage parallels the prisrn margins.

Short, stwnpy, well rounded grains also occur. On the (100)

grains good interference fi611-u•es were obtained. 'rhese were biaxiaJ.

nega,tive with a 2V in the vicinity of 80 - 85°. JGxtinction was

oblique with Z ,. C = 28 - 30°. Grains flattened paxallel to the

(010) gave straight extinction. Colour exhibited was colourless

with a faint tinge of blue, altering to a brown aJ.ong the cleavage

and cracks in the grains. M'l,ny of the grains showed colourless

borders with blue centres. Pleochroic grains were rare and when

present pleochroisrn was very weal<. The pleochroic scheme observed

was X = colourless, Y = light blue, Z = darker blue. A variety of

inclusions were found. Opaque matGriaJ. consisting of iron oxides

and carbonaceous matter was most c01mnon, with some eas bubbles,

fluid filled vacuoles and dust suspensions. 10.teration was

eviden·t a-long the (001) cleavage and cracks pa.rallel to it.
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(6) Micas

l{icas are not usually well represented in mineral assemblages on

exposed oceanic beaches, but bioti te and rnuscovi te are recognizable

in most sand samples on the southern coast. Here granites and a

well developed metamorphic terrain provide a good source for the

mica in the beach sands.

(i) Biotite

Thif:J mineral occurred as ragged brown-black flakes, but with 

some grains remnant hexagonDl outlines were evident.

Inclusions of quartz, zircon and rut:Lle were noted with

pleochroic ha-los surrounding a .few zircon crystal inclusions.

Host of the grains seen were non-pleochroic due to the tendency

of the grains to lie on their perfect (001) cleavage. Some

alteration to chloritic matter was visible,.

(ii) Muscovite

The muscovites seen were platy with sub-r01mded outlines. '£he 

cleavage plates (001) gave good interference figures. '£he 

figures exhibited were biaxially negative with a 2V in the 

order of 38 - 40°. The biregringence was low, with blue grey 

interference colours of the first ordero 

(7) Monazite

The cer1wn rare earth phosphate rnonazi te occurs as slightly abraded

egg-shaped to well-rounded grains. These well rounded grains fail

to exhibit easily recognizable interference figures and thus are

interpreted to be abraded (100) tablets. Well rounded crystals 

were found in very few of the slides exam1ned. '.rhe size of the 

monazites examined was usually less than 85 microns. The colour 

ranged from a clouded yellow to light yellow. Pleochroism was 

slight and was restricted to the thicker grains. 1rhe colour scheme 

noted was Y::::: dark yellow, X = light yellow, �=greenish yellow. 

Hany inclusions were noted, but all could not be successfully 

diagnosed. G-as filled inclusions were the most common. Opaque 

dust, strnupy euhedra of zircon, rutile, quartz and feldspar were 

also identified. 1\. good monazi te concentrate ca,n be obtained 

from the beaches examined on the li'ranz at 1.0 ampere current with 

a 20° slope and 15° tilt. 



(8) Opaques

ttinerals identified were magnetite, ilmenite, leLlcoxene, haematite,

limonite and rutile. Identification of minero_ls that are opaque

to lieht at 100 rnJcrons diameter is no easy matter. f3uch nw,terial

may be briquetted in bakelite, polished and diagnosed in reflected

light using reflectivity, hardness and microchemical tests. This

method has been used partly- where Franz fractions were briquetted

and exaJnined. Unfortunately when the investigator has a large

nmriber of samples to examine the number of polished briquettes to be

made in a limited time is prohibitive. Identification instead,

especially in grain counting was based on grain morphology and to an

extent appearance under incident light from the removable microscope

lamp. Ilmenite wol.Lld occupy 15-20�; of the total opaques, opaque

rutile about 10-15%, haematite, ma,gnetite and. others 70�:, of the total,

(i) IlmeriJ. t�Jk'l,�.nlatit,e and magnetite

'l'he donLi.nant opaque is hs,ematite or titan:i.ferous haematite which

is not a true ilmenite. Ilmenite and haemHti te occur as

rolled, well rounded grains, angular frag1nents nnd euhedra ..

In many instances anhedral graJ.ns of the three minerals could

not be differentiated by- visual means alone. A small

concentrate of magnetite (and some martite?) cou-1d be collected

by using a weal< litagnet leaving ilmenite and baerna.t:L te behind.

Crystal form is rarely preserved in beach sands. Ilmenite

usua,lly has squat tabulaT cry~stals with the development of

a prominent basal plane (0001) and rhornbohedro:ns (1011).

In beach sands, grains range from re11mn1;1nts of basoJ. planes and

rhombohedrons to more anhed:cal grains with a hackly fracture.

l·.iagneti te too shows a wide ranee of grain shapes, but

occasionally characteristic octahedrons are present. '.l'hese 

are usually highly a,braded when present. Oonchoida.l fractures 

and a shining metallic lustre were more noticeable in mac-neti te 

than ilmen.i. te. It has been stated by a variety of writers 

(Kerr, HLlner) that ilmenite has a stell-grey lustre with a 

distinct purple sheen, but this property was observed in 

rnagneti te too. In addition to the purple irridescence mo,gneti te 

can appear dull and rusty due to a fine coa,t:lng of red bro\-m 



oyJ.de. 'l'his feature will only occur if the grains aro not in a 

state of constant motion. Some of the grains are 111artit:Lsed 

along the octahedral cleavage directions of the magnetite. 

J�xsolut:Lon effects were conunon in both haemat:L te and 

magnetite. Hhi te exsolution lamellae of haematite occurred in 

the ( 111) planes of the ma,gneti te. :rnxsolution inter[_;rowths of 

ilmenite lmnellae occurred too, in the ( 111) planes of some grey 

magnetite, which was largely oxidized to white haematite. 

(ii) Altered.Ilmenite

.Altered ilmenite has been studied by many writers. (Dailey 1956,

Diadchenko 1960, Kharkanovala 1959, Lynd 1960, Overholt 1950,

\'felch 1958, 1964). Huch conjecture has arisen over the

weathering products of ilmenite and it is now generally accepted

that leucoxene is not a true mineral species. The name is

convenient to retain for describing ilmenite alteration products

formed during subaerial weathering.

It now seems likely that the most common com·se followed by the

process of ilmenite decomposition is that described in the

following stages -

( 1) Initial distortion and breakdown of the ilrnenite

crysta,1 lattice.

(2) 0:dcla:tion of iron and the formation of hydrous,

amorphous iron and titanium compounds.

(3) Leaching of iron in a low pH emrironment.

(/4,) Hecrystallization forming haematite and rutile. 

(5) Further leaching of hydrated iron oxides and

haernati te leaving recrystallized r1:rl;ile. 

Leucoxenization is a progressive procesfJ proceeding from grain 

botmdaries inwards to the grain centre. Uarely does a grain 

consist of only one of the recognizable sta,ges of the process. 

Bailey ( 1956, Welch 1964) advocate the naJne ilmeno-leucoxene, to 

describe grains which have a core of ilmenite surrounded by 

alteration products leaving the name leucoxene re:3tricted to 

grains in which ilmenite is no longer detectable. 

The \T.ci ter recognized all four stages of leucoxenizat.ion 

first described by Bailey (1956). These are 
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(1) Ilmenite altered to patch and stringers. Alteration

accompanied by decrease in anisotropism and reduction in

the pla.ne of polarization.

(2) Isotropic and apparently hydrated amorphous iron and

ti tarri. urn oxide.

(3) Drown orange leucoxene consifiting of hydrous iron oxidef'J

a.ncl possibly hydrous ti to.nima dioxide and ha.ernatite.

Ui-) \'Jhite leucoxene consisting of rutile and hydrated '1'i02•

Bailey a.lso showed that there is a decrease in general rno.l_;netic 

susceptibility as loucoxenization occurp,. '.rhis has been 

observed in Franz fractions taJrnn at a 20° slope and 15° tilt 

setting with current in .25 ;:rn1pere intervDJ.s. The general 

trend obGerved with a sample from Maslin Beach was a.s follows:-

e:morphous state • 10 .25 ampere fractions 

brown-orange leucoxene .25 .75 ampere fractions 

white leucoxene .75 1.25 ampere fra.ctions 

Thus a.s the amperage increased the degree a11d amount of 

leucoxenized product increased. 

(1.1.:1-) Lirnoni to 

\foll rounded grainf; of cracked cJark-brown limonite with some 

haematite remants with in tl10 lirnonite were visible. 'r11e 

limomte was orange-brown in �ceflected light and iRotropic. 

'l'he se gr aim: were extremely cloudy and very ragged in appearance. 

Gleavar:;e was prominent. Due to the cloudiness and inclunions 

identification was difficuJ.t, but orthopyroxene and clinopyx·o:xene 

Here both dif:d:.inguJ.shable. 

(i) Ortho_pyroxe:n,El,

'fhese were ragged, cloudy pleochroic grains, bia.xially

ne1:;atlve with a high 2V in the order of 70 75° . 'l1he grains 

exhibit greon to yellow-green colours with a straight 

extinction. Inclusions of rounded or irreguJ.arly shaped 

ilmenite, titaniferous haemeJ,ite or ma.gnetite occm· in the 

pyroxene. '.L1ho orthopyroxene could be a hypersthene. 

(ii) .QkiJ1Q1,yroxene

'.P.hese grains again were ragged in appearance. 'l'he grains
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exhibited an inclined extinction, but a typical. clinopyroxene 

biaxial. positive :fie;m:-e could not be obtained. Pl.eochroism 

observed Has a dark green to a brmrn green. D:Lopside could be the 

mineral sped.013 present. 

( 10) Huttle

Hutile is a constant rninor constituent never rising above /4 .• 5;:i.

Rutile c;rain morphology is variable ranginc; from stumpy, prismatic

crystals with rounded edges to broken e.nhedral grains. In grains

where abrasion was less evident, long striations parallel t.o the

pr:i.sm edges occurred. Colour exhibited in the typicoJ. prismatic

crystals were either a golden yellow to red-brown diclr!'oisrn, with

absorptton in a few cases, being intense in the direction parD_llel

to the c-axis, or golden yellow to yellow-brown for the orclinary

a.nd extraordinary ray, with. little difference in absorption in the

two ray directions. The grains varied from beine; translucent to 

opaque. The opaque e;rains can still be recognized as rutile due to 

either the prei:ience of striations, red internal colours or their 

admnantine to brilliant, metallic lustre. A few rutiles exmnined 

exhibited genicuJ.ate twins. 

(11) Sillimanite

GiJ.limani te is present in trace o;momYlis. It is more co1ru1ion in the

south coast lJoach sands where it is present as flattened fibres with

a tendency to show s11litting. Cw.0ved 15rains are present. Often

in kyanite solid inclusions may be arranged in a felt-like Gwarrn,

e;:Lvi:ng the habit and optical properties corresponding to .sillirnan.it,e.

( 12) Sphe:ne

Sphene comwon1y occux·s as irregularly sha.ped to sub-rounded grains.

Colom� exhibited was yellow green. Pleochroisrn f:een was X ::::

colom�less, Y = green5.sh yellow, li paler yellow. Grain relief

was high with grain extinction absent and interference figures

difficult to obtain. 

very diffj_cul t.

( 13) Sp:Lnel

Positive identification of this mineral was

Spinel grains are eeneraJ.ly very well rounded. /Jometirnes an 

octahedrDJ. form was present. Under crossed nicols the grains are 

isotropic. Two types of spinel appear to be present. This 
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division has been based on colom", magnetic susceptibi 

abundance along the coast. 

Colour 
flusceoti bili t;y: 

A .75 1 .O a:rirps Emerald green South Coast 

13 1.0 1.25arnps Light pale blue \·Jest Coast. 

II}ven though their abundance may vaFy both are found together. 

'1'he Colom' varia,tion may be due to substitution of more iron in the 

spinel lattice. 

r1'he da,rk emerald green species may be the miner8l hercyni te. 

Inclusions are rare aJ.though acicular rods may occur. 

( 14) Stauroli te

Stauroli te crm be as high as 7'/o of a sa:mplo. Although very

variable in appea,ra,nce most of the grains a.re anhedral and

irregular in shape, with a pronounced rough surface due to an

abundance of solid inclusions. Hell formed crystals a:re rarely 

present. Stam0oli te shape in beach sands is largely determined 

by the (010) cleavage. Conchoidal fracturing is well exhibited 

in the more angular and irregular grains. 

The grains are translucent to opaque with colom� varying 

from yellow to yellow-brown in the opaque grains. In the rarer 

transparent varieties the colour is a deeper reddish brown. 'I'he 

clearer grains show strong pleochroism, (:X:::: pale yellow, 

Y = yellow, Z = yellow-brown orange) ancl exhibit stroJ.1:;ht extinction. 

Inclusions are common. Often there is a synurietrical 

arrangement of particles parallel to a cleava.ge direction or 

crystallographic axis. The nature of the inclusions vary 

considerably. quartz, rutile, iron oxides and carbonaceous 

rnateriaJ. and occasionally gas bubbles were observed. 

( 15) Tourmaline

'l'ourmaline is abundant in the south coa,st and occupies 5.25,[ of

sarnple 33. It is rather cornJilon as well rounded grains, but is 

more frequently euhec1ral in nature. Five main types of detri tal 

tourmaline were described by Krynine (1946), as having 

characteristics enabling them to be traced back to their primary 

source rocks or to ea:rlior formed sed:Lmentso 'l'he se are: -
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( 1) Granitic tourmaline

(2) Peginatitic tourmaline

(3) Totmllaline from peQ11atized, injected meta:morphic terranes

(L�) Authigenic tourmaline 

(5) Well rounded gTains of tourmaline reworked from older

sediments.

'l'o1u·ma.lines noted in the various samples examined e:x:_hibi t a variety 

of pleochroic colour schemes reflectine variations in composition 

and source. Probably granitic, pegma ti tic, authigenic and 

reworked tourmalines may be identified. 

Pleochroic schemes recoenizable where Z) X 

brown 

g;reen, yellow green 

deep pink 

blue 

black 

black 

;yellow 

po.le brown 
grey bravm 

l�robably tourrnal ine
ty-ge 

Hg-]'e dravi te 

dravite-elbaite with 
some li'e substitution 

pale pink, colourles::i lvlg schorlite 

mauve, lavender Na-Hg dravite 

brmm li'e schorlite 

blue-black J.i'e schorlite 

J!leochroism eYhlbited was usually strong with light coloured 

varieties giving complete absorption of the ordinary rti.y. 

No cleavage is nhown. 

extinction. 

l1'uhedral prismatic forms ga,ve straight 

Inclusions are common. Those exhibited are opaque particle 

(haemat:i.te and carbonaceous matter), gas vacuoles, granular 

particles of quartz, muscovite, magnetite, zircon and dust-like 

clouds of particles. .�fome grains appear to have their inclusions 

crystallographically orientated. 

:6oning and authigenic growths are rare. :6oning and authigenic 

growths occur in the pale pink and pale blue varieties. It is 

usually noticed because of variations in colour schemes, refractive 

indices and relief along the contacts of the zones. The trend of 

the zones or growths are pa,rallel to the externa1 shape of the 

crystals, but sometimes the growths are developed more strongly at 

ei i;her end of the c-a:x:Ls of prismatic crystals. 
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(16) Zircon

Zircon was found to occupy up to 22% of the heavy mineral. fraction

in the samples examined. From counting data it app0ars that Zircon

is much more o.bunclant on the west coast. 'l'he zircons observed

were extremely variable in rnorpholog,y. Grains ro.ngecl from well

rounded, ovoid and elongate species, to angular, fractured pieces

and cleavage. '11he angular and less rounded grains are much larger

than the rounded varieties. Crystal form re.nged from long to

stmnpy prisms and bipyramicls. Grains less than 80 microns usually

exhibit perfect euhedral form.

Zircon ranges in colour from water clear to yellow in common

varieties to rose pink, mauve, clouded white, brown and orange.

'£ho colourless varieties have a brilliant lustre in contrast to

abraded grains which have a frosty appearance. Smaller yellow

crysta_ls were found to exhibit zoning. Generally the zones were

fa.int variations of the same colour. Angular fragments exhibited

double colours, with the fragment being white or clear at the

centre and yellow near the outside.

Inclusions were numerous varyine; in shape, orientation,' 
composition and colour. The common forms of inclusions observed

are -

( i) Randorrtly orienta tecl dark reel needle-like ma ter:lal.

This could be rutile.

(ii) Thread-like and gas-filled channels.

(iii) (}uartz bleb and crystals of zircon, monazite and opaques.

'rl1e opaques are probably haernati te, rutile and ilmenite.

(iv) Inclusions within inclusions. A monazite inclusion with

a possible zircon within it, was noted.

(v) Orientated elongate rutile grains pB.rallel to the c-axis.

(vi) Dust suspensions which may give some grains a clouded

a.ppearance .

.Some length: breadth ratios on grains were taken. These were 

as f'ollows:-
(i) 1 = 1 = usually white abraded r;rains

B
(ii) L 2. 

Ii :1: 1 these are large colourless prisms or single 
elongate, wht.te to yellow crystals. 

(in) � may be as high as t with small elongate crystals. 



'l'hree varieties of zircon were recognized. 

hyacinth and malcon. 

(i) !Largoon

'rhese were jarc;oon, 

This is the colourless, to pale pink variety and is predominant.

(ii) Jjyacin-l;J.1

Hyacinth occurs in trace amotmts and is a transparent rose­

pink to purple variety.

(iii) Malcon

H:.:1.lcon is a rare metaxnict, brovm coloured variety occurring in

the sasnples examined.

Variations in Mineralogy 

A study of the distribution of the mineral species along the 

coastline revealed the following (See li'ig. 4) 

( 1) Go,rnet, zircon and opaques are the dominant minercil

species in all saxnples examined.

(2) Garnet, tourrnaJ_ine, staurolite appear to be more

abundant on the southern coastline.

(3) Honazite, rutile, zircon and opaques are more

abundant on the western coastline.

This variation in abundance is a reflection of provenance of the 

heavy mineralogy. 



TABLE 2 QUANTITATIVE DETERMINATION OF PERCENTAGES Ol!, VARIOUS HEAVY MINERALS IN BACK BEACH SAMPLES 

SAMPLE NUMBER 

MililERAL l 2 4 6 7 9 10 18 19 20 21 22 24 28 33 

OPAQUES 21;5 26.,0 26.0 32.,0 3605 46"0 50.0 76.5 42.2 29.,7 28o5 21.0 25.,8 15.,4 34o7 

GARNET 50;5 20.,5 47.,5 27.0 25.5 9.5 10.0 18 ,.1 27.7 44.,5 42.,5 19o5 2108 56.,1 24 

ZIRCON 1�5 21 .. 1 14.0 21 .. 0 22.0 13.0 19.,5 3.,3 �6 2., 6 10.0 8,,0 3,,4 609 9o5 

RUTILE 2.5 2.0 4"5 1.,5 3,,5 2 .. 5 4.0 .,75 1., 1 1.3 2.5 2.5 loO 2.5 4o25 

STAUROLITE };5 1.,0 2.0 2., 0 2 .. 0 1 .,0 tr .4 1 .. 1 3.9 2.0 1.0 3.,0 6 .. 6 4.,5 

MONAZITE 1.0 3.0 1.0 2.5 1.5 2.0 2.,5 .. 2 .25 .26 0.5 0,5 0,;7 Oo45 1.,75 

'l'OURMA.LINE 2.0 1 .,0 1.0 0.5 1 .. 0 2 .,0 1.0 tr 5.1 2 .,1 1.5 2o5 3.,4 3o2 5.,25 

OTHER REA VY J\.ITNERALS 7.5 4.5 Oo5 lo5 1.5 5.,0 7.,0 1.7 3.4 4.,5 4o0 lloO 11.2 408 2o25 

OTHER LIGHT MINERALS 2,.0 11.5 4.,5 12., 5 6.,0 6.o 18.,0 tr 17ol s .. 5 7 .. 0 33o0 22ol 4.0 15.,5 

NB ., lo Other Heavy Mineral.Ii illc. a.mphibole, pyroxene, mica., andalusite, kyanite, sillimani te, spinel, apatite, epidote 
rock fragments .. 

2. Other Light Minera'.kf :i)ac. calcite, ironstained fora.minifera tests, quartz, feldspar

·�

• 
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·
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The primary source of aJ.l heavy mineral accrunulations are igneous 

rocks, especially the more acid plutonic and the basic volcanics which 

almost invariably contain as accessory minerals, zircon, rutile, rnonazite, 

tourmaline, ilmenite, magnetite and garnet. A secondary source of heavy 

minerals are sedimentary and metamorphic rocks. 1'hese may h9,ve a low 

percentage, heavy mineral fraction that may be concentrated dtu·ing 

subsequent erosion and deposition. 

The heavy rnineral assemblages of the beaches are no doubt largely 

derived from inland areas and locally from submarine outcrop, cliff 

faces and shore platforms. Most of the heavy mineral constituents have 

passed through the fluvia,tile placer stage, durine; some period of 

geological time and have been redistributed by floods to be CD,rried out to 

sea and locally reconcentrated under rnarine conditions. 'rhe more durable 

and rounded grains, such as zircon, rutile and tourmaline, have passed 

through a nmnber of cycles of erosion, transportion and deposition. 

Since their initiaJ. release from primary igneous source rocks they have 

been incorport=.1,ted into progre;Jsively yotmger arenaceous sediments. 

Huch of the heavy mineralization on the beaches represents the end 

product of a complex cycle of erosion, the uJ.timate primo.ry source being 

the Precrunhria.n rocks of the inlierr1 ( see Fig. 3) . The most inllnedio.te 

som1ce of the 111ineralogy on the Western Fleurieu PeninsuJ.a coastline if! 

the basal Tertiary, Horth Maslin 8a,nd For111ation which outcrops at 

the coast in the no:cthern parts of the Noarlunga and Hillunga Basins. 

The Gouthern Fleurieu Peninsula coastline rnineraJ.ogy is a reflection of 

the extensive Cambria.n metamorphic terrain, which is developed both 

inland and a.long the coastline, and the granitic rocks of gncounter BD:y. 

Present day contributions to both coastlines also come from the 

extensive Perrnian glacials, developed in the Myponga, Yankillila, 

Hindmarsh and Imnan Valleys, and the Precarnbrian inliers and their cover 

rocks. The Precambrian inliers appear to have a greater influence on 

the mineri1J.ogy of the western than southern coastlines. This influence 

is via the interrnediate source, the basal 'l'ertiary Sands, and the present 

Consequently monazite, rutile, zircon and opaques, 

which occur abundantly in acidic igneous rocks and metarnorpM.cs in the 

inliers, are more prominent on the western coastline. (/3ee appendix 2 for 
detD.ilecl mineralogy of stratigraphy) . 
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Figure 3 Heavy mineral cycle Western Fleurieu Peninsula o
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5., CONCLUSIONS 

The mechanical analysis shows that there is a difference in grain

size, sorting and skewness between back beach samples taken along the

western and southern coastlines of the Ii'leurieu Peninsula. The

so1J.thern saraples appear to be finer in erain size, better sorted and

·less skei.•red.. 'l'his is probably a reflection of s1ightly different

conditions in the transportational and deposi tLonaJ. environment.

Further detailed sarnplinz is needed to show if variations e;dst within

the respective coastlines.

'l'he study of the mineralogy has shown that the predominant 

constituents are garnet., opaques and zircon. Hutile, toun1ia1ine, 

staurolite, monazi te, spinel, amphibole, kyani te, amlalusite, 

sillimanite, pyroxene and mica occur in lesser amounts. The variation 

in mineral species along the coastline reflects provenance. The 

western co1;tstline mineraJ.ogy is derived either directly from the 

Precrnnbrian inliers or via an intermediate source, the basal 'l'ertiary 

sand formations. 'rhe southern coastline mineralogy is principally 

a reflection of the Cambrian metamorphic terrain. 
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1. Monazite (m). concentrate from 1.0 ampere Franz fraction showing variable
grain morphology and inclusions. Photo Xl25

2. Large tourmaline (t), zircon (z) and spinel (sp) grains. Note the
randomly orientated needle-like rutile inclusions in the brown
tourmaline. The spinel is a light blue variety exhibiting an octahedral
form. Photo Xl25



3. Staurolite (s) and opaques (o)
t 

.75 ampere Franz concentrate. Some
light pink coloured garnets (g)• occur as well. Note the irregularity 
of shape of the staurolite and the abundance of inclusions. In one 
grain they ap�ar to be orientated parallel to a cleavage directione 

4e Zircon ( z).1 and rutile (r). 
metamict zircon. 

Photo 35X 

Note the yellow, euhedral, zoned 
Photo 125X 



5o Tourmaline (t), andalusite (a), spinel (s). Note the roundness and 
variable colours (brown, green, mauve) of the tourmalines. 

Photo X35

60 Garnet (g) and opaques (o). The garnet show variation in colour 
(light pink to dark orange red), shape and amount of inclusions. 

Rhoto x35.



7. Kyanite viewed under polarized light. Note the inclusions
orientated in the (001). cleavage direction. Photo 125x.



P:LA.TE. l 

l a, b, c, d,, a;, .. g,. i Zircons 125X of variable 
morphology. 

Zircon i is a zoned metamict filled with numerous opaques. 

f, h subrounded to rounded staurolites 12-5X filled with 
iron oxides. 

j Angular clear garnet 125x .,



Zircon and rutile concentrate 
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la 
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�LATE 1 



PLATE 2 

Grains. l a-c Monazite 125X 

Yellow rounded egg-shaped (100) grains. Note the dusty 
opaque inclusions. 

Grain 21. Andalusit� 

Typical irregular, near prismatic grains with opaque 
inclusions. 

Grain 3 a,b K.yanite 125X 

Pale blue (100) prismatic grains with opaque inclusions. 

Grain 42 Staurolite 35X

Typical subangular staurolite highly filled with iron 
oxideso 
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APPJENDIX 1 • 

1\.UC:U.:SSOHY l•1INJi:RALt:l IN 'l'Im LI'l'TL:U: GORGE: 
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11:xtensive pegmatization occurs in the Archean - Lower Proterozoic 

rocks at llzy-ponga, Yankalilla and Mt. Compass. It is probable that many 

pegrnatites lie unexposed beneath glacial debris or hidden in the fern 

under t'>rrowth. 

and xenotime. 

'l'he veins carry ilrneni te, rutile, rnonazi te, tourmaline 

The most well known pegmati te occurs at 11 Li ttle Goree 11 in section 

219 Hundred of Yankalilla. Jack (1921) reported on the possible 

commercial value of the pegrnaUte as a source of rutile, - Grenfell 

Thomas (192/4,) gave an excellent account of its mineralogy; l,fylie (1950) 

examined the rare earth content of the rnonazite; and Howley (1954) 

mentioned the pegmati te in a review of the South Australian l1'1ines 

Department's search for radioactive mineral deposits. 

The pegmatite crops out in sea cliffs and in 11Li ttle Gorge11 at 

a height of 200 above sea level. Lenses of pegrnatite 1 to 5 feet wide 

occur in schists and gneisses for '70 feet a,1ong the sea cliff. On the 

slope facing 11Li ttle Gorge11 the oµ.tcrop extends for 200 feet. 'l'he 

width of the body on thio slope is variable. 'rhe pegrnati te dips 40
° 

south-east and strikes 60° north east, being approximately conformable 

with the foliation of the host metamorphic rocks. '£he pegrnati te is 

a medium to coarse gTained felspathic rock containing a considerable 

amount of cracked bluish quartz. There is a tendency for graphic 

intergrowths of the quartz and feldspar to develop. Overall colour of 

the rock is cremn to buff. Plates of greenish-br01m bioti te are developed 

on the mare;ins of the pegmati te veini3. In finer parts of this biotlte rich 

zone rntile, monazito and tourmaline are developed as accessory minerals., 

( a) ill!'.J,'IL:U:

In the :band specimen (68 F-2) the rutile is ty-pically massive and 

shattered with little development of crystal form. Cleavage is 

interrupted by rough fractures. Colom� varies from dark red to grey 

with an overall irridescent tarnish. Under the microscope the 

rutile is opaque and has a submetallic lustre. 'l'he grains are 

fractured. Cleavage is well shown and twinning is present. Strong 

anisotropism and internal reflections are evident. The anisotropism 

va,ries from light grey to dark brownish r;:,rey, internal reflections 

being yellow-brovm red. Ilmenite is common as inclusions and 
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vein.lets travers:Lng cracks in the rut:Ue. 

aggrega,tes following clee,vage cracks. 

It also occurs as dui rty 

Honazite can be rnistaken for rutile when weathered but on a 

freshly slabbed surface the differences are immediately apparent. The 

monazite is massive and aJ_ though cracked there is no tendency for 

granular aggregation. The colom· ranges from light reddish brovm, 

pink brown to a deeper chocolate brown material which has sharply 

defined boundaries. 'l'he miner1:Ll is opaque, brittle and has a variable 

hard11ess, but approximates to 5 on the Moh scale of hardness. Orange-

brown veins traverse the monazite in an irregular network. In parts 

the veins are radial in nature. 11.lso present are white to yeJJ.ow 

brown alteration pa.tches. li'ew monazite crystals have eul1edral 

outlines. 'l'he crystals present exhibit the fo.bular monoclinic 

synuuetry characteristic of monazite .. 

'rhe monazi te has been anolysed for the rare earth content a 

number of times. (See Table 1 & 2). All anaJ:yses reveal that the 

monazite is of unusual composition. A high thoria content is 

prominent. Samples analysed ranged from 8% 'l'h o
2 

(prospectors

sa1nple of the South .Australian 11[:i.nes Department), 10.7% Th o
2

(Grenfell Thomas 1923) to 19.4% Th o
2 

(Hylie 1950). '£he thoria

content is abnormally high when compared to other Australian monaz:Ltes, 

which contain betueen 5-71/i Th o
2

.
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Ana.lY..mof _11I.d.:ttle Gorge 11 Monazi te 
(after Grenfell 'l'horn_M__-192.l).
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'l'ho high thoria (Th o2) content of the monazi te is responsible for the

marked radio-activity of the mineral which may be demonstrated by its 

effects on a Geiger-Muller counter and a photographic plate. A polished 

face of the m:LnertJ1. was left on a photographic plate undisturbed in a light 

free box in a photographic dark room for a week. 11. radiograph of the 

mineral taken with the aid of its own natural radiation results when the 

film is processed. 'l'he radiograph shows irregularly distributed patches 

of higher radio-activity (See plate 1). These patches were found to 

correspond approximately to the chocolate-brown patches of the mineral. 

(See plate 2). However petrological examination revealed very little 

differences in optical properties except for a slight birefringence 

difference in the two coloured areas. 

Grenfell '.l.'homas I s analysis ( Table 1) indicate that there is a

relatively high percentage of uncornbined water. 'l'his is tmusu::il, for 

monazite is normally one of the anhydrous phosphate group. This high 

percentage suggests that al. tera,t:Lon of the ntlnera�l has talrnn place. 

The autoradiograph and microscopic structure of the thorium mineral 

suggests that the change imrolved hydration of the rare earth bases 

with sirmil taneous leaching of phosphoric acid. 

X-ray diffraction showed little differences between the altered spots,

normal rnonrtzi te and alteration veins. Some electron probe work ma;-'{ 

elucidate the compositional differences. 

ll'.liorodl? scr:i:ption {Slide. 68:r.� - . 1) 

Large fractm:ed t;rains of rnonc1.zi te and rutile set in a matrix of green­

brm-m mica. folia e,1.d cracked anhedral quartz and feldspar gra.ins. 

Feldspar 

r2uartz 

Biotite 

llut:Lle 

lionazite 

1Ubi te and orthoclase - fractured grains 1=:1howing 

strain structures. 

Cracked anhedral grains, varia,ble size - largest 

up to 6nun 

UnusuaJ. mica, fine aggregate with small rutile 

inclusions. Light brown to grey-green in colour. 

Reddish brown to yellow in colour, fracttu·ed gi1ains. 

fle.nges from col01u·less to yellow brown, traversed in 

all dir·ections by an irregular network of light brO\m 

u,l tered material.. Hefra,ctive index and b:Lre-

fringence is high. '1'he mineral is optically 
continuous and shows no strain shadows under crossed 
nicols. 
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Hu.tile is massive. Does not form distinct crystn.ls. Fractured 

cleavage is interrupted and fri:wturine; is rough. Golou:r varies from 

dc1.rk red to grey. Iridescent tarnish. 

Microd�sc_:i;:Jption ( 681!7 - 2) Brique,tte 

Cleavage well shown, twinned. Grains fractured. 

strongly v,nisotropic from light grey to dark brown grey. 

Colour varies 

Utrong internal 

reflections, yellow brovm-red. Ilmenite is a cormnon inclusion as small 

veins following clea;v,9,ge and may be of seconcla.ry origin. 

l'iiicroclGscriptio1LL68:IL�-:::_l) 

Hu.tile similar to 68i-2. l 1ionazite is also present. Polarized 

light shows compositional differences. Grey to maroon-grey at the edges. 



Jack, H. Lockhart (1931) 

Thomas, R. Grenfell ( 1924) 

Howley, H. G. (1954) 

l'Tylie, t\. '.l. ( 1950) 

neport on a Hutile DopoGit in Section 

219, Ilundrecl. of Yankalilla. 

Dept. of 11ines, �Jouth il.ust. j,Jin. Hev. 5L�

pp 99-100. 

A 1-ionazi te - Dearing Pegmatite near 

N ormanville. Trans. Hoy. Sac. Sth. 

Aust. 1+8• pp 258-268 

Ground l'ro8pect:Lng for Uranium in the 

Yankalilla area. Dept. of 1.Jine s, [3th. 

Acwt. 1--li.n. Hev. IOI. 

pp 61-62 

Composition of some .l\ustralian Hona,zi tes 

Aust •• Tour. App. /:::c. VI 

pp 16/+-172 



PLA.TE l ... AUTORADIOGRAPH OF MONAZITE 



Plate 2 Lj. ttle Gor•ge Monazi te., Note the dark spots have 
a higher thorium content than the lighter background 
monazi te,. .Autoradiograph data shows a dif'f'erence 
in radioactivity. 
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'.rhe most strikinc; feature of the l111eur1eLt Peninsuln. is the 

Mt. Lofty Hanges Hhich extends in a continuotw arc like succession 

of ridges to Gape Jervis. These ridges re,rely rise to more than 

1,500 1 above the bordering plains, but their slopes are often steep
., 

and 

the wide expanse of flat e;round which flanks them both to the west and 

east, throw into sharp relief their marginal scarps. The ranges rise 

abruptly from the Gulf 8t. Vincent sub-basins in the west and from the 

l•iurray Basin in the east. This elongated arc marks the site of portion 

of the lkl.elaide Geosyncline which existed from Late PreOe:mbrian to 

l!}arly Palaeozoic times. Sediments in tb.is geosyncline were folded and 

uplifted in early Palaeozoic times to give rise to the Mt. Lofty Ila.nges. 

'l'his range has been planed down and partially btwiecl under beds of Permian 

e,nd Tertiary age. 'rhe preFJent relief is due to later tectonic stref:lr1es 

mostly of Late Tertiary and quaternary age which caur3ed some doming and 

blocking. Hej uvenation by different1al ero[�ion of Permian gle,cieJ. 

depr·essions has also contr:i.buted to the relief. 

GIE0I,0GICAL 8UC:Gl�.S8I0N 

'l'he co11es of the regional anticlines nwy be clir rbinguished from 

north to south afl the Grafeni - illdgate Inlier and the Mt. Compass -

Yankalil1a Inlier. They consi8t of a complex suite of mete;morphic rocks 

wnong which the most common types are mica schists, banded. gneifis, augen 

gneiss, stressed granite gneiFJses a.nd rnigTnatites. 'J:he FJchists compr:i..se 

CJUc'lrtz-ser:Lci te, quartz-chlori te, pla.gioclase-quartz,-sertci te and pyr:L tic 

vvx-ioties with ,subordinate bands of kyanite and sillimarLi.te schists. 

11ocrystallized original argillaceous snndstones appear to have 

produced well bedded gneisses corn.posed of quartz, mica, feldspar and 

chlorite w1 th occasiorvLl e.;rains of tourmaline, zircon and 8.patite. 

of the gneisses are garnet and sillimanite bea,ring. 

l/iany 

Gran:Ltoid rocks are most conunorLly fotmd as lonticuJ.ar bodies invading the 

metr:wedirnento o They are often kaolinized and vary from pog,natitic 8.lbitic 

leucogranites to D, norr1wJ. potD.s;cdc granites. Microdiod.tes occur as sills 

or clykefJ of limited extent. ']:ho 111ore comwon o,nd characteristic rocks of 
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in1iers are the so called epidote ::wexLtte of early ,w:ckers. 'l'bose may 
be recognized e0,sily :Ln the field by their unum.w.l appenrc:,,nce. They a.re 
dark g-reen to light pink and. form conspicuous outcrops owing to their 
rei3iwt.1::i.nce to weatherinc; a.nd erosion • 'l'hoy are well exporJed in the 

.l0t. CoH1pa,ss - Yanlrnlilla. Inlier where they vary from an epidote-boD.ring 
gne:Lsr1 to an albite-amphibole-pyroxene gneiss with qu.artz, hornblende, 
biotite, zircon, sphene o.nd rutile as accessory constituents. Similar 

rocks are lo.rgely :cepresented in the Houghton-Ba.rossa Inlier north o:f the 

aren under review. These rocks were thoroughly investigated by Spry 

( 1951) • The I1c1me lfoue;hton 11Diorite, 11 given to the rocks by Benson ( 1909) 

is still retained by some authors, but it is now considered they a.re 
metasorna:t,ic rather than rna.gma.tic in origin. 

Iron forn1ations cU'e a�L8o a co:mrnon feature of these in1iers. 
rich rno.terial from theGe cores contributed to younger Gediment of 
'.rorrensian, 1-larinonn, and Cambrian ages. vlhitten ( 1966) discusses 

Iron 

deposits at l'foon Hill and J-fl:,. ,Ta.c;ged in the 1'it. Compasr:i - Yanlrn,lilla 
Inlier. 'l'he 1-it. J·a[med clepor1it consists of' rna8i:Jive haematite in 
veins striking acrosf-J the rnetasediments. The haematite is coarHe 
grained, with well developed twirn1ing and numerous exsolution blebs and 
larnellae of ru'Gile. An [tVera;:;e a8say o:f the ore i8 6/4 .. 97-; Fe with 6% 

At Boon Hill tho ore i[l a coarse gro,ined magnetite in quartz-
feldspo,r-rnica schists. 'l'he rnae;neti te i8 rnctrtizcd c1.l1r1ost completely along 
(111) clenrage direction. The ore is often cut by veins o:f earthy
and colloOforrn c;oethi te. ,'.hmples range from 33 .3% li'e to 67 .6';{, Ii'e with
16,; ·"o i?.ci �J·o conte11t • ;a U ,e t+J ;u . _ 

2 
.,, ,J 0 

l�de_l..,7j.dean ( Ui]per . Pro;tero zoic)

rtockfl of Adelaideo.n age overlie unconformably the Archaean-Lower 
}'roterozic basement. In dealing with the i1.de18.idean succession it is 
convenient to make a distinction between tho normal urnneta:rnorphosed facies and 
locaJ. metmnorphic fac:Les of the western and eastern portionG respectively 
of the Fleur:Leu Peninsula. 'l'he type area for the Ade1a:Ldea.n :Ls in the 
footbillG surrounding the city of Adelaide. 'l'ho beds are the normal 
urrmetamorphosed f 11.cies and have been grouped into Torrens:LEJ.n, Sturt.ian 
and uarinoan. Hocks of HLUom•a,n age a.re not evident in this area and 

the sequence begins with the Torrensian characte1;:Lzed, by bn.sal grits, 
sands and rnagnesian deposits. 'Ehen comes the Sturtian, a sandy 
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argilJ.aceous sequence Hi th thick interbedrJ of til.litef.J. 'fi1e succession 

ends with the i,urinoa.n macked by characteristic red bed cfovelopment. 

Norn1al U.nrnetamorphosed Facies: 

(n) Torrsinsiq.n

'fi1e succession begins with coarse-bedded cc;;rJts and conglomerates

(1\.1�:te Uand.stone) containing ,-iell rounded quartz and qLlartzite

pebbles with heavy mineral la:rninae. 'l'his basal formation varies from.

a few fc�et to 3,0001 in thickness resting unconfornw.bly on the Archae/3.n 

bar:iement at 13. number of locB.li ties. 1:he sandstone is overlain by

:=iJ,terne.tinG; slates, q1w.rtz,ites (0top1f.ell - Ht. Loft I) a':-f-,i?:ite) and

dolomites (fg.starnbul, 11on:tacute and Beaumont Dolomites) which grade

into m.agnesites.

(b) 8turtian

11. major clima.tlc chan{:';e brought about a long period of Glaciation 

and sediments were laicl down by glac:i.al a.nd fluvio2;1acial agencies.

In the type area the /Jturtian begins with a rrroup of slates and

quartzi tos (Belair GrQlU2) which includes the hi tchaJn fJu.13,rtzi t�.

These are conformably overla,in by an alternation of boulder tilli tes

( Sturt Til li te) and fluvioglacial beds. The 'l'apley Hill SLitel:).,

blue calcareous well laminated slates succeed conforrnably the tillitic

beds. At their top blue to buff in colour a.nd partly oolitic

ifi developed the Dri1?hton Limestone.

( C) l�D.I'ill..Q,lill

This succession overlies the Sturtian conformably and cousists of a

monotonous alternation of pm�ple, {!,rey or greenish shales, slates

and siltstones with subordinate sandy and dolomitic intercalations.

H.eddish tints are due to the presence of small amounts of ferric

oxide. 'l'he J 1ln,rinoan is conformably topped by a sand formation, often 

c:coss bedded and ferrLlginous which has been adopted by convention as 

the bo.se of the Cambrian (Mawson 1938). 

J:ietarnorphic ]racies o_f .U::a;:itern Mt. Loft;y Ranges. 

Compared with the area occupied by the normal unaltered beds of the 

Adelaidean the meta;norphic equivalent in the eastern portion of the Mt. Lofty 

RanGeS have a vast exterrt. The boundary with the basement is overturned 

and the basal grits are extremely sheared especia,lly in the Ya.nkalilla area. 

The rock types in the grit grade from a haernatite-quartzi te containing 11d.nor 



mica to banded feldspt:i.r quartz-mica gneiss containing acessory haematite. 

Shaly members of the Adelaidean g1:we rise to quartz-mica-shists and spotted 

and knotted schists. 1'hese are locally albitized and contain numerous 

talc and pegmatite bodies, especially in the Gmneracha area. '1'he calcare01w 

and magnesian beds of the r,eries are represented by marbles ha.vine; a coarse 

crystalline structure and containing non carbonate materiaJ., viz. 

,klacclesfielrl l11i:1.rble ('I'orrensian), �arble (= Brighton Limo stone of 

SturMan age). lfa.rly shales and calcareous sandstones have been changed to 

epidote hornsfels and caJ.c-silicate rocks of vc1.rying mineraloglcsl 

composition . 

.Qa:mbrian. 

Again it is convenient to maJce the distinetion between the essentially 

mrmetamorphosed shelf facies of the \t1estern Mt. Lofty Ranges and the 

metamorphosed flysch facies of the South-eastern a.nd J�astern M:t. Lofty H.ange. 

\tlestern lvl-t,. �. 

Tbe Cambrian unconforrnably overlies the MD,rinoan and begins with the 

arkosic Mt. 'l'errible J!'ormation. Above this lies a sequence of argillaceous 

limestones, fossiliferous limestone, limey shales, phosphatic shales and 

greywa,cke . In ascending order of time the formations represented are the 

\·langkQ.,nda Lime::itone,, �Sellick Hill Limestone, Fork •rree Lime§tone, 

Ile8.th<3JZ.<.lale Shal.e and the O The sediments were 

deposited in a stable shelf environment. 

In early Cambrian local uplift and .folding, initiated a period of 

subsidence along the southern and eastern portions of the lilt. Lofty H.anges. 

Under tectonically unstable conditions a great thickness of l"lysch fa,cies 

sediments accumulated. 'l'he sequence begins with phosphatic sla.tes and 

rna,rble horizons which grade :i.nto greywa.cke. The phosphatic shales appear 

to be equivalent to the Heatherdale Uhs!Je. and the overlying greY(mcke to the 

GarrickaJ.
.,,
t,nc;a He1:,1£L ]'orma;t,fon of the \fostern Ht. Lofty Hanges. 'I'hese beds 

pass into the .!S.s2J.1YJantoo G-!'OUI:l,. This group begins with cross-bedded 

arkoses which in many places have been called the Imnan Hill Formation. 

Above this is the Brt1kunga Formatio_n which includes at its base the Nairne 

Py;r-ite Member. This formation consists dom:i.nantly of greY(•mcke schists 

and phylli tes w:L th pyrit,ic and ea.le-silicate lenses. Orogenic rnovernents 

terminated sedimentation in late Cambrian or early Ordovician. During 



the orogenic phase zonal metamorphism occu;r.red and reached anda.lusite grade 

of the aJnphibolite facies. 

ernplaced at Victor Harbour 

Accompanying the meta:inor·phism g:r.a.nites were 

iit. 1�lliot, i✓iurray Br:i.dge, Tailem Bends, 

Jv[o:narto and Palmer. 'l'hese granites are not all of an ie;neous origin. 

Perrnian. 

Deposits representing this time include glacial sediments which 

outcrop at Hallet Gove, Mt. Compass, HindJuarsh - Inman Valleys and in the 

Cape Jervis area. These outcrops represent patchy remnants of moraines 

and fluvioglacial deposits. Clay and sand interspersed with pebbles and 

boulders form the bulk of moraines. V e1.rved bedfl are inter stratified or 

overlie them. J!'luvioglacial sands and gravels are common although there is 

difficu.lty in sepnra.t:Lng them from deposits which infilled the elacial 

basins in post elacial times .. 

�-
Sedimentation occurred in the St. Vincent Basin irnd Viurrey Ba.sin 

on tho flanks of the Mt. Lofty Ranges during this time. In the Mt. Lofty 

Hanges sediments are found a,s marginal outliers only, mar kine local 

embayments of the sea in the old land mass. Sedimentation in the l'/'illunga 

and Noarlunga, Sub - Basins of the lo.rger St. Vincent Basin, will only be 

considered as tho 8.renaceous sediments here affect the distrlbu tion of the 

heavy mineralization in present day boach sand on the ·western coast of the 

:Fleurieu Peninsula. Tho Noarlunga and Hillunga Sul.rb.•1s:Lns are separated 

from each other by an [1,nticlinal core of lvla.rinoan rocks. The '.l'ert;iar;y-

sequence of these basins are revealed in ,coastal cliff sections. 

'fho oldest strata are Mid l�ocene terrestial sands wbich overlie the 

weathered basement rock with pronounced unconformity. These sands extend 

from the central and northern portion of the vlillunga. Basin into the 

Noe.rlunga Basin. In their southern-most occurrence in the \'!illunga 

Dasin they have been described as the NorUL..kio.�. 'rhese are 

variable in no.ture, ferruginous and crossbedded with angular quartz grains of 

varying size, grading to dark, carbonaceous lignH,ic ss,nds. Coarse 

ba,sal conglomerates occur locally. Those basal terrestial and dol taic 

t:Jands are followed by marine glauconitic sa.nds, i.e. (Sout.h Maslin Sands) 

:Ln both basins. 'l'his is overlain by a glauconi tic shelly limestone 

(Tortachilla Liineptone), containing a rich fatma of molluscs, echinoids, 

forarnin:Lfera and bryozoa. This limestone grades Ltpwa:r.cls into the finer 



gTained Blanche Point l•'.l<;!.,r)..s_. Abundo.nt sponge spicules a.nd rnolluscan shells 

occr1r in this bed. A facies change has been observed in the Dlanch Point 

11Jarls. The marls give m•my to fossiliferous silty and sandy strata with 

locaJ. lignite interco,lations a.nd siliceous bands rich in molluscs in the 

eastern portion of the basin. The end of the Jfocene is chara.cterized by thin, 

non marine, unconformable, red and green clays and sa.nds ( Ghi11r;J,1n,an I s Gull;:z:

Beds) above the ma.r ls • 'rl1is is well exposed near the mouth of the 

Onkaparinga Itiver and in Ghinmnan 1 s Gully, north of Port Vlillunga. 

I·Iarine conditions prevailed a.r;ain in the middle 'l'ertiary 

( 01:Lgocene-l.vliocene) . ��he P.ort Hillunga, .£� overlie the non-marine 

Chinaman Is GrLlly Beds with slight disconfornd:by. 'l'hese beds consist, of 

bryozoal limestones and ca.lcarenites with intGrbeddecl glauconitic clays. 

Theh· extent is snch that they overlie the Cmnbrian slo.tes of the Hillunga

scarp, :".nd dip steeply south of thorn at Dellickr1 l3each, und rt�st on Pormia.n 

t�lacials in the 1'Jyponga and HincJ1narsh Valleys. 

Continental depoi:dts on the Mt. Lofty Ranges proper differ in facie::1, 

thickness and age. '.I'hey are usually of two t;y-pes fluvio-lacustrine bed$ and 

later:L tic residual deposits of the u:pl:Lfted surface. J!'luviolacustr:Lne 

deposits are exposed in a nw11ber of placef3 (e. g. LGchunga) o.nd consist 

essentially of strongly cross bedded gravels, sands, l1:w1inated clays and 

silts \Tith cut and fill effed;s e 'l'hey contaJ.11 s:Llicified tree truril<:8 and 

carborw.ceous rernctins with occasiono.1 loo.f impressions. '.17hey were probE;.bly 

lm.d down :i.n land of modera:be relief well cLraJ.ned by rivers, with the 

sediments filU.ng locol depresr1ions. Age is uncertain, but, they antedate 

the Oligocene-1".!iocene marine deposits of' the bordering plain. Their long 

proservat:i.on on the uplifted surface is due to ironstone cappings which 

provide evidence that these deposits were lo.teri7,ed. 

in J'locene and lasted until Pliocene times. 

Laterization began 

A pronounced stratic;raphic and diastrophic break occlU·s between the 

Miocene and Pliocene seclj.ments of the basins. The Pliocene is exposed, 

outcropping in clLff nectlonB a1ong the coast as al ternf1.tin,g; i.,rhite 8:nd 

yellow sandf,1 and fossiliferous sandy limestones. 

'I'he foss:lliferous bods contain abundant molluscs, foraminifera, echinoids, 

crab claws and bry·ozoa. The 1iil1ey· sequence passes into mottled clays and 

sands which represent a trunca,ted lateritic profile. A gradual transition 

can be observed upwards and southwards in t,he Pliocene, er.1pecially in the 



\Jillunga Dasin. 'l'his is noted at i3Gllick Hill where rnottlod sandB grade 

into coarse fanglomor;::1,tei:1 at tho foot of the Willlmga Hills. 'J:'he non-

marine sediments after the do,ted Lower to l,Jiclclle Pliocene li1nestone range 

from late Pliocene to Pleistocene. Allnvivl clays and sandy clays with 

outmwh gr1:J,Vel fans near the foot of the hills range from Pleistocene to 

H.ecent. Near the coast the top of the series is formed by Hecent (Powlr-

Pleistocene) beach deposits and underlying clays, kunkar, SEll1dfl and t:;ravols 

which cot1ld be late Pleistocene in age. 



�DABLEl 2 HEAVY MINERAL PERCENTAGES ALONG FLElURIEU PENINSUIA 
FOR BACK BEACH SAMPLES 

Sam;ele No. Percent§!:Be H.M. Location 

1. 34.0 Christies Beach 

2. 6.7 Southport Beach 

3. 2.6 North Moana (Dunes) 

4. s.7 North Moana Beach 

5. 1.8 South Moana (Dunes) 

6. 11.8 South Moa.na Beach 

7. 7.8 North Maslin Beach 

8. 8.1 North Maslin (Dunes) 

9. 4.3 South Maslin 

10. 1.9 Port Willunga Beach 

11. 8.9 Aldinga Beach 

12. 12.5 Silver Sands (Dunes) 

13. 10.9 Sellick Beach 

14. 22.0 Myponga Beach 

15. 23.0 Myponga (Dunes) 

16. 1.5 Ca.rrickal:i.nga Beach 

17. .1 Ca.rrickal:i.nga (Dunes) 

18. 33.0 Little Gorge Beach 

19. .40 Cape Jervis Beach 

20. 1.7 Fishery Beach 

21. 1.4 Tu:nkilla Beach 

22. 2.7 Waitpinga Beach 

23. 17.6 Petrel Cove 

24. .95 South Encounter Bey 

25. .21 North Encounter Bay 

26. .20 Chiton Rooks Beach 

27. .25 Chiton Rocks (Dunes) 

28. 16.1 Port Elliot Beach 

29., 22.0 Middleton Beach 

30. 3.1 East Middleton Beach 

31. 2.8 Goolwa Beach 

32. 2 .. 6 East Goolwa Beach 

33. 2.2 Murrey Mouth 



}'ffl_flPAHA'I1I0N 1\ND ([0U,r�G'l'I0N CW .SAND DAUPLE/'":.:l 

nand SBJllples were tBJrnn in dlmes and on beaches at the backshore 

mark f:r.om 9 11 to one foot holes du[; in the sand. 'Ihe bottom and half way 

up the sides of these holes were sampled. The initial large field sample 

were dried, split and quartered :Ln the laborv.tory· so that about 75 - 100 

grwns of the original sc:rn1ple was obtained. This was washed, dried 

and we:1.ghed. The sc=w1ples were now sievc3d using 30, 60, 120 and 2AO 

13.13.S. sieves. J1!ach sieve size was then weighed, converted to a 

percentage of the origirwJ. swnple and sieve loss calculated. 

The original sample was again split down to 5-10 grams. 'rhis 

smaller smnple was washed, dried and weighed too. Heavy media 

separation using brornoform or tetra,bromoethane was then car:ded out,. 

Bromoforrn was used initially and wo,s found to be loss viscou�1, hence 

filtration and sedimentation was much quicker. 'J'.hif1 factor is of 

importance when a large number of separation are to be m1dert0Jcen 

even though tetra-bromo-ethane is slightly denser. Acetone was used 

trn a washing liquid on thG heavy mineral product collected. 

Tetrabromoethane and bromoform can be recovered later from the acetone 

washings. 1l.fter washing with acetone, the sarnplc➔s are dried and 

weighed. 'l'he percentage hee,vy mineri:11 in the sample can now be 

cnlculated. A :ceprerJentative soJnple of the original heavy mineral 

sc:trnple for grain count analysis is obtained by fuTther splitting with 

a nricror1plitter. 'l'his ifl then rnmmted in B,raldite for grain counting. 



f> nov JI:Nil.NC It;

1JtUIWY liINII:llL\LU J:i'Olfl'ifD IN HOCK/3 OJ!' VAHIOU/;; AGI::S. 

(1) Archaean - Lower.I'roterozoic

(I) Gneisses, and schists

(··1) L 

'l'ourmaline, zircon, c1,ncl apatite occur occasiomJ,lly but

gRrne·b, sillimani te and kynnit,e are more prominexrb.

Granitoid rocks

Z:i.rcon and ilmenite are present.

(III) :i�pidote gneiss ( "Houghton Diorite 11 Hock 'lype)

Hornblende, epidote, ilmenite, haematite, sphene, zircon

and rutile are accessory constituents.

(IV) Iron :u'ormation

Mc'l,rtized magnet:i.te, and titaniferous haematite occur.

(V) Pegmatites

Widespread pegmatize:t;:lon occurs in the inliers. 1i typical

example and most well known of thene pegrnati tes is at Little

Gorge, Normanvtlle. A clet11iled dencription of the Little

Gorge Pogmati te occm1s in the appendix I.

ln the pegJ11atites rutile, tourmaline (dravite-schorlite),

monazite and ilmenite occur.

(2) Adelaidean J.llill)fil'};'roterozo:Lc)

a. Hestern Mt. Lofty fla,nges Non l'!Ietfrmorphic li'acies

'l'orrensian

(1) B�SJJJ.Gri tfL.lAldgg_te. Sandstone)

Hills in hfa analyflis reports that opaques consistj.ng of

titaniferous lrn,enw,tite and ilrnenite occupy 20% of the heav-y

rnineraJ.s by weight. On the basis of frequency arn,dysis the non

opaques are zircon, 12;!b, rnonazi te 27b, garnet 2;G, pyroxene 2% and 

rutile 1.5%. Similar results were obtained. by the writer from

aneJ.ysis of the so.ndstone froro Yankalilla.

(ii) fl.:l&uy,fell - 1-'l:-t,. Lg_.f.t.Y._:�uart�i,k

Heath (1960) in his detailed study of the Stony.fell quartzite

reported 15 heavy m:LneraJ. species. Of the species observed zircon 

occu:pies 60%, gc1,rnet 151�, tourmaline ( 13 varieties) 25% and rutile 

(.3 variettes) tii. Others species occurring are haematite, ilmenite, 

leucoxene, limoni t,e, magnetite, rnonazite, pyrite, sphene, spinel, 

topa.z o.ncl andalusi te. 



No heavy mineral ane.lysis have been macle on arenaceous members of the 

sequence. It is highly probable that resistant minerah3 such as 

zircon and garnet wo uld be rno,j or constituents of the heo,vy fra.ction of 

the J:-iitchnm riuartzi te. 

'l'he colour of this red bed sequence :i.s due to the high iron oxide 

content. Under reflected light abundant opaque iron oxide minera-ls 

can be seen. Hed bed material from Ifallet I s Cove, Sellick Hill and 

Delrnnere have an opaque rninercll content of 2. 5 % of the rock. 

Drotherton ( 1967) has shown the m:LneraJ.s present are martized 

magnetite, some ilmenite, limoni te. 

b. l�astern Ht. Lofty Hanges Metamorphic li'acies.

A saJnple of '.forrensian basal grit from Normanville was found to

consist mainly of titaniferous haematite (predomina,nt), i1n1enite

(common), zircon, pyrite (trace), [J;cu0net, rut:Ue and monazite (rare).

A wide variety of accessory minerals occur in the metamorphics, 

many of these are purely metarnorphic in origin. j.-Jany authors in 

their description of the petrolo&.'Y of the area mention the 

following minerals occuring in various rock types: 

(i) 11 Granite11 
- zircon, magnetite, apatite. 

(ii) Gneisses and schists - zircon, magnetite, tour111aline, rutile,

apatite, garnet, epidote, hornblende, zoisite.

(u.1.) Pegme.tites - beryl, rutile, tourmaline and iron oxides. 

In the peli tic rocks at Delernere, I,eslie ( 1962) noted obvious 

idiomorphic magnetite and other opaques. Brotherton (1967) 

described the opaques as magnetite, martite, haematite, ilmenite 

and lencoxene. 

a. \Iostern Mt. Lofty H.anges Non Hetamorphic IPac:les.

Arenaceous beds such as the CarrickeJ.in[;a Head Greywacke are

1°eported by Abele and :McGowran ( 1958) to contain epidote, muscovi te

and opariues.

b. :iTiastern r,fotmnorphic li'acies of the Mt. Lofty HangesQ 

(i) In groywacko mica schists, quartzitos, cak-silicates, phyllites

and siltstones of the Kanmantoo Group, a variety of origineJ.



accesr;ory 111:Lnerals are preserved, besides minerals of purely 

metamorphic origin. 

accessory minerals. 

'.fourmaline, rutile and zircon are originol 

:Jtaurulite, andalusite, sphene, kyanite, 

apatite, sillirnanite, pyrite, rnci,gneti te and garnet are common 

conr1ti tuents of the schists. Offler ( 1960) in a determination of 

the cornposi tion of e;arnet from Strathalbyn area. reports that t,m 

specimens approximate to a composition of almandlne 75, spessartit,e 

1.4., pyrope 5, andradite 3, grossuJ.ar 3. 

(:Li) '.l'ourmaline, ru:l;ile and sphene are the common accesFJories in 

pegrnat:L tes with apatite, garnet, monazite, zircon, ferberite and 

molybdenite being rarer species. 

( . ' . ) ].J.J. Granites are well developed being either igneous in origin or a 

product of granitization. Granites developed are the Palmer 

Granite, Jionarto Granite, 1-.iurray Bridge Granite a.nd the Victor 

Harbour - Port IUliot Granite. 

(a) Palmer Granite - llatUgan and lJegener ( 1950, 1958) report

ilmenite, sphene, magnetite and apatire as accessories in the

granite. 

hornblcmde.

J.i'ander ( 1963) also adds epidote, zircon o.nd

( b) lbthj en Gneiss - Ilmenite, leucoxene, sphene, apatit,e and

zircon occur a8 accessories (Hattigan and Viegner 1950, 1958) .

.'Jee table.

( c) donarto Grn,ni te, ll'ander ( 1963) reports zircon, monazi te,

apatite, l!l8,gnet:i. te, marti te and zircon occur as accessories.

(d) l"Im0rny BridGe Granite - f'etrographic cl1aracteristics have been

discussed by Kleeman (19.3Li-), J'olms and Kruger (1949) and an

accessory study by l11ander ( 1963). Acces8ories include

fluorite, magnetite drcon, sphene, apatite, chalcopyrite,

ilmenite and monazite.

(e) Victor Harbour Granite - Primary accessories reported in the

v1:u�ious phases of the gram te by l1li.lnes ( 1967), are apatite,

zircon, ilmenite and rutile. Detailed work on the accessories 

by li'ander (1963) adds to this list pyrite, gold, molybdenwn, 

rnonazite, sphene, epidote, garnet, ::-1taurolite and pyrrohotite. 



'rhe r1eavy fraction of the tLll a.nd fluvioglaci1:1.ls occupy up to 

11/i; with the dominant heavy mineral being ga.rnet. ,See table. 

( 5) rl1ertiar.1[

Heavy minerals are well developed in the basol Jtocene sand 

formation, the North 1-'iaslin ,':iands. Opaques predominent but other 

minerals SLlCh as zircon, [:;arnet, sillirnani te, kyanite, andalusite, 

rnonazito, staurolite and spinel are well represented. Pyrite and 

pyrohoti te are the most ablmdant of the opo,ques with ilmen.i te, 

haenmtite, limoni te and magnetite occurring to a lesser extent. 

'l'he South Maslin ,SEJ,nd, the overlying forFm,tion has a heavy 

mineral suit0 which is rnainly limonite with some other opaque 

mineral spocier1, zircon, 13arnet, glaucon:U,e and m:Lc11. 

Pliocene su.nds represented by the Hollot Is Uove tkmdstone 

have a heavy Jn:l.noro,l content 1rhich is dominated by opaques consisting 

of haemt1,t.ite, rn1;1,gneti te, 1:i.monite cJ,nd i]:ineni te. :L;ircon, garnet, 

spinel, rnica,, pyrite and staurol:i.te occm� :Ln lesser wnourrts. 



ANALYSIS OF TILL (Courtesy of S.A. Dept. of Mines). 

Light fraction 

Heavy fraction 

Minerals of light fraction 

g_uartz 

feldspar 

clay 

rock fragments 

Grain size (Diam., mms.) 

Minerals of heavy fraction 

zircon 

rutile 

tourmaline 

garnet 

staurolite 

hornblende 

muscovite 

biotite 

hydrornica 

kyani te 

opaques 

99.,2 

.8 

90 

10 

.22 - .37 

1.. 7 

2.0 

9.8 

70.,0 

5.2 

1 ., 0 

.5 

9 .. 8 

A. Till west of Sugarloaf, Hallets Cove.

98.9 

1.1 

65 

20 

15 

.15 - . l+5 

B ., Fluviogalcial south of Sugarloaf, Hallets Cove.



Coastal Sedimentation PMto..sraphs. 



CHRISTIE 1S BEA.CH 

(a) Looking south toward Christie 1 s Beach proper showing flat
bedded heavy mineral laminae in the beach., Profile was
cut by the creek here in flood.

(b) Back beach and dune profile cut by Christie 1 s creek.

(c) Close up of profile showing types of bedding.
See Plate for detailed examination.





CERISTIEPS BEACH 

(a) & (b) Mixture of herring bone and flat bedded heavy mineral
laminae. At this spot there is an interaction 
between back beach and stream environments. The 
herring boned laminae are inclined upstream. The 
trough sets are a product of the large scale turbulence 
in upper flow regime of this ephemeral stream. The 
flat bedding is characteristic of the back beach 
environment produced under less turbulent conditions 
but still of the upper flow regime. 

(c) Section of the flat bedding in detail.



\C) 



SOUTHPORT BEACH 

(a) Large scale cross bedding with heavy mineral laminae
in coastal dunes. Note the coastal dunes appear to
overlie a back beach deposit. This is evidence by
the flat bedding at the base of the photo.

(b) Close up of cross bedding. Pen in 3 inches.
Individual heavy mineral banding ranges from a
pencil streak to a half an inch in thickness.,

(c) Close up of flat bedding typical of the upper flow
regime on a back beach.





PLA.TE 

MOANA BEACH 

(a) View from vegetated coastal dunes showing heavy mineral
concentrated by wind action on the dunes, and a heavy
mineral sheet on the cobbly back beach.

(b) View looking south from the other side of Pedlar's Creek
after the creek level has dropped. Note again the
thick heavy mineral sheet on the back beach and the
sharply eroded coastal dunes.

(c) Close examination of bedding in the back beach accentuated
by the heavy mineralization. Overall bedding flat
typical of the upper flow regime. Some slump disturbed
bedding is visible. This is a reflection of a
fluctuating water table.





MOANA BEACH. 

(a) Moana Beach looking south to Ochre Point with red
heavy mineral sand on the beach. Coastal dunes_
on the left.. Beach near the water line is composed,
of rounded,quartz pebble., The beach as a, whole has
a typical steep winter profile,. 

(b) and (c) Solid heij,vy mineral sheet,. flattly bedded
typical of the upper flow regime. The transverse
section has been cut by Pedler 1 s Creek in Winter 
flood.. The stick is approximately 3 feet long. 



IC.) 



MASLIN BAY 

(a) Top of cliffs, looking south over Maslin Bay. In the
background is Blanche Point with a heavy mineral sheet
in the centre of the bay. Bennet 1 s creek in the foreground
is in flood.

(b) Top of the cliffs looking north towards Ochre Point and the
sand quarry where the North Maslin Sand is exposed. The
cliff in the foreground is composed of the South Maslin Sand.

(c) Bennett Creek showing truncated coastal dunes and por·liion
of the wave cut platform in the South Maslin Sand.





(b) 

(o) 

Little Gorge Beach looking across Ya.nkallila Bay. The 
hills in the background are composed of limestone and 
greywaok.e of Cambrian .Age. The foreground is a waveout 
platform composed of titaniferous sandstone and grits 
of Torrens ian JAge. 

Section of the Yankallila Inlier, with pegmatite lenses 
(white) exposed in seacliffs at Little Gorge, Normanville. 

Mouth of the Yankallila River in winter showing a steep 
winter sandy beach and coastal dunes. Across Yankallila 
Bay is the Lower Proterozoic Inlier (darkened area). 
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Outwash deposits; sands and cloys locally with piedmont boulder beds, 

usually capped by kunkarised surface. Marine shell beds east of Meningie. 

Laterised deposits and ferruginised sands and gravels, of uplifted plateau 
areas. Mottled sands, clays of western coastal regions, underlain by 
HALLETT COVE SANDSTONE: marine sands, sandy limestones. NORWEST 
BEND FORMATION: marine sandy limestone of Murray River area. 
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PORT WILLUNGA· BEDS: marine sandy limestones and clays in western 
coastal areas. MANNUM FORMATION: sandy limestones, gritty at base 
where transgressive in eastern areas. 
ETTRICK MARLS. glouconitic marls. 

BLANCHE POINT MARLS: gastropod marls, underlain by TORTACHILLA 

LIMESTONE: glauconitic limestone. 
SOUTH MASLIN SANDS: marine limonitic sands underlain by NORTH 
MASLIN SANDS: cross-bedded sands and grovels, local loteritic 
developments. 

Glacial and fluvioglacial deposits: cross-bedded silts and sands with 
boulders, green cloys. Marine sholes ond mudstones neor Second Valley. 
Possibly including reworked deposits of younger age. 

CAMBRIAN SUCCESSION EAST AND SOUTH OF ARCHAEAN ANTICLINAL CORES 
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BRUKUNGA FORMATION: interbedded phyllites and greywacke with 
lenticular pyritic and colc-sil icate lenses. 
BROWN HILL GREYWACKE MEMBER . 
Pyritic phyllite ond low grade schist, in port carbonaceous, including 
NAIRNE PYRITE MEMBER. 
INMAN HILL FORMATION: coarse-grained impure arkose, locally crass­
bedded and with slump structures. Polymictic pebble beds locally towards top. 
Greywacke with siltstones and phyllitic shales; quartzites. 
Marble lens. 
Phyllitic shales and siltstones, locally pyritic, phosphatic or carbonaceous 
Marble. 
Quortzites. I Strati graphic posit ion uncertain ) 

SUCCESSION WEST OF ARCHAEAN ANTICLINAL CORES 

Chlaritic greywacke of Carrickalinga Head and Mypanga Jetty. 
HEATHERDALE SHALES: mottled and nodular carbonaceous shales 
with phosphate nodule bands, locally calcareous at base. 
FORK TREE LIMESTONE: massive and bedded calc-dolomite with 
Archaeocyatha. 
Bonded limestone, calcareous sholes and siltstones with sandstones and 
oolitic dolomite; (SELLICKS HILL LIMESTONE AND WANGKONDA 
FORMATION). Pebbly orkose at base. 

Mud-pellet rich, ripple marked quartzites ond siltstones overlain by 
purple argillites north of Mount Terrible 
Chocolate and grey siltstones and shales with greywacke and coarse siltstones. 
Phyllites east of Archoean -□nticlinal cares. 

Felspothic quartzites, tillitic grit ond grey pebbly mudstones with massive 
greywacke lenses, locally calcareous and purple. Includes MARINO ARKOSE. 
BRIGHTON LIMESTONE: oolitic limestone, flaggy limestones and dolomitic 
limestones, recurring in overlying and underlying beds. Marbles in Mt. 
Barker and Ashbourne regions. 

TAPLEY HILL SLATES: blue-grey laminated, alternating siltstones and 
slates locally phyllitic. Blue ferruginous slates at the base. 
STURT TILLITE· boulder tillite 
Quartzites and arkoses, locally pebbly with interbedded siltstones, locally 
calcareous. 
Laminated, blue - grey alternating siltstones and slates, with local orkose 
bonds, scattered pebbles in siltstone matrix; locally calcareous. Actinolitic 
slates and sericite schists east of Archoeon onticlinal cores. 
Tillite north of Second Volley. ( Stratigraphic position uncertain ). 
Calcareous occurrences. 
Felspathic, argillaceaus quartzite with purer quartzitic and arkosic bands; 
conglomerotic at base where transgressive upon Archaean. 
STONYFELL QUARTZITE in northern port of sheet. 
Dark pyritic shales, quartzitic and sandy at base. Contain reworked chert 
pebbles at base in Scott Creek r-egion. Colcoreous and fine-grained at base 
in Mt. Bold region. 
Calcareous beds with interbedded black chert bands and magnesite 
(MONT ACUTE DOLOMITE equivalent). 
Sandstone and carbonaceous shales with black chert lenses and nodules. 
Sandstones and carbonaceous slates. 
ALDGATE SANDSTONE: heavy mineral banded quartzite and orkose with 
conglomerates. 

Felspathic schists and gneisses and quartz fel_spor augen gneisses with zones 
of sericite schists. Local leucocrot,c gran,t,c units. 
Epidote gneiss and epidote metoquortzite. 

IGNEOUS ROCKS OF LOWER PALAEOZOIC AGE 

VICTOR HARBOR GRANITE, CAPE WILLOUGHBY GRANITE: porphyritic, 
coarse-grained adarnellite with large zoned felspar phenocrysts leuh:drol 
and rounded) and bluish quartz phenocrysts; local sod,c phases (alb1t1te). 

MURRAY BRIDGE GRANITE: pink, coarse-groined, granite. Smoky 
quartz phenocrysts. 

MONARTO GRANITE: light grey, fine-groined, even-groined odamellite, 
occasiono I ly gneissic. 

VEIN AND DYKE ROCKS OF VARIOUS AGES 

Diorite dykes and plugs. 

Quartz, quartz-tourmaline I B), quartz-haematite I Fe) veins . 

Pegmotite. 

ZONES OF MORE PRONOUNCED METAMORPHISM 
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MAP 2.  Geology & sample maps of 
Fleurieu Peninsula - b
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