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Summary

It was possible to reproduce the initial finding of high-grade ilmenite in a sample received
from Mineral Resources Tasmania. The ilmenite has approximately 59 wt. % TiO2, and the
TiO2 in all Ti-bearing minerals is 67 wt. % on average. The grain size is fairly coarse with a
mean median apparent grain diameter of 151 microns.

The reserves onshore are estimated to approximately 0.8 million tonnes of valuable heavy
minerals (VHM), i.e., ilmenite, leucoxene, rutile and zircon, with an average grade of 2%
VHM in the sand. Further reserves may be found offshore.

If more should be done on the King Island deposits, focus should be on the offshore poten-
tial. Further, provenance studies are of particular interest as the geographical extent of the
source area of the high-grade ilmenite in King Island is fairly small.

Yellow Rock Beach, King Island
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Introduction

Heavy mineral enriched sands were collected from the eastcoast of King Island, Australia,
during April 2002 as part of the exploration campaign by GEUS on behalf of Dupont Inc.

A sample containing high-grade ilmenite from King Island was recieved from Mineral Re-
sources Tasmania, Department of Infrastructure, Energy and Resources in 2001 (No.
2000115 in Appendix 3). As this sample was very promising, and because HH was in the
area, it was decided to conduct a very limited field programme spring 2002.

In this report the sampling sites and analytical results are described, and a summary of
previous investigations by the mining and geological consultant company Peter H. Stitt &
Associates Pty. Ltd. and Gravcon Consultancy is given.

Figure 1: Location of King Island.
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General Geology

King Island is situated in the Bass Strait between Australia and Tasmania (Fig. 1).

Rutile and zircon mining from beach sands in Sea Elephant Bay near Naracoopa (Fig. 2)
was active from 1969 to 1977, and today mining and exploration licences are held by Tas-
manian Titanium Pty Ltd. but no actual mining takes place at the moment. However, the
deposits and heavy mineral tailings from the previous production has recently been evalu-
ated for possible renewed activities by Peter H. Stitt & Associates Pty. Ltd. and Gravcon
Consultancy (Appendix 1, 2).

The basement rocks in King Island consist of roughly north-south oriented parallel bands of
rock suites (Fig. 3). Along the westcoast Precambrian granites dominates, further east it is
Precambrian metamorphic rocks and near the eastcoast Precambrian orthoquartzites and
mudstones occur. In the southeastern part of King Island Cambrian basic-intermediate vol-
canic and associated rocks are found, and intrusions of Devonian adamellite granites are
present near Grassy and north of Cowper Point. Tertiary sandstone outcrops along the
beach between Naracoopa and Cowper Point. Most of the island is covered by Pleistocene
and recent superficial sand deposits younger than 1.5 m.y.

Figure 2 : King Island.
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Figure 3: Geology of King Island.
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Heavy mineral deposits in Sea Elephant Bay

The heavy mineral-enriched sand deposits at Naracoopa occur as three distinct bodies
(Fig. 4):

Lanherne Beach (Fig. 5), the oldest and most elevated,

Milford Beach (Fig. 6), formed as a barrier along the coastal toe of Lanherne Beach, and

Sea Beach (Fig. 7), the youngest, present beach.

The deposits are believed to have formed in a three-stage process:

1) transport of heavy minerals in suspension by the Fraser River and deposition by wave
action near the old mouth of the river to form the Lanherne Beach,

2) down-cutting of the Fraser River as a result of successive regressions resulting in the
reworking of some of the initial Lanherne Beach deposits to form the higher grade Mil-
ford Beach and Sea Beach deposits,

3) reworking of earlier strand lines to produce mineralised aeolian deposits overlying
beach deposits.

Figure 4: Heavy mineral
sand deposits in Sea
Elephant Bay.
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Figure 5: Lanherne Beach.

The main minerals of economic interest are zircon, rutile and ilmenite with accessory tour-
maline, garnet, staurolite, epidote, chromite, pyrite, corundum, scheelite, cassiterite, spinel
and monazite, and most of them are considered derived from the Precambrian meta-
morphics and igneous intrusives in the river hinterlands. Chromite and ilmenite may have
been derived from gabbroic intrusions.

Figure 6: Milford Beach.
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Figure 7: Sea beach, view towards the north with Cowper Point in the distance.

Figure 8: Mouth of Fraser River near Naracoopa. View towards the west.
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Collected samples

Eight samples (KI1-KI8) were collected from the magnetic heavy mineral tailings left over
from the previous mining activity (Fig. 9, 10). Eleven samples (KI9-KI16, KI18-KI20) were
collected from in situ beach sands near Naracoopa and one sample (KI-17) from a low-
grade metamorphic mudstone near the mouth of Fraser River. Sample locations are given
in Table 1.

Sample No. Depth (cm) Sample Type Southing Easting

KI-01 0-10 Tailings sand 39°54.521’ 144°6.296’

KI-02 20-30 Tailings sand 39°54.521’ 144°6.296’
KI-03 0-10 Tailings sand 39°54.493’ 144°6.318’

KI-04 20-30 Tailings sand 39°54.514’ 144°6.351’

KI-05 0-20 Tailings sand 39°54.502’ 144°6.349’
KI-06 25-35 Tailings sand 39°54.492’ 144°6.348’

KI-07 5-15 Tailings sand 39°54.461’ 144°6.379’

KI-08 0-10 Tailings sand 39°54.478’ 144°6.391’
KI-09 20-30 Beach sand 39°54.498’ 144°6.514’

KI-10 10-20 Beach sand 39°54.498’ 144°6.514’

KI-11 0-10 Beach sand 39°54.408’ 144°6.496’
KI-12 5-15 Beach sand 39°54.412’ 144°6.482’

KI-13 15-25 Beach sand 39°53.960’ 144°6.380’

KI-14 0-10 Beach sand 39°53.960’ 144°6.380’
KI-15 0-10 Beach sand 39°53.414’ 144°6.292’

KI-16 10-20 Beach sand 39°53.642’ 144°6.322’

KI-17 Rock 39°54.838’ 144°6.690’
KI-18 0-5 Beach sand 39°54.813’ 144°6.652’

KI-19 30-40 Beach sand 39°54.794’ 144°6.644’

KI-20 10-20 Beach sand 39°54.687’ 144°6.584’

Table 1: Sample locations and sample types.
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Figure 9: Site of old titanium plant at Naracoopa with the grass-covered magnetic stock
pile tailings in the foreground.

Figure 10: Tailings sand.
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The beach sands were typically collected from c. 0.5 m deep profiles, and where possible,
individual layers were sampled. The heavy mineral contents in the beach sands decrease
with distance north of Naracoopa (Fig. 11-13).

Figure 11: Profile in Sea Beach sand near Naracoopa.

             

Figure 12: Profile in Sea Beach
sand c. 300 m north of Naracoopa.

Figure 13: Profile in Sea Beach
sand c. 1 km north of Naracoopa.

-
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Approximately one kilometre north of Naracoopa black sandstone cemented by organic
matter outcrop in the beach line. This rock is referred to as ‘coffee rock’ (Fig. 14) in local
slang (see Appendix 1). The heavy mineral contents in the beach sand are very low at this
location (Fig. 13).

Figure 14: Sandstone outcrops on the beach in Sea Elephant Bay north of Naracoopa.

A drilling and sampling project was performed in the magnetic stockpile tailings by Peter H.
Stitt & Associates Pty. Ltd. (Lee 2001), and in some cases the samples collected in con-
nection with the present project could be located with high precision relative to the location
of the drill cores. The position of sample KI-01 (Fig. 15) is 1.5 m in direction 336° from the
pole marked 450N/1840E, and sample KI-04 is located 0.5 m from the pole marked
450N/1920E.

Figure 15: Pole marking a drill site in the magnetic
tailings pile at Naracoopa, close to the position of
samples KI-01 and KI-02. The GPS monitor on top
of the pole is c. 12 cm long.

-



G E U S 14

Composition of the sand samples from King Island

The heavy mineral contents of the sand samples collected from King Island are shown in
Table 2. Sand compositions obtained from Computer Controlled Scanning Electron Micro-
probe analysis (CCSEM) are summarised in Table 3 and given in full in Appendix 3.

The data in Table 2 shows that in most cases more than 95 wt. % of the samples are in the
grain size range between 0.045 and 0.71 mm. The percentage of heavy minerals in the
0.045-0.71 mm size fraction tends to be higher in the tailings samples (KI-01 to KI-09) than
in the beach sand samples. This is the result of the sorting process that took place during
extraction of the rutile concentrate at the time of mining actvities at Naracoopa.

Sample Lab. No. Material Material % HM % HM

<  0.045 mm >  0.71 mm 0.045-0.71 mm

% of total wt. % of total wt. % of total wt.

KI-01 2000276 0.19 0.35 49.66 49.40

KI-02 2000277 0.33 0.13 47.82 47.59

KI-03 2000278 0.45 0.17 80.54 80.04

KI-04 2000279 1.17 1.57 33.64 32.72

KI-05 2000280 0.24 0.30 94.55 94.03

KI-06 2000281 0.45 0.21 98.11 97.46

KI-07 2000282 0.29 0.11 94.63 94.25

KI-08 2000283 0.18 0.15 94.38 94.06

KI-09 2000284 0.51 0.16 90.66 90.06

KI-10 2000285 0.78 1.02 45.22 44.40

KI-11 2000286 0.99 3.52 74.82 71.45

KI-12 2000287 0.47 0.12 94.50 93.94

KI-13 2000288 0.88 0.10 42.23 41.82

KI-14 2000289 0.77 0.04 8.87 8.80

KI-15 2000290 0.34 0.06 5.16 5.14

KI-16 2000291 1.36 0.13 32.88 32.39

KI-18 2000293 0.27 62.04 24.67 9.30

KI-19 2000294 0.10 1.03 50.60 50.03

KI-20 2000295 0.03 0.18 85.76 85.57

Table 2: Heavy mineral (HM) contents of collected samples. Wt.: weight. The HM
concentrates consist of grains with specific gravity higher than 2.8 g/cm3.
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Sample Ilmenite Leucoxene Rutile Chromite Garnet Staurolite Zircon Silicate Other

KI-02 28.2 4.5 7.3 2.9 15.4 6.3 12.3 16.2 6.9

KI-06 54.0 6.1 4.7 5.3 14.6 1.8 4.4 1.8 7.3

KI-08 61.7 4.6 3.8 5.4 10.4 2.0 4.8 1.8 5.5

KI-10 13.7 2.6 3.6 0.1 12.7 6.8 2.4 54.1 4.0

KI-13 12.3 3.9 3.6 0.1 12.6 1.0 1.9 59.6 5.3

KI-16 18.1 4.4 6.3 0.6 11.5 2.0 3.8 47.5 5.8

KI-19 26.7 4.8 13.2 0.9 14.8 4.9 11.7 18.2 4.8

Mean 30.7 4.4 6.1 2.2 13.1 3.5 5.9 28.5 5.7

Table 3: Weight percents of selected minerals in heavy mineral concentrate estimated by
CCSEM analysis.

Table 3 shows that the concentrations of ilmenite and chromite are higher in the tailings
samples than in the beach samples, and that the contents of silicates is higher in the beach
sands than in the tailings samples. This is also due to the mineral separation process
utilised during the rutile mining activities.

Sample Mineral TiO2 Fe2O3 MnO Cr2O3 SiO2 Al2O3 MgO CaO ZrO2

KI-02 Ilmenite 59.7 33.6 2.1 0.1 0.8 0.8 0.6 0.1 0.3

KI-06 Ilmenite 58.7 34.8 1.9 0.2 0.7 0.8 0.9 0.1 0.2

KI-08 Ilmenite 59.1 34.3 2.0 0.1 0.9 1.0 0.6 0.1 0.2

KI-10 Ilmenite 59.3 33.5 2.2 0.1 1.1 0.8 0.6 0.1 0.3

KI-13 Ilmenite 58.3 33.4 2.0 0.1 2.1 1.0 0.7 0.1 0.3

KI-16 Ilmenite 58.5 33.7 2.1 0.1 1.6 0.8 0.6 0.1 0.3

KI-19 Ilmenite 58.8 34.4 2.1 0.1 0.9 0.7 0.7 0.1 0.3

Mean Ilmenite 58.9 34.0 2.1 0.1 1.2 0.8 0.7 0.1 0.3

Table 4: Compositions of ilmenite from CCSEM analysis. Values are weight percent oxide.

The TiO2-contents of the ilmenite are 58-60 wt.% (Table 4), indicating some alteration.
Leucoxene (Table 5) contains about 73-77 wt.% TiO2, and has slightly elevated Al2O3

contents (1-2 wt. %) relative to ilmenite (≤ 1 wt.%). Leucoxene has lower MnO (c. 1 wt. %)
than ilmenite (c. 2  wt. %), and there is a vague tendency for Cr2O3 to be higher in
leucoxene  (c. 0.2  wt. %) than in ilmenite (0.1 wt. %). The Mn distribution between ilmenite
and leucoxene is most easily explained by the tendency for Mn to follow Fe in the alteration
process.
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Sample Mineral TiO2 Fe2O3 MnO Cr2O3 SiO2 Al2O3 MgO CaO ZrO2

KI-02 Leucoxene 75.7 14.9 0.8 0.3 3.3 2.2 0.2 0.2 0.3

KI-06 Leucoxene 72.8 21.8 1.0 0.1 0.9 1.5 0.1 0.1 0.2

KI-08 Leucoxene 74.5 19.4 1.3 0.2 0.8 1.8 0.2 0.1 0.2

KI-10 Leucoxene 75.2 19.0 1.0 0.2 0.6 1.4 0.3 0.3 0.2

KI-13 Leucoxene 75.7 14.5 0.8 0.2 4.3 1.6 0.4 0.3 0.3

KI-16 Leucoxene 77.2 16.2 0.9 0.1 1.5 1.3 0.3 0.3 0.4

KI-19 Leucoxene 75.0 16.3 1.1 0.3 1.3 1.5 0.3 0.3 1.1

Mean Leucoxene 75.2 17.4 1.0 0.2 1.8 1.6 0.3 0.2 0.4

Table 5: Compositions of leucoxene from CCSEM analysis. Values are weight percent
oxide.

Rutile contains 95-96 wt.% TiO2 (Table 6), which is in good agreement with the 96.9 wt.%
reported by the Gravcon Consultancy for a test rutile product manufactured from the
magnetic tailings (see Appendix 2).

Sample Mineral TiO2 Fe2O3 MnO Cr2O3 SiO2 Al2O3 MgO CaO ZrO2

KI-02 Rutile 95.2 0.9 0.1 0.2 0.6 0.4 0.1 0.1 0.3

KI-06 Rutile 95.9 0.9 0.2 0.3 0.2 0.3 0.1 0.1 0.3

KI-08 Rutile 95.7 1.0 0.1 0.2 0.5 0.5 0.1 0.1 0.3

KI-10 Rutile 95.2 1.1 0.2 0.2 0.7 0.3 0.1 0.1 0.5

KI-13 Rutile 95.0 0.9 0.1 0.2 0.8 0.4 0.1 0.1 0.4

KI-16 Rutile 94.9 1.2 0.1 0.1 0.8 0.5 0.1 0.1 0.3

KI-19 Rutile 95.7 0.9 0.1 0.2 0.5 0.3 0.1 0.1 0.4

Mean Rutile 95.4 1.0 0.1 0.2 0.6 0.4 0.1 0.1 0.4

Table 6: Compositions of rutile from CCSEM analysis. Values are weight percent oxide.

The average TiO2-contents of the Ti-bearing minerals are summarised in Table 7 along
with the median apparent grain diameter, which vary from c. 130 to c. 180 microns. The
average concentrations of TiO2 in all Ti-bearing minerals vary from 62 to 72 wt. % with a
mean value for all samples of 67.3 wt. %.
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Sample % TiO2 % TiO2 Median grain diameter

In all Ti-minerals In all Ti-minerals excl. rutile Micron

KI-02 68.4 62.2 150

KI-06 62.9 60.3 180

KI-08 62.0 60.1 150

KI-10 68.4 62.3 170

KI-13 68.3 62.4 130

KI-16 69.6 62.4 130

KI-19 71.7 61.5 150

Mean 67.3 61.6 151

Table 7: Average compositions of Ti-bearing minerals and their median apparent grain
diameter.
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Resource estimates

Lee (2001) estimated the heavy mineral suite of the Lanherne Beach Deposit to consist of
7-8% rutile and 9% zircon, where the slimes content is 4.3% and the fraction >1mm is
1.2%. The Milford Beach Deposit was estimated to have a slimes content of 2.1%, a >1mm
fraction of 0.4%, and 9-11% rutile and also 9-11% zircon. The Sea Beach is low in slimes
(1.1%), has a >1mm fraction of 1.7%, and 7-8% rutile, 6-9% zircon and 1-2% leucoxene.
Mineral resource estimates for the individual deposits are shown in Table 8. This also in-
cludes resource estimates for deposits at Cowper Point north of Naracoopa. The estimated
heavy mineral contents in the various beach deposits (Table 8) are lower than the heavy
mineral contents in samples KI-01 to KI-20 (Table 2). This is because heavy mineral en-
riched layers were sampled rather than a mixture of heavy mineral enriched layers and
silicate enriched layers.

DEPOSIT TONNES

Naracoopa Sand HM Rutile Zircon Leucoxene Ilmenite

Lanherne Beach 6,130,000 190,000 13,800 17,100 8,800 59,000

Milford Beach 324,000 37,000 3,700 3,600 750 11,000

Sea Beach 195,000 34,000 2,600 2,600 500 11,000

Sand tailings 2,960,000 227,000 11,600 12,700 8,600 70,000

HM tailings 209,000 163,000 5,700 8,900 1,500 119,000

TOTAL 9,818,000 651,000 37,400 44,900 21,150 270,000

Cowper Point

Back Beach 3,360,000 129,000 9,500 15,000 5,500 44,000

Eastern Deposit 22,400,000 574,000 35,600 43,000 33,700 195,000

Intermediate
Strandlines

4,450,000 69,000 4,100 5,200 3,500 23,000

TOTAL 30,210,000 772,000 49,200 63,200 42,700 262,000

Combined 40,028,000 1,423,000 86,600 108,100 63,850 532,000

Table 8: Mineral resource estimates, King Island. Cut-off grade 0.75% heavy mineral. Data
from Lee (2001).

In addition to the onshore deposits, there are considerable heavy mineral concentrations in
some offshore sands. Offshore samples collected by P.H. Stitt & Associates Pty. Ltd. had
heavy mineral contents varying between 0.19% and 27.9%, the highest contents obtained
from the southwestern area of Sea Elephant Bay nearest to the shoreline.

Some parts of the onshore resources are presently excluded from mining because they are
located too close to rivers and creeks, or are within the nature reserve and wildlife sanctu-
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ary in the northeastern part of King Island (Fig. 2). The most severe impact of these restric-
tions is on the resources of the Eastern Deposit at Cowper Point, where more than 50% of
the deposit is sterilised from mining.
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SYNOPSIS 

1. AIM 

To complet~ a detailed ~minatiori of the Heavy Tailings dump at Naracoopa, King Island, 

including the detennination of resources and the recovery of approximately 1 tonne of sample 

for metallurgical treatment. 

Also, to prepare a summary of the Identified heavy mineral sand resources contained within the 

Tasmanian Titanium Pty Ltd tenements on King Tsla:nd. 

2. REASON 

Tasmanian Trtanlum Pry Ltd has acquirod the King Island project and seeks to establish mining 

and processing operations to recover th·e Identified Mineral Resources. The plan is to 

commence operations by mining the Heavy Tailings and then moving into the other Naracoopa 

resources. 

It was therefore necessary to obtain more detail about the "distribution, quantity, and grade of the 

Heavy Tailings. It was also necessary to recover an approximate 1 tonne sample for 

metalJurgical investigations. 

3. SUMMARY and CONCLUSIONS 

3.1 Mining between 1969 and l 9TT resulted in the processing of J,071,5O0 toru1es of sand. 

The Magnetic Tailings, comprising mostly ilmenite and garnet with lesser quantities of 

rutile and zircon, were stockpiled adjacent to the old processing plant. 

3.2 A hand drilling programme which comprised 47 holes totalling 146.9m drilled on 9 20m by 

25m qrid was completed to determine quantities and to sample rl1e heavy tailings. 

3.3 An approximate 1 tonne metallurgical sample was recovered from 15 ofthefi.oles totalling 

5J.3Sm of drill hole length. The heavy mineral grade for this sample is calculated to be 

92.8%. 

f'fiSA IUO0l-01 DRAFT 



3.4 Samples from the heavy mineral rich interseGtion in each bole were tested to detenninc 

heavy mineral content and mineralogy 'Using the same procedures used for the 191!8 and 

l 989 investigations, 

3.5 Resource estimates for lhe Heavy Tailings were prepared using the JORC Code a guide. 

3, 6 The Heavy Tailings Re.sources, reported as Measured Resources under the Code, are: 

• Sand 209,000 tonnes 

• Heavy Mineral 163,000 1,0nnes 

• Rutile - 5,700 tonnes (2. 74% in situ) 

• Zircon 8,900 tonnes (4.26% in situ) 

• Leucoxene 1,500 tonnes (O. 74% in situ) 

The Heavy Tailings resources cover an are-a of2.9 hectares. 

3.7 As a result of the drilling to define the extent and quantity of Heavy Tailings, the quantity 

of Sand Tailings was revised to accoµnt for material previously classified as Heavy 

Tailings, but whlch has now been demonstrated to be the lower grade Sand Tailings, 

3.8 Zircon rich uiilings were intersected in drill hole 1880E, 4S0N and were subsequently 

blocked out by drilling 15 holes on a Sm by Sm grid. The zircon rich tailings arc estimated 

at 290 tonnes containing in the order of 190 tonnes of z.iroo11 rich heavy minera~ but since 

the samples collected from each h.ole comprised the foll hc-avy mineral intersection and not 

just th.e zircon interval it is not possible to accurately quantify the contained zircon, The 

zircon tailings are included into the Heavy Tailings estimates and are NOT additional to 

the Heavy Tailings, 

3.9 Tot111 resources at both Naracoopa and Cowper Point applying a 1.5% heavy mineral cut-

off are: 

• S.and = 25,000,0~ tonnes 

• Heavy Mineral Q 1,230,000 tormes 

• Rutile 74,000 tonnes 

• Zircon 92,000 tonnes 
• Leucoxene 53,000 tonnes 

• Umen:lte • 460,000 tonnes 

l'HSA lUOO 1-0 I OllAf'.f 2 



These resources have been classified. as Inaicated Resources under the JORC Code, 

excepting the I Ieavy Tailings (Measured Resources) and all i I menite (Inferred Resources). 

3. 10 Parts of the mineralised areas at Naracoopa (Lanheme Beach- Sand Tailings) and Cowper 

Point (Easlem Deposit) are either p,cnnane.ntly or temporarily sterilised from mining. 

These resources amount to: 

• Sand 
• Heavy Mineral 
• Rut:ile 
• Zircon 
• Leucoxene 

• llme.nite 

=- 10,300,000 tonnes 
327,000 tonnes 

19,J0O lonnes 
22,200 tonnes 
17,600 tonnes 

"' 110,000 connes 

3.1 I Thus the resources for whicll mining consent is presently provided and are therefore 

available for immediate mining. and from which the initial Reserves wi ll come, are: 

• Sand 

• Heavy Mineral 
• Ru~ile 
• Zircon 

• Leucoxone 
• Umenite 

4. RECOMMENDATIONS 

== 15,000,000 tonnes 
900,000 tonnes 
55,000 tonnes 

'=- 70,000 tonnes 
== 36,000 tonnes 

360,000 tonnes 

Firstly, that the programme outlined under Section 10.5 "Future Work" of this report. be 

progressively undertaken to allow the current Ident.ified Resources to be categorised as Proved 

Reserves ahead of mining. 

Secondly, 10 undertake exploration to determine if any other potentially mineable resources -exist, 

either on King Island, or in the adjacent shallow waters. 

rtlSI\ R200 HJ I URAFr 3. 
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7. GEOLOGY 
The basement rocks of King Island consist of Pre-Cambrian (older than 600 million years) 

metamorpbics, and Palaeozoic (225 to 570 million years) sediments and volcanics. Granitic 

rocks of two ages nave intruded the above sequences; Devonian (345 10 395 million years) 

p,otassic granites confined to the west coast of the island, and Carboniferous {280 to 345 million 

years) granodio.rites and adamellites confined mainly to the east coast of the island. Pleistocene 

and Recent (less t:h.an. 1.5 million years) superficial sand deposiLS, as shown on Figure 2 cover the 

majority of Lhe basement. 

At Naracoopa these superficial sand dep,osits occur as three distinctly separate bodies shown on 

Figure 3 and named: 

Lanheme Beach - the oldest and moSt elevated, 
Milford B~aeh - fonned as a barrier along the coastal toe of Lanherne Beach, 
and 
Sea Beach - the youngest and leut elevated is the present beach .. 

Addition.al to these deposits at Naracoopa are both sand and heavy tailings resulting from the 

earlier mining operations. The location of the Heavy Tailings are also shown on Figure 3, while 

the sand tailings form the southern end of the lanherne B.each shown ·on Figure 3. 

North ofNaraooopa, at Cowper Point, the deposits also shown on Figure 3 ate named: 

Back Beach - the age equivalent of Lanheme Beach, 
Intermediate Strand..Jine.s - lower elevation, younger easlem part of Back Beach, 
and 
Eastern Deposit - a you.nger strand tine sequence with aeolian sand capping. 

The heavy nlineral deposits on the east coast of King lsland arc considered to have formed by: 

• cransport of heavy minerals in suspension by the Frazer 1111d Sea Elephant Rivers and 
deposition by wave action near the (then) mouths of the rivers to fonn the Lanherne 
Beach and Ba.ck Bea.eh deposits respectively; 

• down cutting of t.he Frazer River as a result of successive lowerings of sea level 
resulti1ig in lh.e reworking of soine of lhe initial Lanberne Beach deposits to form the 
higher-grade Milford Beach and Sea Beach de.posits; 

• reworlcing of earlier strand lines to produce the aeolian deposits; which now comprise 
mineralised beach deposits overlain by minerali'ied. aeolian dunes. 

PHSA R2001.0 I DRAFT 8. 
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The main minerals of economic interest are zircon (zirconium silicate, ZrSiO..., a non-magnetic 

mineral). rutile (til:anium ox.ide, Ti02. a non-magnetic mineral) and ilmenite (iron-titanium oxide, 

Feno3, a slightly magnetic mineral). The ilmenite on eastern King Island has relatively high 

chromium content and is sometimes partially leucoxene; a lower-iron and higher titanium altered 

ilmenite. Accessory minerals include: tourmaline, garnet. and staurolite, while trace amounts of 

epidote, chromite, pyrite, corundum, scheelite, cassiterite, spinel and monazite are also present. 

All heavy minerals, with the exception of chrQmite and, to some extent, ilmenite. are betieved to 

have been . derived from Pre-Cambrian metamorphlcs and igneous incrusives which form the 

hinterland for the two river systems. Chromite and most of the ilmenite have probably been 

derived from gabbroic outcrops. 

The mineral sand deposits occurring within the ITPL holdings are described in the following 

sections and are shown ou Figure 3. 

7.J LJ01,hrme Beach!ml9sit 
The Lanheme Beach deposit was formed by strong wave action, as is evidenr by cross bedding 

and the well stratified nature of the deposit. lanbeme Beach sand, is partially iodurated with 

iron a.nd/or organic deposits, has layers of coarse sand with gravel and has a hlgher slimes 

content than other deposits (eicoept Back Beach). Occurring within lhis semi-consolidated sand 

are compact cementod bands of iron and organic-rich material. Old soil horizons and pebble 

layers are observed in both natural and artificial exposures., indicating a vertical accumulation of, 

probably, three separate beaches. To the north of approximately the 800N grid line (Figure 3), 

the deposit splits into two separate bodies with slightly differing mineralogy. 

The heavy mineral suite contains 7-8% rutilc and appro,cimately 9% zircon. The sUmes content is 

4 .3%, while lhe coarse ( + 1.0mm) fraction is 1.2%. 

7 .2 Milford Beach Deposit 

The Milford Beach deposit is considered by PHSA to be the accreting gcarm barrier to the 

present day Sea Beach. It is approximately 30m wide, but tend~ to be wider to the north. The 

sand is typically clean, well sorted, with a low slimes cont-eht of 2.1% and a low coarse 

PI-IS.A lt1001 '4ll DRAFT 9. 



(+1.0mm) fraction of 0.4%. The heavy mineral sui1e contains higher rutile and zircon values 

( each 9-11 % ) than does the adjacent Sea Beach. The content of leuco,ccmc is low. 

7.3 Sea Beach. Deposit 

Sea Beach is the present day beach and contains visible concentration of heavy minerals, some of 

which is high grade. The beach represents a narrow strip, approximately JOm wide. Since this is 

an active area, iL is a resource which bas potential to replenish with time; indeed replenishment is 

evident since cessation of mining operations in 1977. The sand is typicaUy cJea.11, being low in 

slimes (1.1%), but with a moderate coarse (+ l.Omm) component (1.7%). Tii.e heavy mineral 

suite contains 74 8% rutile and 6-9% zircon. Leucoxene, at 1-2%, is lower than for the older 

Lanherne Beach deposit. 

Afh:r storms have stripped back the Sea Beach, older indurat.ed sands are exposed. These aro 

probably of similar age to Lanheme Beach. 

7.4 Sand Tail1np 

Sand tailings from the operations of Naracoopa Rutile Ltd and Kibuka Mines Ply Ltd were 

placed into the mined southern half of Lanheme Beach. For the most part, this material is 

tailings from the richer parts of the Laoheme Beach deposit which was minoo by Kibuka Mines. 

Although the material is tailings, it doos contain a significant heavy mineral content including 

rutile und zircon, and in some areas, it overlies previously uronined sand with appreciable mineral 

contents. Ovcral~ Lanhernc Beach Resources comprise approxintately 50¾ virgin mineralisation 

and SO% sand tailings. 

Typically, sand taiJlngs have lower slime and coarse (+ 1.0mm) fraction contents than virgin 

Lanheme Beach sand, being 2.5% and 0.9'% respectively. The heavy mineral suite consistently 

contains uppro,cimately 5-6% each of rutile and zircon and does not show the variations that lhe 

raw sand does 

7 .5 Heavy Mineral Tailings 

Heavy Tailings from the Naracoopa Rut1le/Kibuka Mines operations occur irt ~ r~ricted area in 

the vicinity of line 500N (Figure 3), partly as buried material and partly as a surface dump. The 

PHSA ruoo1.01 DRAPT 10. 



tailings contain maittly magnetic heavy minerals principally ilmenite and garnet, bot include rutile 

(4%), zircon (4-5%) and leucoxene (l-2%). 

The Heavy Tailings have recently been further investigated by drilling on a close sµa.ced grid. 

The details ofchis recent investigation., and the results,, are recorded in Section 8 of this report. 

7.6 Back Beach Deposit 

The Back Beach deposit at Cowper Point (Figure3), is the notthern time equivalent ofLanherne 

Beach and overlies an older Tertiary calcareous sandstone. It comprises moderately well s.orted 

sand with, particularly along the western flank, a coarse basal deposit and dark grey 

catbonaceous clay which underlies the sands. Most of the deposit is indurated with accumulated 

dark brown organic cement, similar to Lanheme Beach. ~ coarse fraction (+2mm) is 2J)% 

and slimes content i.s variable mostly ranging from 2 to 20%. 

The heavy mineral suite contains 7-8% ru1ile and approximately 12% zircon. The z.ircon content 

decreases from south to north. Witbin the deJ)<>sit., there is a higher-grad-e strand of 

mineralisation running aJong the western flank which probably represents a single storm event 

At a 5% heavy mineral cut-off, this concentration contains 19% of the raw saud and 52¾ of the 

heavy mineral. 

7.7 £,astern Deposit 

The Eastern Deposit (Figure 3) comprises a moderately well sorted beach se<juem:e overlain by a 

well-sorted aeolian dune, For the most part, the sand is very clean with little matrix. Shell 

content is variable. Pebbles and sbells with coarse sand occur near the base in places, but the 

average +2mm content is 0.2%; while slimes content is low being generally less than 1%. The 

western part of the Eastern Deposit overlies organically cemented sands similar to those of Back 

Beach. 

The aeolian dune sands of the Eastern Deposit range upwards to in excess ofJOm thick. South 

of Cowper Point, the mineralised be-ach and aeolian sands extend to the modern cqastJine, while 

to the north of Cowper Point, a younger, weakly-mineralised sequence of beach and dune sands 

has built up on the coastal side of the Eastern Deposit. 

JlflSA. ltl'OOl-01 1>l1Af'1' 11. 



The heavy mineral suite contains approximately 6% rutilc and approximately 8% 7..ircon. Within 

this deposit, there is a higher-grade section on the we'stem flank, which, at a 3% heavy mineral 

cut-off, contains 38¾ of the total raw sand aod, 51% of the total heavy minerals. The location of 

this higher-grade portion might pose fewer problems for mining and rehabilitation than some of 

the higher and steeper topography of areas to the east 

7.8 lntermNliate Strandlinc., Jktwetn Back Beach and Eutt rn Deposit 

A series of beach strand-line deposits resLing directly on Tertiary sandstone occur between the 

Back Beach and Eastern Deposit (Figure 3). These beach deposits typically fine upwards and 

often contain II basal gravel and/or coarse shell layer. Along the eastern side, aeolian dune sands 

overlie these strand-line deposits Like the Back Beach deposit they are indurated. They are 

younger than the Back Beach, and have lower surface elevation and grade than either ~he Back 

Beach or Eastern Deposit. Using a 1.5% heavy mineral cut-off the mineralisarion is too 

fra8Jllented to form mineable blocks, but at a lower cut-off grade (say 0. 75% or 1.0%) there is 

potential to mine the whole ofthjs intermediate strandline area. 

Only limited mineralogy investigations have been completed on the heavy minerals contained 

within these strandlines. Overall the mineralogy is expected to remain generally consistent with 

the adjoining Back Beach and Eastern Deposits. 

PHSA lt2001.0I f>RAJ!T 12. 
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TABLE2 
·MINERAL RESOURCE ESTIMATES. EAST KING lSLAND. CUT-OFF GRADE I.5°/4 HEAVY l\llNERAL 

DEPOSIT CATEGORY IN srro MINERAL CON'l'!:l'IT (%) TONNES 

JIM Rutile Z4rcon U ll'CO'lCDC llmi:ai:tc Sand HM Rudie Zircon Lc:uc_oune. Ilmenite• 

NAR.\COOPA 

Lanheroe Beach (Raw) Indicated 5.0 0.36 0.44 0.24 2,700,000 140,000 10.100 12,200 6,700 43,000 

Milford Beach lwli.catcd 11.5 1.17 1.12 0.23 324,000 37,000 3,800 3,600 700 11.000 

Se.a Bc:10h Indicated 17.7 1.32 1.38 0.27 196,000 35,000 2,600 2,700 SOO 11,000 

Sand tai.li.ngs Indicated 7.7 0.39 0.43 0.29 2,960,000 227,000 tl,(.00 12,700 S,600 70,000 

I-IM Tailings Mc:tSlln:d 78.0 2.74 4.26 0.74 209,000 163.000 $,100 &,900 1.500 119,000 

TOTAL Measured & 
9.l 0.52 o.62 o.zs 3.9 6,.479;000 602-,000 33,800 40,100 18,000 254.000 

Jndiell:lcd 

COWPER P-OlNT 

Back Belich Indicated S.l 0.39 0.62 0.2.2 2, 150,000 110,000 8.400 13,300 4,300 

I;asrern Deposit Iudicaled 3 1 0.19 0.24 0.19 16,400,000 514,000 11,900 38,SOO 30,600 

TOTAL .llldiutr:d :u 0.12 0.28 0.19 1.1 18.,550.000 624,000 40,300 5.2,100 3~,400 

COMBINED 4..9 0.3-0 0.37 0.ll 25,029,000 1,.lU,000 74,100 9:Z,l.00 53,400 

.ROUNDED 25,000,000 1,230,000 74,000 92..000 53,000 

• Ilmenite quantities o.ased on the following average values: Nancoop11 31 % of total heavy mineral suite. Heavy Tailings 73% of total he.avy 
mineral, milcgoetic leuooK.enised ilmenite is included as ilmenite. Cowper Point 34% of total heavy mineral suite All Ilmenite quantities are 

INFERRED RESOURCES. 
Lcucoxene shown in the above Table is non-magn.etic leucoxene. 
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TABLE3 
MJNERALRESOURCEESTIMATES, EAST KING ISLAND. CUT-OFF GRADE 0.75% HEAVY MINERAL 

J>£1>OSIT CATEGORY IN SITU ~tll1fERAL CONTENT (¾) TONNES 

JIM :Rutilc Zircon Leoc:o:uoe llmeo:ite Sand HM Ruiile Zircon Lmoollttte 
10 111enite • 

NAJlACOOPA 

l..anheme Beach Indicated ll 0.23 0.28 0.14 6,130,000 190,000 13,800 17,100 8,800 59,000 

:Milford Beach lnd:jc:ated 11.3 117 1,14 0.23 324,000 37,000 3,700 3,600 750 11,000 

Sea Beach rndicarcd 17.3 1.32 l.3S 0.26 195,000 34.000 2,600 2,600 500 11,000 

Sane! Tailings [ndicatcd 77 0,39 0.43 0.29 2,960,000 227.000 11,600 12-700 8,600 70,000 

HM Tailings Mcasruoo 18.0 2.74 4.26 0.74 209,000 163,000 5,700 &,900 1,500 119,000 

TOTAL Mea811.red & 1.Z 0.311 0.46 0.11 
Indicated 

l.8 9,818,000 651,000 37~00 « ,900 21,150 270,000 

COWP&R POINT 

Backlle3ch Indicated 3.SS 0.28 0.4-4 OJ6 3,360,000 129,000 9,500 )5,000 5,500 44,000 

Eastern Deposit lndlcated 2.56 0.16 0.19 0.15 :22,400,000 574,000 3!1,600 43,000 33,700 195,000 

l ntcnnali'11e Strandli.oes Inferred I.SS II I # 4,450,000 69,000 4,100 S,200 3,500 23,000 

T OT.t\L Indicated l.39 0.16 0.21 0.14 0.9 30,210,000 712,000 49,200 63,:200 42,700 261,000 

COMBJNED 3.5 O.ll 0.2., 0.16 1.J 40,028,000 1,423,000 86.,(i()O LOS,100 63,850 532,000 

RO UNDED ) 40,000,000 1,400,.000 86,000 108,000 61,000 530.000 

# There lj no diro:1 mineralogy data for the dntl holes in lhis pan of tbc rcsour= lt bas been assumed that the hea\'y mmeral suite remains oonsLStc.nt w11b lh.e 
adjoining ~its to the east and -west: ic rotile "' 6%. zircon= 7 ,5%, kmcoxene • 5% .. ilmenite + lcuCQlCCfUSCd ilmenite - 34% of the heavy mineral suice. 

• Ilmenite quantities based ou I.he following ~vcrn:_ge values: Naracoopil 31% or tOtll.l ticavy mineral suilc. Heavy Tailings 73% of total beall)' miocral, magnetic 
leucoxeu.ised ilmenite is included as ilmenite. C,owpcr l?oiut 34 '¼ of tot.i-1 hc..1vy mineral suite. All Ilmenite qwmtitk$ are INFE-RREJ> RESO UR.CES. 
Leuooxene sllown ia the above Table is non-lil3gnedc leucox.cno.. 
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9.4 Rquhs of Onshor:s Resoun;es Estimat~ 

The results of the 1988 and 1989 PHSA Resource estimates are presented in Tables 2 and '.l for 

l 5% and 0 75% heavy minenl cut-otfgrades In rounded terms, the total Resources are: 

Cut-OfTGrade I.So/a 0.75% 
Raw sand 25 million tonnes 40 million tonnes containing. 
Heavy mineral 1.23 million tonnes l 4 million tonnes 
Rutile 74,000 conne:s 86,000 tonnes 
Zircon 92,000 tonnes 108,000 tonnes 
LeuCOXCfle 53,000 tonnes 62,000 tonnes 
Ilmenite 470,000 tonnes 530,000 tonnes 

The western portions of the Back Beach and the Eastern Deposit contain higher-grade sections. 

Mineral Resource estimates. at 3% heavy mineral cut-off grade, for Eastern Deposit and, 5% 

heavy mineral art-off' grade, for Back Beach are set out in Section 10 3. They give information 

on the potential to mine higher-grade sections of the deposit during early years of operation or 

during periods of lower mineral prices. 

9.5 Resources For Which ,Mining C9nsent Is Presenlly Av•ilablt 

Estimates have been prepared which quantify that part of the Identified Resource at 1.5% heavy 

mineraJ cut-off occurring within the area of the granted mining lease, where the attached 

conditions allow mining to take place; ie omitting that part. of the resource occurring within the 

Mining Exclusion Zone al Cowper Point and along the Fraser River at Naracoopa 

The Mining Exclusion Zone at Cowper Point is set aside to assist with Lhe protection of the 

orange bellied parrot. It is shown on Attachment I lo the Permit Conditions - Environmental; 

issued by the Department of Primary Industries, Water and Environmeot, Tasmania under the 

Environmental Management and Pollution Control Act 1994. Whether this area can be mined 

at some later time will depend largely on the demonstration of successful rehabilitation 

elsewhere within tJie mtning lease, and an assessment of the impact mining operations may have 

on the habitat of tJ1is parrot. The impact of the exclusion z.one is to sterilise, at least 

temporarily, a large part of the Eastern Deposit. 

At Naracoopa., mining is noi permitted within 45m of the Fraser River mid stream under 

Condition JI of the Permit Conditions - Environmental; issued by the Department of Primary 
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Industries, Waler and :Envirortment, Tasmania under the Environmental Management and 

Pollution Control Act 1994. A small part of the resource (mostly Sand Tailings) is s•efilis.ed as 

a result of this condition. 

There aro other parts of ~he resource affected by Permit Conditions, which require the consent 

of the minister, eg Condition 34, mining within 30m of Blowhole Creek. For the purpose of 

these estimates it has been assumed that dle required consent will be forthcoming when it is 

sought. Failure lO obtain consent would result in the sterilisatfon of an additional part of the 

Identified Resource. 

Table 4 summarises that part of the tot~! Identified Resource, which is immediately available for 

mining under the conditions attached to the Mining Leases. When all of the above listed faccors 

have been dealt with, a Reserve estimate will be established. However, Table 4 by viitue of 

excluding that part of the resource occurring within the Mining Exclusion Zone and along 

Fraser River, is a first step to establishing a Reseive estimate. 

~ TADL~4 

ESTIMATED RESOURCES WITHIN PRESENTLY MINEABLE AREAS OF THE 
: 
, MINING LEASE 
t Cut-off: Grade l ,5•J.., Heavy Mi.ncrill 

DEPOSlT (%) TONNES 

Jll\1 Sand Il~I Ru.tile l.Jrco11 Leucoxene nmen:ite 

NARACOOPA 

Lanhcmc: Beach (Raw} 5.0 2.790,000 140,000 10,100 12,zoo 6,700 43,0(10 

Milford Bench lU 324,000 37,000 3,800 ),600 700 11,000 

Sea Reach 17.7 196,000 35,000 2.600 2,700 500 11,00(1 

Sand trulint,'!i 7.6 2,890,000 218,000 ll ,200 12;200 8,300 6&,000 

HM TAilings 78.0 209,000 163,000 5,700 8,900 1,500 119.000 

TOTAL 9.3 6,410,000 S!>J,000 :u,400 3!).600 17,700 252,000 

COWPER POINT 

SackD=l.cll 5.1 2,150,000 110,000 8,400 13,300 4.800 37,000 

Etlstern Deposi1 3.2 6 ,190.000 1% ,000 13,000 17,100 IJ~OO 67.000 

TOTAL 3.4 8,340,000 3-06,000 21,400 30,400 1iJIJoo 104,000 

COMBINED 4.9 14,75');000 899,000 54,800 70,000 35,800 Js.6,000 

ROIJ!"tDEl> 15,000,000 900,000 55,000 70,000 36.,000 360,000 
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.6 Emlonition Result., Qfr$hore 

.. ! 

' 
ea,vy mineral content of the 21 sites sampled 'offshore rw1ged from 27.9% to 0 19%. The 

Jghcst-grade samples were those obtained from nearest to the shoreline in the south-western 

1,1r of Sea Elephant Bay. Heavy minerals contents ranging from 1 % up to 5.25% were 

-~pd in 8 oft11e 16 sites located more than 700m from the shore. 

~ralogy was determined on two composites of the heavy mineral fracuons being: 

' 
i SAMPLE A 
. SAMPLBB 

the 3 hand drilled holes, and 
the 16 pumped samples. 

_ lls of the calculated average heavy mineral grades and the mineralogy are set out in Table 5 

TABLES 

~ilJLTS OF TEST EVALUATlON OF COl\fPO JTE HEAVY 11NERAL SAMPLES 

COMPON"ENT COMPOSITE COMPOSrTE MINERALS ¾lo RAW SAND 
)! 

SAMPLE A SAMP1Jt8 SAMPLE A SAMl'LE B 
fUL"TRD •;. HEAVY MINRRAL 

1$bted mean for drilled 12. I 1.5 
lC!l'\'fil 
·01mctic mean to.4 1.3 

j f1t(BRAL·TOTALS "le .IN EU!AW MINERALS~ 
7.7 90 R.utile 0.80 0.12 
S.7 7.7 Ziroon 0.59 0.10 
7.9 9.9 Ilmenite 082 0.13 

13.0 11.8 Altered Ilmenite 1.35 0. 16 
3.3 6.1 Leuco..:e:nc 0.34 0.08 
0.02 1.03 Monazite 0.002 0.014 
0.06 003 Xcnolime 0.006 0.0004 

11.7 21.2 Gamet 1.22 0.28 
S0.8 33.7 Others S.29 0.4S 

100.0 LOO.O 10.41 1.3<1 
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TABLE6 

IDENTIFIED RESOURCES AVAILABLE FOR MINING 
AND EXCLUDED FROM MINING 

Cu.t-off I.$% Heavy Mineral 

TOTAL lDENTIFIRD 
RESOURCE RESOURCE 
AVAILABLE EXCLUDED FROM 

RESOURCE (t) FOR MININC lt) MINl~G(O 

NAiCJ'.COOPA 

Saad (t) 6,4-80,000 6,410,000 68.000 

lfcavy Mineral (I) 602.000 593,000 9,000 

Rutile (t) 33,800 33,400 400 

Zircon (l) 40,100 39,600 500 

Leuooxene (t) 18,000 11,700 300 

Ilmenite (t) 254,000 251,000 2000 

COWP:£'8 POJNT 

Sand (t) 18,550,000 8,340,000 10,210,000 

l-leavy l\.fincral (I) 614,000 306.000 318,000 

Rutile (1) 40,300 21,400 18,900 

Zircon {I) 52, 1<)0 30,400 11,700 

Lcucoxcne (I) JS,4-00 18, 100 17,300 

Ilmenite (0 112-.000 104,000 108-000 

TOTAL (rounded values) 

Sand (0 25,030,000 14,7SO,OOO 10,.280,000 

Hea'I)' Min.era! (I) 1.,.226,000 899,000 :m,ooo 
Rulilc (I) 74,100 $4,800 19,300 

Zi.reon (l) 92,200 70,000 22,2-00 

LC:UCO)l(CDe (I) 53,400 JS,800 J7.600 

flmerlile (I) 466,000 356,000 110,000 

I 0.3 Mi!ili!& 
With regard to extraction of the Identified Resource some issue.1 that need to be considered are 

mentioned below. 

Clay underlying the sand deposits at Naracoopa will form a natuta.l base for -mining where 

heavy mineral grades persist to this depth. The clay is oot flat.lying; risinty~ an elevation of 

+ 1 Sm above AHD, and this may present some difficulty if a dredge operation is envisaged. 

34. 
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1. INTRODUCilON 

Al !he request o f lhe Chairman of Tasmanian Titanium Pty Ltd Gravcon Consullancy has 

Men i!SltP.d to genera1e a review of \he current status or the development of the Klng Island 

minet~I sands project This document is being produced almost exactly 12 rnonlhs from the 

date of a similar document generated by Gravcon Consultancy. 

The scope of this report was to present a summary of -

, Current reserve status 

, Planned development strategy 

, Plant flowsheet 

, Dry Mill Processing 

, Product spe<;ifications and rec.overies 

,. Capilal and Operating costs 

~ Further Developments 

The purpose of this report is to provide an update to shareholders and presenlation to 

potential financiers/ investors. 
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2 $tl t-AMARV 

2 1 Reserve Status 

Last November (2000} lurther drilling was completed on the "Magnetic Tailings 

Stockpile" allowing the upgrading of this resource status to a "Measured" resource. 

Drilling along ihe Soa Boach was also conducted but due to the unstable nature of 

this resource no definition could be applied. 

Following lhis additional dnlhng Geologisl Graham Lee of Peter Stitt & Associates 

generated an updated report tHl~d • Heavy Mineral Dump Resources. Naracoopa. 

King Island. Tasmania including summary of all idenbfied heavy mineral resources 

within the Tasmanian Titanium lenements·. 

Tne reported measured resource or the Magnetic Tailings Stockpile Is now defined 

as-

;.. Sand 

:, Heavy Mtneral 

,. Rutile 

► Zircon 

► Leucoxene 

209.000 tonnes 

163.000 tonnes 

5,700 tonnes 

8.900 tonnes 

1 ,500 tonnes 

2 2. Planned Development Strategy 

11/1/0Z-

The planned development strategy is for the initial processing of the Magnetic 

Tailings Stockpile and the high grade Sea Beach sands. 

This allows gen~r.ation of a significanl return on funds for minimal capital and 

operating el<pense due 10 lhe both minimal operating expense involved in mining, 

Gravc-0n Con&ultar11;y Pagel 



rehabilitation and t,ansportation costs and minimal capital expenditure requirements 

for the processing of this high grade ore. 

The Magnefic Tailings Stockpile 1s located immediately around the planned 

processing plant site (former site of operatlons) and covers a surface area on only 

29000m2 w.tn direct mining from lhe resource into the feed bin by front-end loader 

The process plant is located approximately 400 metres from the midpoint of the Sea 

Beacil deposit tt:iat runs 800 meters from the mouth of the Fraser R,ver to a soction 

or outcropping coffee rock along the beachfront. It is planned that this resouroo Is 

mined at opportune times {ie following upgrading by wave action) on a- seciion-by­

seciion basis using either front-end loaders or excavators into trucks for transport to 

the plant 

The cu((enl model for the first year's production Is for co-processing of both the 

Magnetics Stockpile and 50,000 tonnes ot ore from the Sea Beach resource. 

Subsequent producllon would be denved from the commissioning of a wet gravity 

upgradmg plant to process ore from the lower grade resources supplemented by 

further ore from the Sea Beach. 

2.3. Plant Flowsheet 

H/1102 

During dnlllog ot the s-amptes, lo confirm the resource esHmate ror the Magnetic 

Taifings Stockpile, a representative bulk sample (approx 1 tonne) was accumulated 

and used for simulation of the proposed flowsheet in the production or a Rutile I 

Zircon concentrole. 

This lestwork showed that the flowsheet achieved or bettered both final product 

grade (ie 85% Ruhle and Zircon) and mineral recoveries. 

Subsequent processing of these products indicated that the levels of tin in the final 

Rulile products were in excess of satisfactory levels. This necessitates the inclusion 

of an additional stage inl.o the original nowsheet. 

Gravcon Con$ultllney Page 3 



2 .1 Dry Mill Processing 

1111102 

TTPL has in place an advanced arrangement with Mineral Deposits Ltd for the 

p,ocessing and mafJ<oting of the King Island concontrates. 

The bulk R I Z concentrate. generated from the assessment of the process plant 

flowsheet. was subJecied to a simulation or the Mineral Deposits Ltd. Hawkes Nest 

dry mill nowsheet, 

r rom this simulation final products of both Rutile and Zircon where generated that 

mot both typical product grades and or exceeded predicted recovery estimates. 

Samples of these products have been distnbuted to potential buyers around the 

world for assessment 

The zircon has reporledly been well accepted by most potential clients. 

The Rutile has two negative characteristics that impact on marketability. These are 

the levels of tin present and the line sizing. The tin levels can be readily reduced by 

the introduction of an additional stage into the King Island process plant ie wet 

shaking lable to reject lhe high specific gravity tin mineral present. 

However tne sizing or the minernl cannot be countered, as it is what nature provided. 

If the sizing factor limits marketabilily or the King Island product an option is for a 

change of focus for the ma,keting away from lhe pigment mar1<et and into the welding 

roe market where sizing, and lin, is not an issue. 
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2.5 Produd Grades and Recovenes , 

1711102 

The following lables present the grades and sizmgs of the final products and mioeral 

recoveries generated from the testwork . 

2 .5.1 Product Assays 

Rutile Produd 

Ti02 Zr02 Fe2O3 Al20~ Si02 Sn02 s 
% % % % % % % 

Rutile 96.9 0.44 0.51 0.12 0.45 0.090 0.003 

As stated previously the only assay of concern is the levels of tin (Sn). At 900ppm 

th,s four Umes the typical limit tor the pigment market. This value Is higher lhan 

expecied due to an error dunng the testwotk ie only one or the threia streams lhat 

make up this product was processed lo remove the tin. 

Despite this it is ,ecommended that an additional stage of wel tabling rs installed to 

maximise tin rejedion and ensure tin levels are within marl<et &)(~elations 

Zircon Product 

Zr02 Ti02 Fe203 A'203 Si0 2 u Th 

% % % % % n nm oom 

Zircon 66.2 0.08 0.065 0.42 32.6 147 245 

These grades place this produci as "Premium· Zircon grade. 

Gravcon Con.sul~n.;y Pago 5 
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2 5.2 Producl S1zln9s 

Fraction Ru-tile Zircon Rutire Zircon 

Wgt% Wgt% CumWgt% CumWgt % 

Retained Retained 

+212µm 1.82 3.16 1.82 3.16 

_ +180µm 5.94 6.66 7.76 9.83 

~1soum 18.77 9.63 26.53 19.46 

+i25tJm 42.04 21 .71 68.58 41 .17 

•10.§.y..!!!_ 23.78 27.70 92.35 68 87 

+90um 6.74 23.29 99.09 92.15 

+75um 0.78 7.28 99.86 99.43 

+63um 0.12 0.50 99.98 99.94 

•63um 0.02 0.06 100.00 100,00 

Total 100.00 100.00 

Comments, ex the Manager Marketing MDL, are that the zircon s.izing is nol an issue 

however the Rutile siz:ing has generated comments of concern ex a number of 

potentJal buyers. 

2.5.3. Product Recoveries 

Mineral recoveries to the finat RZ Concentrate achieved by lhe simulation of the King 

Island concentrate upgrade plant were • 

► Zircon 

► Rutite 

► Leucoxe-ne 

97.2:2% 

94.38% 

60.43% 

Mineral recoveries to final prooucls achieved by the simulation of the MDL Hawkes 

Nest dry mill were.-

-:.. Zircon 

► Rutile 

,; Leucoxene 

90.70 

93.01% 

6286% 
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Note the leucoxene figure quoled here is a recovery of mineral to the final rulile 

producl It should also be nolep that due to the definitions used during processing 

a'ld analysis this material is precsominantly misreported rutile raiher than true 

leucoxene This 1s evidenced by the high Ti02 levels reported In the ruti!e product 

The total recoveries achieved through bolh stages of processing were -

, 88.24% of the Zircon 10 the final Zircon Product 

37. 98% of the Leucoxene to the fina I R utile product 

> 87. 79% of the Rutile to the final Ru-tile product. 

With the addition of lhe recove,ed Leucoxene to the Rutlle product this gave an 
eifective Rutile recovery of 103.5%. 

2 6 Cap,tal and Operahng costs 

A number of estimates of the capital and operating costs for the processing of the 

Magnetic Tails and Sea Beach reserves have been presented, 

Gravcon Consultancy has done a broad estimate (:l:20.%) of ltie capital costs based 

simply on expenence lo derive a figure of approximately $1.5 million. Operaling costs 

have been estimated at $85/ tonne R/Z Concentrate. 

Foyster Holdings has sought and received a BOOT (ie Build, Own, Operate, 

Transfer) arrangement with MD Min&fal Technologies pty Lid. Under this agreemont 

MOmt builds the plant, operates and manages rt for eight months and then transfers it 

to TTPL. 

The terms of this agreement is for TTPL to pay MOmt $1851 tonne for operating costs 

(payable on a monthly basis) and $2.4 rnllhon capital costs Payable on handover of 

the plant after the eight months). It should be noted that funding of the capita l costs 

are buil t into these expenses somewhere. 

II •s IJ\e author's opinion that these figu,es are grossly over inflated with the operating 

costs particuta,ly of cone.em The basis for this concern is illustrated In later sections. 

- --------------------------------- • 
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Esltmated annual R/Z Concentrate to be produced is 21,600 tonnes. Using this figure 

the difference in operating cost:; for the first eight monlhs is equivalent to $1.62 

mi'hon 

For the scale of this operation lhts $1 .62 million difference represents a significant 

impact on tnveslor returns. 

2 1 Future Developments 

17/ ti()2 

The ne,ct stage of the prorect development is the completion of a bankable feasibility 

study for presentation to potential avenues of funding, The Peter Stitt & Associates 

Pty Ltd (PSA) group has been nominated lo complete this study on behalf of TTPL 

To compile lhis feasibility the following invesligations / studies still need lo be 

completed or updated -

)"" Engineering drawings and Capital costs 

► Confirmation of Operating Costs 

,. Transport arrangements. 

,,. Cash flow analysis 

These studies in comblnabon with the PSA geological repon, hydrogeology report 

(.John Mccambridge (SMPF)) and GC metallurglcal report should provide sufficient 

lnformation with which to approach various funding groups for finance to progress 

the project 

It is hoped this stage of the project will provide sufficient funds to repay all debl and 

provide funds towards development of subsequent proJect development lnco the 

lower grade areas. Development of this future expansion will need lo be commenced 

earty mto the first year of pt oduciion to ensure the continuance of operation of the 

Concentrate Upgrade Plant and cash liows. 

Gravcon Consultancy 



3 HESERVE STATUS 

In November 2000 a further drilling programme was conducted to upgrade the resource 

def1n11!on of the Magnetic Tailings S1ockpile. Prior to this the resource estimate was based 

o n 1wo assessmen1s ie -

~ Ex Peter Slit! & Assoc Ply Ltd (PSA) base<i on two 1rava1se lines at 500 & 600 North 

and at 20 metre intervals. 

r Ex Cable Sands (WA) Ply Ltd based on a closer drill spacing but did not fully 

estimate the extents of the resource or the zircon and rutile conlents. 

In the November drilling programme lhe resource was completed to the extent ol the 

resource and in all but three holes lo the base of the deposit. Each hole was assayed for 

heavy mineral content and lhen composited Into common areas for detetmination of mineral 

c,ontents 

Grnham Lee (Geologist} of PSA generated a report outlining the results of this drilling 

orogramme and a review of all drilling conducted on the tenements held by TTPL. This 

re_port is titleo 

Report No. 1/2001 

Heavy Mineral Dump Resources 

Naracoopa. King Island. Tasma nia 

Including summary of all identrfied Heavy Mineral Resources 

Within the Tasmanian Titanium Tenements 

The results of tha drilling of Magnetic Tailings Stockpile were 

~ Sand 209,000 tonnes 

► He.avy Mineral 163.000 toMes 

► Rutile 5,700 tonnes 

... Zircon 8,900 tonnos 

, leucoxene 1.500 tonnes 

These v;;lues afe w1thm the range of the results from the previous assessmonts. 

____________________ ,... 
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The table below was extracted from the above report covering the known resources w,thin 

the onshore tenemen!s held by 1 l PL Th~se figures aS,Surne a cul off grade or 1 .5% 

Oepos.-i- Category Sand I HM Ruti le Zircon Leucoxene llmenrte 

(000) (000) (000) (000) (000) (000) 

1 Naracoopa 
I 

· Lanheme Beach Indicated 2,790 140 10,1 12.2 6.7 43 

M,lfotd Beach lnd1C<1ted 324 37 3,8 3,6 ,7 11 

Seo t3ea~ l"d1cated 196 35 2.6 2.7 ,5 11 

Sand Ta1hngs Indicated 2.960 227 11,6 12,7 8,6 70 

Mag Tails Measured 209 163 5,7 89 1,5 119 

I Total 6,479 602 33.8 40,1 18 254 

Cowper Point 

Back Beach Indicated 2.1 50 110 8,4 13,3 4 ,8 37 

Eastern Deposrt Indicated 16,400 51 4 31 ,9 38,8 30.6 175 
-Total 18,550 624 40,3 52, 1 35,4 212 

Combinod 25,029 1,226 74,1 92.2 53.4 466 

Note - The Sea Beach data is very dependent upon the status of the beach profile. During 

the drilling program in November the % HM was approx 60% versus the levels detailed 

ebove or <20% This resource is also expected to be self-replenishing from the strands that 

arc located off shore from this beach. 
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4 Pl ,AN"-EO DEVELOPMENT STRATLGY 

Tne plan is lo develop the King Island proJe<:t 1n two stages. 

Sloge 1 involves the processmg or the entire Magnetic Tailings Stockpile and as much of the 

Sea Beach resources as possible This will only reQuire the Concentrate Upgrade Plant 

ICUP) lo generate the R/Z Concentrate 

Stage 2 •nvotves the prcx:ess1ng of the low grode areas and requires the construction of 

additional wet gravity concentration plants to provide feed of a suitable grade for the 

oporallor of the CUP 

The basis of this strategy is to begin operations al a minimal capital cost (le CUP only) and 

on ore that has the lowest operating costs ie practically no mining, transport or rehabilitation 

costs. 

These low costs are derived due to the location or the 

1711,02 

, Magnetic Tails Stockpile - within a distance of 5 and 150 metres from I.he feed bin 

tor the CUP capable of being simply mined by a Front 

End Loader direct to the plant 

,. Sea Beach Resource 

- Total surface area of the stockpile being only 2.9 

hectares with the excavated area being used for tails 

storage and requiring rehab only on completion of the 

project 

- This plant 1s located approx 400metres from the center or 

the Sea Beach resource, which runs for 800 metres trom 

the mouth of 1he Fraser River to an outcrop of coffee rock 

along the tidal beach zone. Mining will involve the use of 

either rront End Loader or Excavator direct into trucks for 

transfer to a stockpile near the CUP feed bin. Due the 

closeness of the plant haul distances will be less than 

2km per cycie. 
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The only costs for rehabilitation wi ll be in the return of tai ls 

to lh~ beach to repla~e the sand removed 

ih1s strategy will minimize lhe requirements for project funding to meel initial demands for 

capital and operating costs unli l the first revenue is received II is envisaged that the first 

sale of final nroducl will not occur until 12 months atte< startup of the operation. 

fhls first ysar's income should allow p1edominantly self-funding or development of stage 2 

of the project. 

5 CUP FLOWSHEET 

tJurmg drilling of the samples. to confirm the resource estimate for the Magnetic Tai lings 

Stockpile, a representative bulk sample (approx 1 tonne) was accumulated and used for 

:wnulation of the proposed ftowsheet In the production of a Rutile / Zircon concentrate. 

Tl,e outcomes of this testwork is presented in a report by Gravcon Consultancy tiUed-

Metallurg,cal Assessment of King Island Resources 

• Magnetic Tailings Stockpile 

- Sea Beach 

- Zircon Rich Stockpde 

February 2001 

In summary this testwork proved that the proposed flows-heel was capable of achieving the 

targeted product grades and recoveries. From the subsequent dry mill processing the Issue 

of tin c;onter,t in the final rutile product proved of concern wilh an assay of approJ<tmalely 

row times the market limits. 

In the processing of lhe bulk sample the removal of the tin was not completed. Thls was 

attempted at a later stage and in error only one of the three product streams were sobjected 

to thi!l rejection slage. Despite this it 1s recommended that an additional stage of separation. 

to remove Ire hn. be Installed to guarantee suitable levels a,e achieved in the final p.oduct. 
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This change has only a minor affect on capital cost but is critical to ~nal produc1 market 

acceptance 

The mineral distribution to each of the circuit products is Pfesented in the following lable 

Product Stream Weight% Ilmenite Alt llm Leucox Rutile Zircon 

Oversize 0.24 0.00 0.00 0.00 -0 00 0.00 

WHIIJISM391 74 52 95.54 88.57 0 00 0.00 0,00 

WHIMSMa92 7.08 ~.11 9.0·1 0.00 0.00 o.oo 

Gravtiy Tail t0.10 0.35 0.87 39.57 5.62 2.78 

Gravity Cone 8,06 0.00 1.55 60.43 94.38 97.22 

Totai 100.00 100.00 100.00 100 00 100.00 100 00 

The recovedes of rutile. leuco,cene and zircon achieved by the CUP were • 

► Zircon 

► Rutlle 

► Leucoxene 

97.22% 

94.38% 

60.43% 

OthHM 

o.oo 
72.06 

13.32 

10.74 

3.89 

100 00 

Free Otz 

3.90 

0.00 

0.00 

95.46 

0.64 

100.00 

The grade of the R/Z Concentrate just fai led to meet the specification of 85% rutile/ leucoxene 

and zircon al 81 97%. With circuit opbmisation the targeted specification should be achievable. 

The rna111 contaminant is •other HM" which is predominantly alumlna silicates which should be 

readily reduced with optimisation of operational setting ie on the WHIMS and spirals. 

Producl Stream Weight % Ilmenite Alt llm Leucox Rutlle Zire<Jn Olh HM Free Qtr 

O~tstZe 0.24 0 00 0 .00 0.00 0 .00 0.00 0.00 100.00 

W'HIMSMag 1 74.52 53 66 16,50 0.00 0.00 0.00 29.84 0.00 

WHIMS Mag2 7.08 24.30 17.66 0.00 0,00 0.00 56.04 0.00 

ravriy Tail 10.10 1.46 1,20 3.97 1.41 1.02 32,81 58.13 

Gravity Cone 8.06 0.01 2.67 7.60 29.70 44.67 14.88 0.49 

Total 100.00 4 1.86 13 88 1,'01 2.54 3.70 30,86 6.15 

The updated flowsheet recommended for the CUP is presented on the following page. 
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6 DRY MIL L PROC SSII\G 

11 Is planned that the R/Z Concentrate produced from the CUP on King Island will be 1011 

processed al \he MDL Hawkes Nest dry rniU 

Tlie R/2 Concentrate generated from the processing of the bulk sample was subJected to a 

simulation or the MDL Hawkes Nest Ory Mill to assess the plants ability to p rocess the King 

ls'and mineral. 

The testwork armed to closely follow that of the MDL circuit to allow confidence in the ability 

of tho planl to achieve the level of product quality and mineral recovery. 

-he outcomes or this testwork provide considerable confidence that the Hawkes Nest plant 

,s capable of meeting the required product spedflca1ions and recovety of Ruble and Zlrcon 

Jn the production of the final Zircon and Ruhle no assays were conducted until the 

processing was completed All the separation assessments were completed simply by eye 

yet botti products met the market specifications. 

A number of splits of the final products have been distributed to a potential buyers of the 

King island producis. The response to the Zircon product 1s very positive. However a number 

of buyers have expressed a concern regards the Rutile products lin level and relatively fine 

srzIng o f the Rutile. 

The tables below detail the assays of the Rutile and Zircon products achieved. 

Ruhle Product 

TiO2 ZrOi Fe2O3 Al203 SiO2 SnO:! s As 
% % % % % % % oom 

Rutlle 96.9 0.44 0.51 0.12 0.45 0.090 0003 10 

As state<l pre111ously the only assay of concern is the levels of tin (Sn) At 900ppm this four 

,,mes the typ,cal hm,t for the pigment marxel This value is higher than expected due to an 
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error during the testwork ie only one of lhe three slfeams lhat make uo this product was 

processed lo remove the Un 

Despite l"lis it is recommended that an additional stage of wet tabling be installed to 

o,a,omIse tin rejection and ensure tin levels are wi1hin martet expectations. 

Zircon Produci 

Zr02 Ti02 Fe203 Al20 3 S10 2 u Th 

% % % % % ppm nom 

Zircon 66 2 0.08 0.065 042 32.6 147 245 

These grades place thfs product as "Premium• Zircon grade. 

The sizings of lhe products are detaUed below The sizing of the Rutile has been flagged as 

an fssue to MDL marketing with the fows of selling the product into the pigment marltel If 

suitable rnarketing options cannot be sourced from lhIs sector of the rutlle market there ,s an 

al~ernahve by placement into the welding electrode mar1<et 

Weight% 

Fraction Rutile Zircon Rutile Zircon 

Wgt% Wgt% CumWgt% CumWgt% 

Retained Retalned 

~ 2µrn 1.82 3.16 1.82 316 

+180urn 5.94 6 .66 7.76 9.83 

+150um 18 77 9.63 26.53 19.46 

+125um 4204 21 .71 68.58 41 .17 

+106um 23 78 27.70 92.35 68.87 

~ o µm 6.74 23.29 99.09 ,_ 92..15 

+7Sµm 0.78 7.28 99.86 9.M:L --~ 
+63µm 

1-
0.12 050 99 98 99.94 

-63um 0.02 0.06 100.00 100.00 

Total 100.00 100.00 
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Mineral recovenes to final products achieved by the simulalion of the MDL Hawkes Nest dry 

mill were -

Zircon 

Rutile 

Leucoxene 

9070% 

9301% 

62.86% 

Note lhe leucoxene figure quoted here is a recovery of mineral to the final rutrle product. It 

should also be noted that due to 1he definitions used during pro~ssing and analysis this 

material ,s predominantly misreported ruble rather than true teucoxene. This is evidenced by 

the h,gh Ti02 levels reported In the rutile product 

The total re~overies achieved through both stages or processing ie CUP and Dry Mill were -

;. 88 24% or the Z1roon to the final Zircon Product 

,... 37.98% of the Leucoxene to the final Rutile product 

~ 87 79% of the Rutile to the fmal Rutde product 

With the addition o f the tecovered Leucoxene to the Rutile product this gave an effective 
Rutlle recovery of 103.5%. 
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7 . CAPliAL ANO OPERATING C OSTS 

7.1 Gravcon Cost Esbmale 

Over the following pages are tables defining capftal and operabng cost estimates generated 

over the last twelve months of the projecl by Gravcon Consultancy. 

The Cap.ex is based purely on expenence and withou, the generation of any drawings and 

assumes the use of some secondhand units that are readily available. This figure is 

estimated to have an accuracy of tl0% 

This estimate assumes tt1at the local authority will be unable to supply power (as previously 

advised} Hence this price includes the purchase of a suitable gensets system. It may be 

preferable to either lease these sets or Obtain a supply contract 

The table on the next page presents a breakdown of the cost estimates used to derive a 

Capital cost flguro of $1,600,000 

This capit-al and the following operating expenditure figures have been generated for 

indicative comparisons. Both sets of figu,es will be fully investigated with back up of design 

drawings engineering estimates and detailed operating cost quotations within the scope of 

the bankable feasibility study. 
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Iler, Cost Noles, 
ROf11,-81n - .. -·· ·--·30,000 4-o·ionne, to grve a-pprO)( 1 hour ru0Time 

··-----
.... .. 

Bell Feeder 20,000 From bin .ind subsequent conveying I elevating to trommel 

Scalptng Trommei 
------··-··-- -· 15,000 s~ipiiig"oniy'a°t -8mm, iocatecfaiiovo·sc·reeriaixT ferj from bel1 -···-

·····-·-······-······- ··-25~000 Vdl-!al~ screen at 0.85mm:··· ...... ····-···-··-·····--· Vlb sc,een 
...... ······----.. ··-········ .. -15,000 4'?,f purnp, 201<W drive, 12rn, sump Sump-/ civmo 1 --~ 207000 Seoondtland unll 

---· ·-·· -·----· 
DrumM~net 
·sump I pump 2 -- ·-····· · ·-,s.ooo 4/:i"purnp. 20kW drive, ·12m• sump ·-
...... __________ , ..... 

• •"4•·· .. 
• m 175,QQO Secondhand unit from.R&adings -Whtm:;wade .. ------

llr;,.en1te sumplpumplcycJone 18,000 4/3 pump, 1SkW drive. 12m' 1oump. cyclone 3nd lower - ·····-·--···--
·sump.pump :i 10:000 3fi-l)\lmp, 15kW drive. BmJ"siimp-·-···-·---· ··-----------···-··· \/./h1ms narrow . Owned 

···--·· ..... . ,.., 3i2 pomp, 10kW drive, 6m .. sump -S1.Jmppump<l 10,000 

USC 
-•-· - ·-···-··---··--.. --- 1.5m d1am·e1er ---· . ...... , _______ 

18,000 . ........... 
2/1.5 pump, 3.Slr.W dt lv·e. 2m' surnp 

·--..-
Sump pump 5 8,000 
u·,, Spirals ·-·-·····-·-·-·· 1 X: twin 1ota1t 7 tum HG10 

---·-····----
10,000 

e,c lndex -
... ·-· 

U/f Table 10 .000 

sump pump 6 ·-···-·· 2/1,5 pump, J.5kW drlve,3m3 .sump -8.000 
()It ptimary spirals--•····-·- 13))00 1 x triple start 7 turn.MG4 -· -·-·---
svmi,pump 1 ·-· ... .. ifooo V1 .5 pump, 3.5kW drive ,3°rr? sump 

---·--.. 
0{1 cleafle1 :;pira Is 10,000 1 X twio st3r1 7 i-urn HGlO 

-·-····---...... -- ------ ·- -·· ------
Olf table \0,000 Ex Index 
.Plant water_p.urri'p .. 20,000 413 pump, 15kw drive end pipe line 300 me1res, pit --~ 
Lise wa1er ·-···- ....... 

Header lenk 2m3
' 2/1.5 pump 0!!1d 2kw dt ive 

<o••·· ....... 
7,500 

·-·s:ooo 312 pump and SkW drive 
... ·-·· 

Floor sump pump 

Sard Tails 1-ump/pump/cyclone ····-20,000 41:fpump, 151<w drive, pipe line 3·ocl°rnetrll$ and cyclone lower 
RZ SUfl' pipumpJcycl<Y1e····--···••m 

.. 
30,000 4/3 f)Ull'\P, 15kw drivo, pipe l ine 200 metre-s · ·----- ·----~ 

Bore pvmp and gensel 35,000 4" bote, JOKv g,enset 9nd 20m pipelin.e 
---·-------· ---·-··--•· ···-" 1so'.'ooo includi~ bell weigher Mad feed, RZ m!~~-~~O\v-meter:-occ Electrics 

15,000 
.............. 

Lj,,Jhting 
·····-··-····- ··-·2s:ooo ....... ---···· -

Dryir,g sh4!id To tiold -1-1 200 tonne, 

Main building 100.000 Fully clad, including ooncre1e floor 

S1ore stock I spa1es 50,000 -· .•. 

Wo~shop tools ,. ···--··· , .. -~-· 20.000 
. .. _____ ......... --

. .. _____ -Control room 8,000 ------- -· Lab 5,000 
Abtuloons block·· ·······--···-·· .... . ....... .... 

15,000 lnclttding septic 

'61fiCR. 
·----··-----------------

15,000 ·-·-· ·-------·-· 
Oes,gn ·-· - . 80.000 

.. ··-·------
Transport ----- --------- ............... ----------------- .......... -...... 

100.000 

GeQsel + emer[lilncy set 
...... , .. ··- s·o.ooo 1;ictude$ a taok farm k>r ft.>e I ··--·--

Cor1s1ruct1on ·- ----------- - ---- -- ... ··-·-··-·-
100,000 

Tot'a'i"' -···· ·-+·. . ---·---------·------ -.......... ------·------·-··· • •••-H•• -~ 
1,398,500 
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The Opex assumes the following operating parameters -

,- 7 days per week operation 

,,. 3 panel roster w ith three operators per panel 

,,. Other Full Time staff include General Manager, Operations Manager I 

Metallurgis1, Maintel'\ance Fitter 

,., Part hme employees include Secretary and Nurseryman 

,, Fuel costs wl1h Primary Producers rebated to 65 cents 

Sum'Tlary of Operating Costs . Year 1 (Magnetic Tails & Tidal ~ach onty} 

Cost Centre Total SI toone 

Aclministration s 195,200 $ 9.04 

Salaries s 875,000 $ 40.51 

Services $ 397,430 s 18.40 

Marntenance $ 20,.015 $ 9.31 

Other $ 90,000 $ 4 17 

Total $ 1,758,645 $ 81.42 
. -The table below 1s a summary of the ind1V1dual costing estimates/ breakde>wns . 

Assuming the production of RZ Concentrate to be 21 ,600 tonnes the cost per tonne equates 

lo S81.42. 

Allowing tor contingencies budgeted operating costs are presented as $85 per tonne 

The breakdowns in each ol the above bsted cost centefs are presented on lhe following 

pages. 

Foysler Holdings has sought and rece ived a quotat ion for a BO OT arrangement from MO 

mineral technologies Pty Ltd (MDmt) for the initial development of the King Island projecl 

A BOOT arrangement (ie Build, Own. Operate. Transfer) involves MDmt 

,.. 81J ilding and owning the plant on King Island 

,.. Operating I managing all aspects of plant operation / product,on at a rate of $185 per 

tonne o f product 
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17/1/0'Z 

, T1ansferring the plant and operation to TTPL control after a period of eigh t months for 

a Capital payment of S2.4 millio,n. 

Klog Island Office Costs 

Communr..alions $ 4.800 

Postage COU(IQfS GlC $ 1,000 

S1a110'1ary $ 2,000 

Consultants s 40,000 

Head Office Costs 

l&galf!ees $ 25.000 

Accotm Wlg fees $ 25.000 

lnsurences • build ings, plant anc:I equipment $ 35,000 

Bank Charges & Govt Levies $ 2,400 

Travel costs and directors QXpenses s 60,000 

Total $ 195,200 

Salaries • Year 1 O nly 

Position Numbers Pacicaoe level Totals 

GenerijJ Manager 1 s 140,000 $ 140,000 

M!ta1IurglS1 1 s 75,000 $ 75,000 

Operators 9 $ 62,000 $ 558,000 

Fitter 1 $ 62,000 $ 62.000 

Clerk (part time) 1 $ 25,000 $ 25.000 

Nurseryman (oaft timel 1 $ 15.000 $ 15,000 

Total 14 $ 875.000 
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Services• Year 1 only 

Units Cost Consumption rale Cosl $/a 

Loador Fuel liues s 0.65 250 / day $ 42,250 

Gensel F\1el hires s 0.65 50 / hour $ 280,800 

L1gt·t Vet)1ck; Fuel litres $ t ,20 10 I day s 4,l 80 

lab Consumables $ 5,000 

Assays $ 5,000 

Loader Lease $ 50,000 

E.Q u lpment ture $ 10,000 

Total s 397,430 

M.iintenance CMts 
Item Capfl:al oost Mtce factor Nell S/annum 

Planl \500000 12.5% $ 150.000 

Bolldlngs 200000 5.0% $ 10.ooc 

L,gn; Vehicles 75000 75% $ 5,625 

MobiTe EQLJipmenl 150000 12.5% $ 18,750 

E)(ternal Labour 12 hou rslweek @ $40ltlt $ 16,640 

Grease. oils $ 5,000 

OU'\~r consumables s 10,000 

Total $ 201,015 

Other Costs - 1 st Year Only 

llel"'l 

Tenemen: cosls - Lease or motet s 60,000 

- lease of dam $, 25,000 

- Tenement costs $ 5,000 
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Comparison of these costs between Gravcon and MDmt display a significant variance This 

variance has a maJOf affect on the profitability or the project. 

Source Capital Expense Opecating E.)(pense~1 

L--...-. 

' Gr,wcon Consultancy S 1,500.000 $1,377,000 
l 
j MD m neral tochnologies ' 2 $2,400,000 $2,977,000 

tt 1 Operating expenses for 8 months only 

/i2 MDrnt costs Include a charge for financing costs for capital through to repayment after 

eight months and one month's production payment but does not include costs lor 

leases or TTPL head office costs. 

At a total d1lference of $ 2,500,000 less an allowance for Iha built in finance cost for the 

CAPEX llnlll transfer. the cost of acceptiog this BOOT arrangement has a very significant 

affect on profitability of the King Island Project. The figures estimated by Gravcon 

Consultancy will be firmed up by the bankable feasibility lo be completed by Peter Stitt & 

Assoc Pty Ltd. 

Neither Gravcon Consultancy nor TTPL directors have b-een able to review the details or 

breakdown of these quotes to consider the credibility or profit margins of lhe MDm1 

estimates. Comparison with industry standards indicates lhe quoted prices a,e well above 

lhose lhal would be eJ<pected to be achievable 
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8 . FURTHER De:VELOPMENTS 

Tile lle:i<I stage of the projec1 development 1s the completion of a bankable feasibility study 

for presentation to potenual avenues of funding. 

The Peter $lilt & Associates Ply Ltd (PSA) group has been flominated to complete this 

shrdy on behalf of TTPL. This group has already has had a considerable exposure to this 

pro1flct through 1ls involvement In a number of e><ploration programmes over twenty yea,s~ It 

is also a well respected and recognized " Industry Specialist" for the developmem of 

bal'kable feasibility studies. 

To compile 1his feasibility the rollowing investigations I studies still need to be completed o, 

updated -

,, Engineering drawings and Capital oosts 

,- Confirmation of Operahng Cosls 

Transport arrangements. 

► Cash flow analysis 

These studies m combination with the PSA geotoglcal report. hydrogeology repol1 (John 

Mccambridge (SMPF)) and GC metallurg,cal report should p,ovlde sufficient information 

w,th which lo approach various funding grotJps for finance to progre--ss the project. 

The investigation that will take the largest amount or time will be the finalizing of lhe 

transport arrangements, \Nhlle the shipping and transportation costs posl King Island can be 

readrly reconfirmed the costs involved in storage and loading from Grassie harbour is far 

from being resolved. 

An informal discussion with King Island Port Authonty in November 2000 yielded an 

estimate well above those previously developed and noods to be vigorously reviewed by an 

industry specialist. To the authors knowledge no further discussion re the por•rayed 

estimate has been pursued since. It ,s proposed that a shipping consultant INCOL Pty Ltd rs 

commissioned to progress all transport / shipping and demurrage discussion ror 

incorporation into the bankable feasibility study. 
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More recently two TTPL directo,s have had discussions with a member of the Tasmanian 

Business Development Corporation who has indicated that a more amicable agreement can 

be n~ot1ated. 

Completion of this bankable feas1b11ity study is critical to the future development of this 

pro1ect 

A $uccessful outcome will place TTPL in a sohd position to secure either project finance or 

mcraase pro1ect value for an equity safe. 

ll is hoped this stage of the project wlll provide sufficient funds to repay all debt and provide 

funds iowards development of subsequent project development into the lower grade areas. 

Development of this future expansion will need to be commenced early into the first year of 

ptoduction to ensure the continuance of operation of the Concentrate Upgrade Plant and 

cash flows. 

One significant revenue source not consld.ered In the financial models developed lo date are 

the potential returns that may be derived rrom ttie stockpiled ilmenite generated from lhe 

CUP It is prndicted that the first twelve months of operation will generate approximately 

125,000 tonnes of llme.nite contained in a feedstock of 150,000 tonnes. 

The King Island Ilmenite has a level or Chromite that makes it unac~ptable to the general 

market This places ii in an 1den11cal sih.1atioo to the Ilmenite to be generated from the 

numerous Murray Basin projects. Using a number of different te<:hnologies ,t is possible to 

remove the level of chrome contamination to an acceptable level. · For the hwel of 

production, expected from the King island resource. it Is not feasible to fund the necessary 

capital to bvild the plant to achieve this process. 

A number of Murray Basin prnducers are In a similar situation regatds the scale or 

produchon Because of tllis there are a number of operators considering construction of a 

Toll Processing facility with the most likely site of this plant being Portland. Victoria Any 

sale of ilmenite will significantly enhance project returns as they will require no additional 

eicpenditure of capllal and will significantly add to volume through the port facility leading to 

lower the demurrage charg~s levied by King Island Port Authority. 
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Geological Survey of Denmark and Greenland
Thoravej 8, DK-2400 Copenhagen NV
Ph.:  +45 38142000, Fax: +45 38142050

Sample Name: No. of frames analysed: 89

Lab. Name: No. of particles analysed: 1498

Date: Heavy minerals in raw

Submitter: sand (%): 90,15

Country: Comments:

Analyzed by:

Guard region:

Sieve:

Average content

Category TiO2 wt% Fe2O3 wt% MnO wt% Cr2O3 wt% SiO2 wt% Al2O3 wt% MgO wt% CaO wt% ZrO2 wt% Total

Ilmenite 59,1 34,5 1,8 0,1 0,7 0,7 0,7 0,1 0,3 98,2

Leucoxene 74,0 18,9 1,3 0,2 1,6 1,3 0,2 0,2 0,3 97,9

Rutile 95,7 0,7 0,1 0,2 0,4 0,3 0,1 0,1 0,4 98,0

Ti magnetite 41,9 47,2 1,4 0,2 2,6 1,0 2,4 0,3 1,0 98,1

Magnetite 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Chromite 1,0 24,8 1,5 47,7 0,9 13,4 7,2 0,1 0,4 97,2

Pyrite 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Phosphate 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Monazite 0,0 0,9 0,0 0,0 2,8 0,6 0,1 1,1 2,4 8,0

Y-phosphate 0,0 0,6 0,0 0,0 1,7 0,2 0,2 1,3 1,1 5,1

Sphene 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Garnet 0,2 30,3 8,5 0,1 36,5 19,3 1,3 1,5 0,3 98,1

Kya/Sill 0,1 0,6 0,1 0,2 42,9 53,2 0,1 0,0 0,2 97,5

Staurolite 0,7 14,9 0,3 0,1 32,1 48,2 1,4 0,1 0,3 98,1

Zircon 0,2 0,3 0,1 0,1 29,5 0,0 0,1 0,1 63,6 94,3

Silicate 0,8 11,3 1,6 0,2 48,7 27,6 2,1 4,3 0,3 96,9

Unclassified 6,1 13,3 3,0 2,7 16,2 20,7 2,4 2,9 17,2 84,6

Category Ilmenite Leucoxene Rutile Ti magnetite Garnet Zircon Kya/Sill Staurolite Total

wt % 36,2 5,3 21,0 2,8 7,0 23,4 0,3 4,1 100,0

Heavy mineral

Average concentrate Raw sand

content Ilmenite Leucoxene Rutile Ti magnetite Category wt % wt %

TiO2 wt% 60,2 75,6 97,7 42,7 Ilmenite 30,2 27,3

Fe2O3 wt% 35,2 19,3 0,7 48,1 Leucoxene 4,4 4,0

MnO wt% 1,8 1,3 0,1 1,4 Rutile 17,5 15,8

Cr2O3 wt% 0,1 0,2 0,2 0,2 Ti magnetite 2,3 2,1

SiO2 wt% 0,7 1,6 0,4 2,7 Magnetite 0,0 0,0

Al2O3 wt% 0,7 1,4 0,3 1,0 Chromite 3,0 2,7

MgO wt% 0,7 0,2 0,1 2,5 Pyrite 0,0 0,0

CaO wt% 0,1 0,2 0,1 0,3 Phosphate 0,0 0,0

ZrO2 wt% 0,3 0,3 0,4 1,1 Monazite 0,4 0,3

Total 100,0 100,0 100,0 100,0 Y-phosphate 0,4 0,3

Sphene 0,0 0,0

Garnet 5,8 5,3

Kya/Sill 0,2 0,2

Average TiO2 content of all the TiO2 minerals: 72,7 Staurolite 3,4 3,1

Zircon 19,5 17,6

Average TiO2 content of all the TiO2 minerals excl. rutile: 61,0 Silicate 10,5 19,3

Unclassified 2,3 2,1

Valuable heavy minerals in raw sand: 75,25 Total 100,0 100,0

BV

22-01-2002

King Island/Tasmania

Naracoopa deposit

DuPont/GEUS

2000115

Acc. Voltage/Magnification: 17kV/50x 

Category

of the valuable Ti-containing minerals:

Weight percent on a mineral basis:Normalised average contents 

Valuable heavy minerals

250 µm

100 µm
2



Geological Survey of Denmark and Greenland
Thoravej 8, DK-2400 Copenhagen NV
Ph.:  +45 38142000, Fax: +45 38142050

Lab. Name: Analyzed by: BV
Submitter: Acc. Voltage 17kV
Date: 22-01-2002

Category Aspect ratio Circularity Perimeter (µm) Length (µm) Area (µm
2
) Total grains

Ilmenite 1,5 1,7 558 209 16316 435

Leucoxene 1,5 1,7 619 230 20705 50

Rutile 1,5 1,7 547 202 16209 228

Ti magnetite 1,5 1,7 481 177 12179 42

Magnetite 0,0 0,0 0 0 0 0

Chromite 1,4 1,7 516 192 15139 41

Pyrite 0,0 0,0 0 0 0 0

Phosphate 0,0 0,0 0 0 0 0

Monazite 1,5 1,6 435 156 9658 8

Y-phosphate 1,4 1,6 420 150 9251 8

Sphene 0,0 0,0 0 0 0 0

Garnet 1,5 1,9 582 229 17911 86

Kya/Sill 1,8 2,2 743 294 23578 3

Staurolite 1,5 2,0 783 312 28922 33

Zircon 1,5 1,6 475 170 12881 344

Silicate 1,5 1,9 766 301 30380 138

Unclassified 1,4 1,6 384 152 11383 79

DuPont/GEUS
2000115

Average grain parameters

Distribution of TiO2 content in Ti-minerals
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Geological Survey of Denmark and Greenland
Øster Voldgade 10, DK-1350 Copenhagen K
Ph.:  +45 38142000, Fax: +45 38142050

Sample Name: No. of frames analysed: 64

Lab. Name: No. of particles analysed: 1225

Date: Heavy minerals in raw

Submitter: sand (%): 47,59

Country: Comments:

Analyzed by:

Guard region:

Sieve:

Average content

Category TiO2 wt% Fe2O3 wt% MnO wt% Cr2O3 wt% SiO2 wt% Al2O3 wt% MgO wt% CaO wt% ZrO2 wt% Total

Ilmenite 59,7 33,6 2,1 0,1 0,8 0,8 0,6 0,1 0,3 98,3

Leucoxene 75,7 14,9 0,8 0,3 3,3 2,2 0,2 0,2 0,3 97,8

Rutile 95,2 0,9 0,1 0,2 0,6 0,4 0,1 0,1 0,3 98,1

Ti magnetite 41,1 47,4 1,1 0,2 3,1 1,6 2,1 0,1 1,3 98,2

Magnetite 0,6 70,8 0,2 0,2 9,0 7,4 0,7 0,3 0,5 89,6

Chromite 1,1 25,2 0,8 45,6 0,8 15,5 8,0 0,2 0,5 97,6

Pyrite 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Phosphate 1,3 2,6 0,0 0,0 0,0 43,9 0,3 2,9 0,0 51,1

Monazite 0,0 0,4 0,0 0,0 3,6 0,7 0,1 1,6 3,5 9,9

Y-phosphate 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Sphene 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Garnet 0,3 25,1 8,1 0,1 37,8 18,5 1,1 6,2 0,6 97,9

Kya/Sill 0,2 0,8 0,1 0,3 42,3 53,9 0,1 0,2 0,2 98,2

Staurolite 0,7 15,4 0,3 0,1 31,8 48,1 1,4 0,1 0,2 98,1

Zircon 0,2 0,4 0,2 0,2 29,4 0,1 0,1 0,1 64,8 95,4

Silicate 0,8 8,5 0,5 0,1 52,6 29,9 2,9 1,3 0,3 96,8

Unclassified 5,9 15,0 2,5 4,4 14,4 25,8 5,2 0,9 12,8 86,8

Category Ilmenite Leucoxene Rutile Ti magnetite Garnet Zircon Kya/Sill Staurolite Total

wt % 36,8 5,8 9,5 1,7 20,1 16,0 1,9 8,2 100,0

Heavy mineral

Average concentrate Raw sand

content Ilmenite Leucoxene Rutile Ti magnetite Category wt % wt %

TiO2 wt% 60,7 77,4 97,1 41,9 Ilmenite 28,2 13,4

Fe2O3 wt% 34,2 15,2 0,9 48,3 Leucoxene 4,5 2,1

MnO wt% 2,2 0,8 0,1 1,2 Rutile 7,3 3,5

Cr2O3 wt% 0,1 0,3 0,2 0,2 Ti magnetite 1,3 0,6

SiO2 wt% 0,8 3,4 0,7 3,2 Magnetite 0,7 0,4

Al2O3 wt% 0,9 2,3 0,5 1,7 Chromite 2,9 1,4

MgO wt% 0,6 0,2 0,1 2,2 Pyrite 0,0 0,0

CaO wt% 0,1 0,2 0,1 0,1 Phosphate 0,4 0,2

ZrO2 wt% 0,3 0,3 0,3 1,3 Monazite 0,5 0,3

Total 100,0 100,0 100,0 100,0 Y-phosphate 0,0 0,0

Sphene 0,0 0,0

Garnet 15,4 7,3

Kya/Sill 1,4 0,7

Average TiO2 content of all the TiO2 minerals: 68,4 Staurolite 6,3 3,0

Zircon 12,3 5,8

Average TiO2 content of all the TiO2 minerals excl. rutile: 62,2 Silicate 16,2 60,1

Unclassified 2,6 1,2

Valuable heavy minerals in raw sand: 36,51 Total 100,0 100,0

Acc. Voltage/Magnification: 17kV/50x 

Category

of the valuable Ti-containing minerals:

Weight percent on a mineral basis:Normalised average contents 

Valuable heavy minerals

300 µm

100 µm2

bv

17-10-2002

King Island/Tasmania

KI-02

DuPont/GEUS

2000277



Geological Survey of Denmark and Greenland
Øster Voldgade 10, DK-1350 Copenhagen K
Ph.:  +45 38142000, Fax: +45 38142050

Lab. Name: Analyzed by: bv
Submitter: Acc. Voltage 17kV
Date: 17-10-2002

Category Aspect ratio Circularity Perimeter (µm) Length (µm) Area (µm
2
) Total grains

Ilmenite 1,5 1,7 511 191 13782 383

Leucoxene 1,5 1,6 565 209 18498 45

Rutile 1,5 1,7 489 184 12384 99

Ti magnetite 1,6 1,8 470 178 10516 22

Magnetite 1,3 1,5 594 214 24226 5

Chromite 1,4 1,7 495 185 15381 31

Pyrite 0,0 0,0 0 0 0 0

Phosphate 1,9 1,5 1080 364 63965 1

Monazite 1,9 1,8 484 184 11108 8

Y-phosphate 0,0 0,0 0 0 0 0

Sphene 0,0 0,0 0 0 0 0

Garnet 1,5 2,0 647 262 20795 156

Kya/Sill 1,6 2,1 924 371 37326 10

Staurolite 1,6 2,1 779 319 26230 53

Zircon 1,4 1,7 454 166 11454 194

Silicate 1,5 1,9 754 300 29505 174

Unclassified 1,5 2,0 589 247 18146 44

2000277

Average grain parameters

DuPont/GEUS

Distribution of TiO2 content in Ti-minerals
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Geological Survey of Denmark and Greenland
Øster Voldgade 10, DK-1350 Copenhagen K
Ph.:  +45 38142000, Fax: +45 38142050

Sample Name: No. of frames analysed: 34

Lab. Name: No. of particles analysed: 559

Date: Heavy minerals in raw

Submitter: sand (%): 97,46

Country: Comments:

Analyzed by:

Guard region:

Sieve:

Average content

Category TiO2 wt% Fe2O3 wt% MnO wt% Cr2O3 wt% SiO2 wt% Al2O3 wt% MgO wt% CaO wt% ZrO2 wt% Total

Ilmenite 58,7 34,8 1,9 0,2 0,7 0,8 0,9 0,1 0,2 98,4

Leucoxene 72,8 21,8 1,0 0,1 0,9 1,5 0,1 0,1 0,2 98,5

Rutile 95,9 0,9 0,2 0,3 0,2 0,3 0,1 0,1 0,3 98,2

Ti magnetite 41,3 46,5 2,1 0,1 4,7 1,3 2,2 0,1 0,2 98,6

Magnetite 1,0 65,2 0,0 0,0 3,8 19,9 0,7 1,2 0,0 91,8

Chromite 2,1 26,8 1,1 43,6 0,4 15,6 8,3 0,1 0,2 98,3

Pyrite 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Phosphate 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Monazite 0,0 0,7 0,0 0,0 3,3 0,5 0,2 2,0 3,6 10,3

Y-phosphate 0,2 1,0 0,1 0,1 0,3 0,7 0,1 0,3 2,5 5,2

Sphene 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Garnet 0,3 30,0 9,4 0,1 36,6 18,2 1,2 2,5 0,2 98,4

Kya/Sill 0,1 0,7 0,0 0,1 43,1 53,6 0,1 0,0 0,0 97,7

Staurolite 0,7 14,7 0,3 0,1 31,6 48,4 1,4 0,1 0,3 97,5

Zircon 0,4 0,5 0,2 0,2 29,3 0,0 0,1 0,3 64,7 95,6

Silicate 2,3 15,4 1,3 1,3 40,0 33,3 2,7 0,8 0,1 97,2

Unclassified 8,0 26,0 3,7 5,8 15,0 25,6 3,4 0,6 6,8 94,9

Category Ilmenite Leucoxene Rutile Ti magnetite Garnet Zircon Kya/Sill Staurolite Total

wt % 60,8 6,9 5,4 3,2 16,5 5,0 0,2 2,1 100,0

Heavy mineral

Average concentrate Raw sand

content Ilmenite Leucoxene Rutile Ti magnetite Category wt % wt %

TiO2 wt% 59,7 73,9 97,7 41,9 Ilmenite 54,0 52,6

Fe2O3 wt% 35,4 22,1 0,9 47,2 Leucoxene 6,1 6,0

MnO wt% 2,0 1,0 0,2 2,2 Rutile 4,7 4,6

Cr2O3 wt% 0,2 0,1 0,3 0,1 Ti magnetite 2,9 2,8

SiO2 wt% 0,7 0,9 0,3 4,7 Magnetite 0,0 0,0

Al2O3 wt% 0,9 1,5 0,3 1,3 Chromite 5,3 5,2

MgO wt% 0,9 0,1 0,1 2,2 Pyrite 0,0 0,0

CaO wt% 0,1 0,1 0,1 0,1 Phosphate 0,0 0,0

ZrO2 wt% 0,2 0,2 0,3 0,2 Monazite 0,6 0,6

Total 100,0 100,0 100,0 100,0 Y-phosphate 1,3 1,2

Sphene 0,0 0,0

Garnet 14,6 14,2

Kya/Sill 0,1 0,1

Average TiO2 content of all the TiO2 minerals: 62,9 Staurolite 1,8 1,8

Zircon 4,4 4,3

Average TiO2 content of all the TiO2 minerals excl. rutile: 60,3 Silicate 1,8 4,3

Unclassified 2,3 2,3

Valuable heavy minerals in raw sand: 86,44 Total 100,0 100,0

Acc. Voltage/Magnification: 17kV/50x 

Category

of the valuable Ti-containing minerals:

Weight percent on a mineral basis:Normalised average contents 

Valuable heavy minerals

300 µm

100 µm2

BV

17-10-2002

King Island /Tasmania

KI-06

DuPont/GEUS

2000281



Geological Survey of Denmark and Greenland
Øster Voldgade 10, DK-1350 Copenhagen K
Ph.:  +45 38142000, Fax: +45 38142050

Lab. Name: Analyzed by: BV
Submitter: Acc. Voltage 17kV
Date: 17-10-2002

Category Aspect ratio Circularity Perimeter (µm) Length (µm) Area (µm
2
) Total grains

Ilmenite 1,5 1,7 579 217 17542 314

Leucoxene 1,4 1,8 742 283 27140 23

Rutile 1,5 1,7 517 192 14547 30

Ti magnetite 1,6 1,7 480 180 12042 23

Magnetite 1,3 0,9 42 17 156 1

Chromite 1,4 1,7 632 236 20029 24

Pyrite 0,0 0,0 0 0 0 0

Phosphate 0,0 0,0 0 0 0 0

Monazite 1,3 1,5 437 152 10967 5

Y-phosphate 1,7 1,7 579 214 16763 7

Sphene 0,0 0,0 0 0 0 0

Garnet 1,4 2,0 824 328 31037 54

Kya/Sill 1,1 1,4 594 191 20254 1

Staurolite 1,7 1,9 587 234 17113 13

Zircon 1,3 1,6 529 194 15593 28

Silicate 1,3 1,6 602 224 23605 13

Unclassified 1,4 1,8 519 209 17277 23

2000281

Average grain parameters

DuPont/GEUS

Distribution of TiO2 content in Ti-minerals

0

5

10

15

20

25

30

30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 90 94 98
TiO2 (wt%)

M
in

er
al

 w
t%

Apparent grain size distribution of Ti-containing minerals

0

50

100

10 100 1000
Grain diameter (µm) 

C
um

ul
at

iv
e 

w
t%



Geological Survey of Denmark and Greenland
Øster Voldgade 10, DK-1350 Copenhagen K
Ph.:  +45 38142000, Fax: +45 38142050

Sample Name: No. of frames analysed: 62

Lab. Name: No. of particles analysed: 1137

Date: Heavy minerals in raw

Submitter: sand (%): 94,06

Country: Comments:

Analyzed by:

Guard region:

Sieve:

Average content

Category TiO2 wt% Fe2O3 wt% MnO wt% Cr2O3 wt% SiO2 wt% Al2O3 wt% MgO wt% CaO wt% ZrO2 wt% Total

Ilmenite 59,1 34,3 2,0 0,1 0,9 1,0 0,6 0,1 0,2 98,4

Leucoxene 74,5 19,4 1,3 0,2 0,8 1,8 0,2 0,1 0,2 98,4

Rutile 95,7 1,0 0,1 0,2 0,5 0,5 0,1 0,1 0,3 98,4

Ti magnetite 41,9 48,2 1,6 0,6 2,1 1,3 2,5 0,1 0,2 98,5

Magnetite 1,2 75,1 0,4 1,2 2,4 14,0 0,0 0,3 0,5 95,1

Chromite 1,0 24,9 0,8 50,5 0,7 12,6 7,7 0,1 0,2 98,4

Pyrite 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Phosphate 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Monazite 0,0 0,3 0,0 0,0 2,3 0,3 0,0 2,3 2,8 8,1

Y-phosphate 0,0 1,1 0,0 0,0 1,4 0,3 1,1 2,4 4,6 10,9

Sphene 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Garnet 0,3 27,4 9,9 0,1 37,3 18,4 1,3 3,1 0,3 98,1

Kya/Sill 0,4 0,6 0,0 0,3 42,9 53,4 0,1 0,1 0,2 98,0

Staurolite 0,6 16,1 0,2 0,2 31,0 48,5 1,3 0,1 0,1 98,2

Zircon 0,2 0,5 0,2 0,1 29,4 0,1 0,1 0,1 65,0 95,7

Silicate 1,2 14,0 2,0 0,3 42,1 33,7 2,4 1,0 0,2 96,9

Unclassified 2,5 13,3 2,6 5,7 8,1 40,3 5,0 4,4 1,0 82,8

Category Ilmenite Leucoxene Rutile Ti magnetite Garnet Zircon Kya/Sill Staurolite Total

wt % 67,5 5,0 4,2 4,3 11,4 5,2 0,1 2,2 100,0

Heavy mineral

Average concentrate Raw sand

content Ilmenite Leucoxene Rutile Ti magnetite Category wt % wt %

TiO2 wt% 60,1 75,6 97,3 42,5 Ilmenite 61,7 58,1

Fe2O3 wt% 34,8 19,7 1,0 48,9 Leucoxene 4,6 4,3

MnO wt% 2,1 1,3 0,1 1,6 Rutile 3,8 3,6

Cr2O3 wt% 0,1 0,2 0,2 0,6 Ti magnetite 3,9 3,7

SiO2 wt% 0,9 0,8 0,5 2,1 Magnetite 0,0 0,0

Al2O3 wt% 1,0 1,8 0,5 1,3 Chromite 5,4 5,1

MgO wt% 0,7 0,2 0,1 2,6 Pyrite 0,0 0,0

CaO wt% 0,1 0,1 0,1 0,1 Phosphate 0,0 0,0

ZrO2 wt% 0,2 0,2 0,3 0,2 Monazite 0,3 0,3

Total 100,0 100,0 100,0 100,0 Y-phosphate 0,1 0,1

Sphene 0,0 0,0

Garnet 10,4 9,8

Kya/Sill 0,1 0,1

Average TiO2 content of all the TiO2 minerals: 62,0 Staurolite 2,0 1,9

Zircon 4,8 4,5

Average TiO2 content of all the TiO2 minerals excl. rutile: 60,1 Silicate 1,8 7,7

Unclassified 0,9 0,9

Valuable heavy minerals in raw sand: 86,02 Total 100,0 100,0

Acc. Voltage/Magnification: 17kV/50x 

Category

of the valuable Ti-containing minerals:

Weight percent on a mineral basis:Normalised average contents 

Valuable heavy minerals

250 µm

100 µm2

BV

17-10-2002

King Island/Tasmania

KI-08

DuPont/GEUS

2000283



Geological Survey of Denmark and Greenland
Øster Voldgade 10, DK-1350 Copenhagen K
Ph.:  +45 38142000, Fax: +45 38142050

Lab. Name: Analyzed by: BV
Submitter: Acc. Voltage 17kV
Date: 17-10-2002

Category Aspect ratio Circularity Perimeter (µm) Length (µm) Area (µm
2
) Total grains

Ilmenite 1,5 1,7 536 200 14807 667

Leucoxene 1,6 1,7 585 218 17431 42

Rutile 1,5 1,8 482 183 11388 48

Ti magnetite 1,4 1,7 474 179 11397 52

Magnetite 1,3 1,4 143 48 1136 1

Chromite 1,4 1,7 526 197 14177 54

Pyrite 0,0 0,0 0 0 0 0

Phosphate 0,0 0,0 0 0 0 0

Monazite 1,5 1,8 335 126 5470 7

Y-phosphate 1,4 1,3 338 99 6934 2

Sphene 0,0 0,0 0 0 0 0

Garnet 1,5 2,0 556 221 14802 127

Kya/Sill 1,8 2,6 579 241 12441 2

Staurolite 1,6 1,9 708 279 25861 15

Zircon 1,4 1,5 408 143 10156 73

Silicate 1,4 1,9 573 226 17204 29

Unclassified 1,2 1,6 407 154 13699 18

2000283

Average grain parameters

DuPont/GEUS

Distribution of TiO2 content in Ti-minerals
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Geological Survey of Denmark and Greenland
Øster Voldgade 10, DK-1350 Copenhagen K
Ph.:  +45 38142000, Fax: +45 38142050

Sample Name: No. of frames analysed: 75

Lab. Name: No. of particles analysed: 772

Date: Heavy minerals in raw

Submitter: sand (%): 44,40

Country: Comments:

Analyzed by:

Guard region:

Sieve:

Average content

Category TiO2 wt% Fe2O3 wt% MnO wt% Cr2O3 wt% SiO2 wt% Al2O3 wt% MgO wt% CaO wt% ZrO2 wt% Total

Ilmenite 59,3 33,5 2,2 0,1 1,1 0,8 0,6 0,1 0,3 98,2

Leucoxene 75,2 19,0 1,0 0,2 0,6 1,4 0,3 0,3 0,2 98,1

Rutile 95,2 1,1 0,2 0,2 0,7 0,3 0,1 0,1 0,5 98,4

Ti magnetite 41,4 44,7 1,2 0,1 6,3 2,0 1,7 0,8 0,0 98,2

Magnetite 0,4 79,3 0,0 0,2 2,5 12,5 1,4 0,3 0,2 96,8

Chromite 0,3 21,3 0,6 47,1 0,4 19,3 8,5 0,1 0,0 97,7

Pyrite 0,0 44,3 0,0 0,0 0,1 0,0 0,2 0,2 0,0 44,7

Phosphate 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Monazite 0,0 0,3 0,0 0,0 3,1 0,6 0,0 1,8 1,7 7,6

Y-phosphate 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Sphene 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Garnet 0,3 24,6 3,8 0,2 38,1 19,2 1,2 10,3 0,2 97,9

Kya/Sill 0,2 0,7 0,1 0,1 42,4 53,8 0,0 0,1 0,3 97,8

Staurolite 0,9 16,4 0,2 0,1 31,6 47,8 1,4 0,1 0,2 98,6

Zircon 0,2 0,5 0,1 0,2 29,5 0,0 0,1 0,1 65,3 96,0

Silicate 1,0 11,4 0,3 0,1 45,3 33,1 3,7 1,6 0,3 96,7

Unclassified 3,7 14,4 2,1 2,0 14,7 22,8 6,8 23,3 2,9 92,7

Category Ilmenite Leucoxene Rutile Ti magnetite Garnet Zircon Kya/Sill Staurolite Total

wt % 31,6 6,0 8,2 1,3 29,4 5,4 2,2 15,8 100,0

Heavy mineral

Average concentrate Raw sand

content Ilmenite Leucoxene Rutile Ti magnetite Category wt % wt %

TiO2 wt% 60,4 76,7 96,8 42,1 Ilmenite 13,7 6,1

Fe2O3 wt% 34,2 19,4 1,1 45,5 Leucoxene 2,6 1,2

MnO wt% 2,2 1,0 0,2 1,2 Rutile 3,6 1,6

Cr2O3 wt% 0,1 0,2 0,2 0,1 Ti magnetite 0,6 0,3

SiO2 wt% 1,2 0,6 0,7 6,4 Magnetite 0,5 0,2

Al2O3 wt% 0,8 1,4 0,3 2,0 Chromite 0,1 0,0

MgO wt% 0,6 0,4 0,1 1,8 Pyrite 0,2 0,1

CaO wt% 0,1 0,3 0,1 0,9 Phosphate 0,0 0,0

ZrO2 wt% 0,3 0,2 0,5 0,0 Monazite 0,0 0,0

Total 100,0 100,0 100,0 100,0 Y-phosphate 0,0 0,0

Sphene 0,0 0,0

Garnet 12,7 5,6

Kya/Sill 1,0 0,4

Average TiO2 content of all the TiO2 minerals: 68,4 Staurolite 6,8 3,0

Zircon 2,4 1,0

Average TiO2 content of all the TiO2 minerals excl. rutile: 62,3 Silicate 54,1 79,6

Unclassified 1,8 0,8

Valuable heavy minerals in raw sand: 19,22 Total 100,0 100,0

BV

24-10-2002

King Island/Tasmania

KI-10

DuPont/GEUS

2000285

Acc. Voltage/Magnification: 17kV/50x 

Category

of the valuable Ti-containing minerals:

Weight percent on a mineral basis:Normalised average contents 

Valuable heavy minerals

350 µm

100 µm2



Geological Survey of Denmark and Greenland
Øster Voldgade 10, DK-1350 Copenhagen K
Ph.:  +45 38142000, Fax: +45 38142050

Lab. Name: Analyzed by: BV
Submitter: Acc. Voltage 17kV
Date: 24-10-2002

Category Aspect ratio Circularity Perimeter (µm) Length (µm) Area (µm
2
) Total grains

Ilmenite 1,6 1,8 608 236 18761 142

Leucoxene 1,5 1,6 593 216 22166 23

Rutile 1,5 1,7 498 184 13015 48

Ti magnetite 1,5 1,9 675 275 21019 5

Magnetite 1,6 1,9 809 296 43845 2

Chromite 1,5 1,7 331 125 5078 2

Pyrite 2,5 2,2 1029 423 38740 1

Phosphate 0,0 0,0 0 0 0 0

Monazite 1,4 1,4 215 72 2545 2

Y-phosphate 0,0 0,0 0 0 0 0

Sphene 0,0 0,0 0 0 0 0

Garnet 1,5 2,2 802 330 29661 94

Kya/Sill 1,7 2,3 910 377 32463 8

Staurolite 1,6 2,2 983 410 41561 38

Zircon 1,4 1,5 418 147 10082 44

Silicate 1,5 1,9 1052 417 54070 331

Unclassified 1,5 1,7 509 206 18440 32

DuPont/GEUS
2000285

Average grain parameters

Distribution of TiO2 content in Ti-minerals
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Geological Survey of Denmark and Greenland
Øster Voldgade 10, DK-1350 Copenhagen K
Ph.:  +45 38142000, Fax: +45 38142050

Sample Name: No. of frames analysed: 49

Lab. Name: No. of particles analysed: 890

Date: Heavy minerals in raw

Submitter: sand (%): 41,82

Country: Comments:

Analyzed by:

Guard region:

Sieve:

Average content

Category TiO2 wt% Fe2O3 wt% MnO wt% Cr2O3 wt% SiO2 wt% Al2O3 wt% MgO wt% CaO wt% ZrO2 wt% Total

Ilmenite 58,3 33,4 2,0 0,1 2,1 1,0 0,7 0,1 0,3 98,1

Leucoxene 75,7 14,5 0,8 0,2 4,3 1,6 0,4 0,3 0,3 98,0

Rutile 95,0 0,9 0,1 0,2 0,8 0,4 0,1 0,1 0,4 98,0

Ti magnetite 41,9 44,4 1,2 0,1 6,1 1,1 2,1 0,2 1,0 98,1

Magnetite 0,0 89,1 0,0 0,2 3,8 3,2 1,2 0,2 0,1 97,9

Chromite 0,1 19,1 0,3 46,9 0,3 20,3 11,2 0,1 0,0 98,3

Pyrite 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Phosphate 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Monazite 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Y-phosphate 0,6 0,8 0,0 0,0 0,0 0,7 0,0 0,2 2,3 4,6

Sphene 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Garnet 1,1 19,7 3,0 0,3 38,7 18,5 1,7 14,3 0,8 98,0

Kya/Sill 0,5 0,2 0,2 0,2 42,7 53,8 0,0 0,1 0,3 98,0

Staurolite 0,6 15,3 0,2 0,1 33,4 46,9 1,3 0,1 0,3 98,0

Zircon 0,4 0,4 0,1 0,2 29,3 0,1 0,1 0,2 64,0 95,0

Silicate 0,8 10,1 0,2 0,2 51,1 27,4 4,3 2,4 0,2 96,7

Unclassified 8,8 17,9 1,6 0,5 21,5 16,9 1,2 6,6 10,2 85,2

Category Ilmenite Leucoxene Rutile Ti magnetite Garnet Zircon Kya/Sill Staurolite Total

wt % 32,6 10,3 9,4 3,0 33,3 5,1 3,6 2,7 100,0

Heavy mineral

Average concentrate Raw sand

content Ilmenite Leucoxene Rutile Ti magnetite Category wt % wt %

TiO2 wt% 59,5 77,3 96,9 42,7 Ilmenite 12,3 5,1

Fe2O3 wt% 34,1 14,8 0,9 45,3 Leucoxene 3,9 1,6

MnO wt% 2,0 0,8 0,1 1,2 Rutile 3,6 1,5

Cr2O3 wt% 0,2 0,2 0,2 0,1 Ti magnetite 1,1 0,5

SiO2 wt% 2,1 4,4 0,8 6,2 Magnetite 1,0 0,4

Al2O3 wt% 1,0 1,6 0,4 1,1 Chromite 0,1 0,1

MgO wt% 0,7 0,4 0,1 2,2 Pyrite 0,0 0,0

CaO wt% 0,1 0,3 0,1 0,2 Phosphate 0,0 0,0

ZrO2 wt% 0,3 0,3 0,4 1,0 Monazite 0,0 0,0

Total 100,0 100,0 100,0 100,0 Y-phosphate 0,0 0,0

Sphene 0,0 0,0

Garnet 12,6 5,3

Kya/Sill 1,4 0,6

Average TiO2 content of all the TiO2 minerals: 68,3 Staurolite 1,0 0,4

Zircon 1,9 0,8

Average TiO2 content of all the TiO2 minerals excl. rutile: 62,4 Silicate 59,6 83,1

Unclassified 1,4 0,6

Valuable heavy minerals in raw sand: 15,81 Total 100,0 100,0

Acc. Voltage/Magnification: 17kV/40x 

Category

of the valuable Ti-containing minerals:

Weight percent on a mineral basis:Normalised average contents 

Valuable heavy minerals

450 µm

100 µm2

BV

16-10-2002

King Island/Tasmania

KI-13

DuPont/GEUS

2000288



Geological Survey of Denmark and Greenland
Øster Voldgade 10, DK-1350 Copenhagen K
Ph.:  +45 38142000, Fax: +45 38142050

Lab. Name: Analyzed by: BV
Submitter: Acc. Voltage 17kV
Date: 16-10-2002

Category Aspect ratio Circularity Perimeter (µm) Length (µm) Area (µm
2
) Total grains

Ilmenite 1,6 1,7 453 168 10925 185

Leucoxene 1,6 1,7 545 203 16424 39

Rutile 1,5 1,7 424 158 9584 55

Ti magnetite 1,5 1,7 400 148 7702 23

Magnetite 1,5 2,5 1471 624 73904 2

Chromite 1,4 1,5 448 157 10771 2

Pyrite 0,0 0,0 0 0 0 0

Phosphate 0,0 0,0 0 0 0 0

Monazite 0,0 0,0 0 0 0 0

Y-phosphate 1,2 1,3 182 55 1984 1

Sphene 0,0 0,0 0 0 0 0

Garnet 1,5 2,1 759 311 27340 85

Kya/Sill 2,4 2,3 1112 460 44424 7

Staurolite 1,5 2,2 606 254 16374 12

Zircon 1,4 1,5 350 119 7072 43

Silicate 1,5 1,9 897 353 41017 405

Unclassified 1,3 1,7 428 175 12519 31

2000288

Average grain parameters

DuPont/GEUS

Distribution of TiO2 content in Ti-minerals
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Geological Survey of Denmark and Greenland
Øster Voldgade 10, DK-1350 Copenhagen K
Ph.:  +45 38142000, Fax: +45 38142050

Sample Name: No. of frames analysed: 37

Lab. Name: No. of particles analysed: 849

Date: Heavy minerals in raw

Submitter: sand (%): 32,39

Country: Comments:

Analyzed by:

Guard region:

Sieve:

Average content

Category TiO2 wt% Fe2O3 wt% MnO wt% Cr2O3 wt% SiO2 wt% Al2O3 wt% MgO wt% CaO wt% ZrO2 wt% Total

Ilmenite 58,5 33,7 2,1 0,1 1,6 0,8 0,6 0,1 0,3 97,9

Leucoxene 77,2 16,2 0,9 0,1 1,5 1,3 0,3 0,3 0,4 98,1

Rutile 94,9 1,2 0,1 0,1 0,8 0,5 0,1 0,1 0,3 98,1

Ti magnetite 42,5 43,9 2,0 0,1 3,4 0,6 1,8 0,2 2,4 96,8

Magnetite 0,4 81,9 0,2 0,3 6,0 7,5 1,1 0,0 0,3 97,8

Chromite 2,2 23,6 0,6 54,2 0,4 8,3 7,7 0,1 0,4 97,6

Pyrite 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Phosphate 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Monazite 0,0 0,3 0,0 0,0 1,9 0,0 0,2 2,7 3,7 8,8

Y-phosphate 0,0 0,6 0,0 0,0 4,1 0,0 0,0 2,6 6,3 13,6

Sphene 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Garnet 0,5 21,1 3,2 0,2 38,9 18,8 1,9 13,4 0,3 98,2

Kya/Sill 0,0 0,3 0,5 0,1 42,4 53,7 0,0 0,0 0,3 97,5

Staurolite 0,7 16,5 0,2 0,2 31,3 47,9 1,2 0,1 0,2 98,2

Zircon 0,3 0,4 0,2 0,2 29,5 0,0 0,1 0,1 64,7 95,4

Silicate 0,7 8,6 0,2 0,1 58,3 22,3 4,1 2,2 0,2 96,8

Unclassified 12,3 9,1 0,5 0,4 38,3 10,4 1,3 11,4 7,3 90,9

Category Ilmenite Leucoxene Rutile Ti magnetite Garnet Zircon Kya/Sill Staurolite Total

wt % 37,6 9,2 13,0 2,8 23,9 7,9 1,2 4,2 100,0

Heavy mineral

Average concentrate Raw sand

content Ilmenite Leucoxene Rutile Ti magnetite Category wt % wt %

TiO2 wt% 59,8 78,6 96,8 43,9 Ilmenite 18,1 5,9

Fe2O3 wt% 34,4 16,5 1,2 45,3 Leucoxene 4,4 1,4

MnO wt% 2,1 0,9 0,1 2,0 Rutile 6,3 2,0

Cr2O3 wt% 0,1 0,1 0,1 0,1 Ti magnetite 1,3 0,4

SiO2 wt% 1,6 1,5 0,8 3,5 Magnetite 0,7 0,2

Al2O3 wt% 0,8 1,4 0,5 0,6 Chromite 0,6 0,2

MgO wt% 0,6 0,3 0,1 1,9 Pyrite 0,0 0,0

CaO wt% 0,1 0,3 0,1 0,2 Phosphate 0,0 0,0

ZrO2 wt% 0,3 0,4 0,3 2,5 Monazite 0,3 0,1

Total 100,0 100,0 100,0 100,0 Y-phosphate 0,1 0,0

Sphene 0,0 0,0

Garnet 11,5 3,7

Kya/Sill 0,6 0,2

Average TiO2 content of all the TiO2 minerals: 69,6 Staurolite 2,0 0,7

Zircon 3,8 1,2

Average TiO2 content of all the TiO2 minerals excl. rutile: 62,4 Silicate 47,5 83,0

Unclassified 2,8 0,9

Valuable heavy minerals in raw sand: 15,55 Total 100,0 100,0

Acc. Voltage/Magnification: 17kV/40x 

Category

of the valuable Ti-containing minerals:

Weight percent on a mineral basis:Normalised average contents 

Valuable heavy minerals

450 µm

100 µm2

BV

17-10-2002

King Island/Tasmania

KI-16

DuPont/GEUS

2000291



Geological Survey of Denmark and Greenland
Øster Voldgade 10, DK-1350 Copenhagen K
Ph.:  +45 38142000, Fax: +45 38142050

Lab. Name: Analyzed by: BV
Submitter: Acc. Voltage 17kV
Date: 17-10-2002

Category Aspect ratio Circularity Perimeter (µm) Length (µm) Area (µm
2
) Total grains

Ilmenite 1,5 1,6 421 154 9610 239

Leucoxene 1,5 1,7 533 198 14083 40

Rutile 1,5 1,7 471 178 10856 66

Ti magnetite 1,4 1,7 437 165 9425 17

Magnetite 1,9 1,8 676 246 25438 3

Chromite 1,3 1,5 321 111 5981 11

Pyrite 0,0 0,0 0 0 0 0

Phosphate 0,0 0,0 0 0 0 0

Monazite 2,6 1,7 444 165 9423 4

Y-phosphate 1,5 1,4 375 118 8196 1

Sphene 0,0 0,0 0 0 0 0

Garnet 1,6 2,0 702 284 26072 63

Kya/Sill 1,3 1,6 559 211 20903 5

Staurolite 1,4 2,0 653 262 18019 17

Zircon 1,5 1,5 361 126 7224 65

Silicate 1,5 1,9 808 319 33928 302

Unclassified 1,8 2,2 951 401 37682 16

2000291

Average grain parameters

DuPont/GEUS

Distribution of TiO2 content in Ti-minerals
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Geological Survey of Denmark and Greenland
Øster Voldgade 10, DK-1350 Copenhagen K
Ph.:  +45 38142000, Fax: +45 38142050

Sample Name: No. of frames analysed: 64

Lab. Name: No. of particles analysed: 1069

Date: Heavy minerals in raw

Submitter: sand (%): 50,03

Country: Comments:

Analyzed by:

Guard region:

Sieve:

Average content

Category TiO2 wt% Fe2O3 wt% MnO wt% Cr2O3 wt% SiO2 wt% Al2O3 wt% MgO wt% CaO wt% ZrO2 wt% Total

Ilmenite 58,8 34,4 2,1 0,1 0,9 0,7 0,7 0,1 0,3 98,1

Leucoxene 75,0 16,3 1,1 0,3 1,3 1,5 0,3 0,3 1,1 97,2

Rutile 95,7 0,9 0,1 0,2 0,5 0,3 0,1 0,1 0,4 98,2

Ti magnetite 43,1 47,1 1,5 0,1 2,7 1,0 1,9 0,2 0,4 98,1

Magnetite 0,3 74,6 0,5 0,2 4,7 15,0 0,9 0,3 0,4 96,9

Chromite 0,5 21,8 0,7 54,0 0,4 11,8 9,2 0,1 0,2 98,6

Pyrite 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Phosphate 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Monazite 0,0 5,7 0,0 0,0 2,0 0,3 0,3 0,7 1,4 10,4

Y-phosphate 0,0 0,0 0,0 0,0 0,0 0,6 0,0 0,2 5,3 6,1

Sphene 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Garnet 0,3 28,1 8,1 0,1 37,4 18,5 1,2 4,1 0,2 98,0

Kya/Sill 0,1 0,3 0,3 0,1 42,5 54,1 0,0 0,0 0,1 97,6

Staurolite 0,8 15,9 0,2 0,1 31,2 48,7 1,3 0,1 0,3 98,5

Zircon 0,2 0,4 0,2 0,2 29,5 0,0 0,1 0,1 64,9 95,5

Silicate 1,4 8,2 0,2 0,2 55,8 24,2 3,7 3,0 0,3 97,0

Unclassified 9,4 14,8 1,2 1,9 13,7 22,3 4,5 0,3 19,1 87,3

Category Ilmenite Leucoxene Rutile Ti magnetite Garnet Zircon Kya/Sill Staurolite Total

wt % 34,1 6,2 16,9 2,5 19,0 15,0 0,0 6,3 100,0

Heavy mineral

Average concentrate Raw sand

content Ilmenite Leucoxene Rutile Ti magnetite Category wt % wt %

TiO2 wt% 60,0 77,2 97,5 44,0 Ilmenite 26,7 13,4

Fe2O3 wt% 35,0 16,8 0,9 48,0 Leucoxene 4,8 2,4

MnO wt% 2,1 1,2 0,1 1,6 Rutile 13,2 6,6

Cr2O3 wt% 0,1 0,3 0,2 0,1 Ti magnetite 1,9 1,0

SiO2 wt% 0,9 1,3 0,5 2,7 Magnetite 0,8 0,4

Al2O3 wt% 0,7 1,6 0,3 1,0 Chromite 0,9 0,4

MgO wt% 0,7 0,3 0,1 2,0 Pyrite 0,0 0,0

CaO wt% 0,2 0,3 0,1 0,2 Phosphate 0,0 0,0

ZrO2 wt% 0,3 1,1 0,4 0,4 Monazite 0,0 0,0

Total 100,0 100,0 100,0 100,0 Y-phosphate 0,0 0,0

Sphene 0,0 0,0

Garnet 14,8 7,4

Kya/Sill 0,0 0,0

Average TiO2 content of all the TiO2 minerals: 71,7 Staurolite 4,9 2,5

Zircon 11,7 5,8

Average TiO2 content of all the TiO2 minerals excl. rutile: 61,5 Silicate 18,2 59,1

Unclassified 1,9 1,0

Valuable heavy minerals in raw sand: 39,10 Total 100,0 100,0

BV

16-10-2002

King Island/Tasmania

KI-19

DuPont/GEUS

2000294

Acc. Voltage/Magnification: 17kV/50x 

Category

of the valuable Ti-containing minerals:

Weight percent on a mineral basis:Normalised average contents 

Valuable heavy minerals

300 µm

100 µm2



Geological Survey of Denmark and Greenland
Øster Voldgade 10, DK-1350 Copenhagen K
Ph.:  +45 38142000, Fax: +45 38142050

Lab. Name: Analyzed by: BV
Submitter: Acc. Voltage 17kV
Date: 16-10-2002

Category Aspect ratio Circularity Perimeter (µm) Length (µm) Area (µm
2
) Total grains

Ilmenite 1,5 1,7 473 176 12784 345

Leucoxene 1,5 1,8 596 227 18511 43

Rutile 1,6 1,8 512 193 13578 145

Ti magnetite 1,5 1,9 426 164 8804 34

Magnetite 1,5 1,9 564 219 16333 7

Chromite 1,4 1,6 414 154 9170 14

Pyrite 0,0 0,0 0 0 0 0

Phosphate 0,0 0,0 0 0 0 0

Monazite 1,2 1,3 137 38 1184 2

Y-phosphate 1,1 1,9 276 109 3152 1

Sphene 0,0 0,0 0 0 0 0

Garnet 1,4 2,1 692 282 23385 118

Kya/Sill 1,6 1,3 100 37 641 5

Staurolite 1,6 2,2 859 358 31210 31

Zircon 1,4 1,6 483 175 12805 146

Silicate 1,4 2,0 789 317 33815 151

Unclassified 1,5 2,1 658 280 19664 27

DuPont/GEUS
2000294

Average grain parameters

Distribution of TiO2 content in Ti-minerals
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