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SECTION 1

REPORTS PREVIOUSLY SUBMITTED

TO DEPARTMENT OF MINES

CRAE Report No. 12283

V. A. Williams "EL 43/70 Arthur River Area, Report on
Exploration for 12 Months to 15th October,
1983."

Covers first 5 drill holes (1557.5m) at
Lyons River and Arthur River with detailed
petrological and initial beneficiation
tests,

CRAE Report No. 12828

P. MacKenzie "EL 43/70 Arthur River Area, Report on
Exploration for 12 Months to 15th October,
1984,"

Covers 7 holes (LR5-LR11) at Lyons River, 5

TG.R g"_'_ _1_}_\\.". holes (LR3 to 7) ar Arthur River and one
hole at Cann Creek. Detailed mapping at
all 3 locations and initial bulk sample
tests at Pinner outcrop.

CRAE Report No. 12999

T. W. Dickson "EL 43/70 Arthur River Area, Report on
Exploration for 12 Months to 15th October,
1984."

qAeR ¥>-Lieq
L o& ¥ Second diamond drill hole at Cann Creek and
bulk sample tests at Humboldt Wedag A.G. in

Germany.

1985 Metallurgical Reports

Submitted as Annual Report for 1985
Report 1l: Process Engineering tests carried out with

magnesite for CRA, KDH Humboldt Wedag AG,
25th July, 1985.

1et H-7593
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Report 2: Process Engineering tests carried out with
magnesite for CRA, KDH Humboldt Wedag AG,

6th August, 1986,

Report 3: Process Engineering tests carried out with
magnesite for CRA, KDH Humboldt Wedag AG,

23rd August, 1986.

Refractory tests with magnesite floatation concentrate
carried out for KDH Humboldt Wedag AG by Refractories

Consulting and Engineering AG, Austria, 25th

CRAE Report No. 14728

F. R. Funnell "EL, 43/70 Arthur River Area,
Exploration for 12 Months to
1986."

Costeaning and collection of
for metallurgical test work.

Tel ®-r34g

February, 1986.

Report on
15th October,

bulk samples

-



7E516065

SECTION 2
GECLOGY



|
1
|
|
!
i
i

781666

LYONS RIVER - ARTHUR RIVER
MAGNLESITE DEPOSITS

N.W. TASMANIA

CRA EXPLORATION PTY. LIMITED



LOCATION AND ACCESS

Located at 145°24' East and 41°13' South (Lyons River)

approximately 35km south-west of Wynyard in North-West
Tasmania.

Access 1is via the Waratah Highway to Yolla and then hy
sealed and gravelled minor roads to the old saw-milling
centre of West Takone. An all weather forestry road
continues beyond West Takone, over the Arthur and Keith
Rivers and almost to the Lyons River. This road ends at the

Lyons River deposit and the road distance from Wynyard is
50km and 55km from the port of Rurnie.

TITLE

Area is held under Exploration Licence No. 43/70 owned 75%
by CRA Exploration Pty. Limited and 25% by Mineral Holdings
Australia Pty. Ltd. The Licence can be converted to either
a series of Mineral Leases or to a Retention Licence to
allow additional test work and evaluation.

HISTORY

Magnesite first identified in 1925 by P. B. Nye who assayed
"dolomite" outcrops on the Arthur River during dam site
investigation. Mineral Holdings Australia Pty. Ltd. have
held the area since 1970 and BHP, A.0Q0. {(Australia) and
Osterreichish Americkanische Magnesite A.G. (OAMAG) explored
the area north of Arthur River in the period 1971 tc 1973.

Mineral Holdings also located a number of isolated outcrops
in the Lyons River area and in 1982 CRAE recognised the

potential for large magnesite bodies and joint ventured the
area.

The first drill hole in December, 1982, intersected 369
metres of magnesite and dolomite and additional drilling
confirmed a large magnesite body at Lyons River.

Mapping in the Keith-Arthur River suggested a second large

body covered by alluvium and subsequent drilling has
confirmed this,

GEOLOGY

The magnesite deposits in the Arthur River region are
situated in a north-northeast striking belt of highly
deformed Precambrian rocks known as the Arthur Lineament.
The Arthur Lineament varies from 8km to 15km wide and
extends from Wynyard on the north-east coast to Granville
Harbour on the west coast. The Savage River iron ore
deposit occurs within the lineament 35km to the south-west
of the Lyons River.

781667
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The area north of the Arthur River is largely occupied by
Basal Permian tillites and mudstones and by Tertiary
basalts. These rocks effectively bury the Precambrian rocks
of the Arthur Lineament. A block of down faulted Permian
mudstones occurs to the west of the Lyons River - Arthur
River magnesite deposits.

The magnesite horizon is thought to be a conformable strati-
graphic unit with a thick sequence of quartz schist and
quartz-mica schists forming the hanging wall to the east.
The western footwall sequence is dominated by amphibolite
and pyritic siltstones. The Keith River gossan zone, which
occurs between the two magnesite bodies, is situated within
this sequence. Dips range from vertical to 70 degrees to
the south-east. '

The northern Keith to Arthur River deposit is covered by a
veneer of alluvial gravels from 6-20m thick. It occurs cover
a strike length of 3,500 metres and ranges in thickness from
150-400 metres. It has been tested by seven diamond drill
holes (1,642.8 metres) and the resource figure is approx-
imately 3 million tonnes/vertical metre. It extends to at
least 300 metres depth in drilling. High grade zones of
+40% magnesite within the deposit have average Fe203 1.57%,
Ca0 2.17% and SiO2 6.35%.

The Lyons River deposit occurs 4km along strike to the
south. This body is up to 400 metres thick over a strike
distance of at least 2,000 metres. The body grades to
dolomite to the south and pinches out to the north under
basalt cover. Magnesite is exposed over a vertical interval
of at least 130 metres and has been proved to a further
depth of 300 metres. Available tonnage is in the order of 2
million tonnes/vertical metre. The average of all +40% MgO
material contains 1.09% Fe203, 3.4% Ca0O and 7.2% SiOz.

The Lyons River deposit has been tested by 11 holes totall-
ing 2,635 metres. A number of bulk samples have been taken
for metallurgical evaluation.

Magnesite commonly constitutes 70% of the rock in the bodies
and is usually creamy white and has the texture of a fine
grained dense marble. The magnesite is easily distinguish-
able from delomite which is dark grey in c¢olour. The
dolomite occurs as distinct bands or as the matrix of
dolomite-magnesite breccias.

Much of the dolomite bands could be removed by selective

mining and, apart from bands of high grade magnesite, the
dolomite from dolomite breccias can be easily floated to

produce a high grade magnesite concentrate,

Metallurgical testing is currently underway and our ftuture
programme is to open up a large face across the body to test
selective mining and provide additional selective samples
for evaluation.
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Depth in Metres +35%
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1 389.0 217.6
2 418.5 269.7
3 367.5 15.0
4 37.0 ABANDONED -
5 452.5 217.5
6 223.0 101.4
7 176.d 131.90
8 59.0 -
9 209.0 79.1
10 138.0 31.0
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11 A 128.0 25.1
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HIGH  GRADE  MAGNESITE S AVAILABLE

EG BOTTOM  SECTION N HOLE [ R 1

Sampte 1055617
MgO
(a0
51.02
FE‘203
L0/

( 3626 - 368 9m
46.99
057
<05
0.71
513



EFFECTS  OF UPGRADING

5 metre sampie i photo 1056566 ¢ 125 - 130mer e

returns
Mgl &2 35
(al {07
5/02 387
F6203 0 38
L0 49 37

white Magnesite (9346762) Grey Dolomite (934763)
MgQ 46.0 MgO 252
(a0 0.40 (a0 17.7
Si0, 074 Si10; 13 3
F9203 0.59 FE'203 043
L.O1 516 Lol 411

‘High grade Magnesite { +45% Mg0 ) can be produced
by flosting out Dolomite and Quartz




SAMPLE 934762 DD83 LR2 317.0 Metres

Whita magnesite - minor dolomite veining.

A.  ANALYSIS % B.QUANTITATIVE MINERALOGY %
{ICP analysis by Amdel) (from XRD and chemical analysis)

510, 3.74 Magnesite 95.6

Al,0, <0.1C Dolcmite 1.3

Fe,0, 0.58 Quartz Q.7

Mgl 146.0 Talc

Cal 0.4C Chlorite

S04 <0.10 Tourmaline

L0I 51.6 [Fe,0,] 0.6

Boron [504]

C.PETROLOGY

Carbonate -

Quartz -

Other Minerals

Comments -

W.H.Fander Central Mineralogical Services
Dense, ultrafine (< 5u) ? magnesite or magnesite -

dolomite; thin pytgmatic dolomite veins, 20-300 u,
2-4% of rock.

Granular to euhedral, dispersed and associated with
veins; 20-500 u 1%.

None

Magnesite shows breccia structure which resul ted from
tectonism prior te 1ithification.
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SAMPLE 934762 (cont'd)

OBSERVAT IONS

The sample as it looks from the photograph is an almost pure magnesite
with very little quartz or a trace of dolimite veining. Despite the
white colour the 0.6% iron would appear to be held in the magnesite
lattice. The surrounding rock sample 1056564 315 - 320 metres
contains 8.8% dolomite (2.66% CaQ) and up to 10% quartz which should
1ike sample 934760 be contained in the dolomite veins. The iron
content of the 5 metre zone is almost identical (0.61%) and although
0.04% of this can be accounted for as pyrite (0.081% SO,) the

remainer (.57% must occur in the magnesite/dolomite lattices.



0 DOR3 LRZ 291.0 Metres

AMEL L 938760

Magresits oreciia with gray dolomite infal.

A, ANALYSIS : B. [QUANTITATIVE MINERALOGY %
CICP aralysis by fwdel) (from ¥RD and chemical analysis)

510, 2.94 Magnesite 61.3

£1,0. <0010 Dolomite 34.2

Fe.O. 0.57 Quartz 2.9

Mg 36.8 Talc

Cal 10.4 Chiorite

SG- 0.07 Tourmaline

L0 18.4 [Fe,0,] 0.6

Boror Not tested [S05]

C. PETROLOGY W.H.Fander Central Mineralogical Services

Carbounate - Dense, ultrafine (< 5 u) ? magnesite replaced by patches
veins of coarse, clear dolomite (30%) with associated
guartz.

Quartz - ctuhedral replacive crystals, and mosaics, in dolomite
VETINS.

Othar Minerals  None

Lomnents - Coarse, clear cerbonate in veins oroved to be dolomite,
sased un stain tests and XRD.
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SAMPLE 934760 (cont'd)

OBSERVATIONS

In this case the abundant grey matrix of the "breccia" did prove

to be doTomite. The quartz does occur in the dolomite and therefore
could be easily sorted from the white magnesite fragments. - see
photomicrograph below.

[t was originally thought that the black rims to the dolomite veins
and patches could be chlorite and that this would account for most
of the iron oxide. The rims actually contain traces of heavy
hydrocarbons which give the dark colour but this material would
burn up on calcining.

The composition of the surrounding interval - sample 1056559
290 - 295 metres is very similar to sample 934760 - a little extra
quartz and approximately 0.2% pyrite are the only real changes.

334760 Magnification 30x

Dolomite progressively replacing magnesite (dark), with euhedral quartz
crystals containing zones of carbonate inclusions.



SAMPLE 934756 DDB3 LRZ 161.0 Metres

Dark grey weakly banded dolomite

A. ANALYSIS % B. QUANTITATIVE MINERALOGY %
(ICP analysis by Amdel} {from XRD and chemical analysis )

510, 0.19 Magnesite -

Al.0s 20,1 Dolomite 99.3

Fe,0, 0.2 Quartz 0.2

Mg0 21.4 Talc -

CaQ 30.2 Chlorite -

S0, 0.02 Tourmaline -

LOI 47.1 [Fe,0,] 0.2

Boron 37 ppm [S0,] 0.02

C. PETROLOGY W.H.Fander Central Mineralogical Services

Carbonate - Finely crystalline dolomite {(XRD) with coarser
cloudy crystals; grain sizes average 25 u and
150 u. Dolomite veins {clear).

Quartz - Scattered crystals and mosaics, 50 u to 1 mm.
1%

Other Minerals Nane.

Comments - No magnasite detected by XRD. Quartz is authigenic



OBSERVATIONS

A pure dolumite sample. The interval surrounding it {sample 1056525
160 - 162.6 ) contains uch more silica (6.65%) while other section
of dolomite,samples 1056526, 1056527, contain 16 to 24% Si0,. The
504 content in sample 1056525 (0.06%) also indicates a trace of
pyrite. The boron content of 37 ppm indicates elevated byt
insignificant tourmaline content in thig sample, other dolomites
however do contain significant tourmaline (see sample 934763).

Amdel originally reported "clay™ in this sample and to evaluate
this Fander crushed and dissolved the sample in dilute HC1. He
reported: -

The residue comprised 1.9% of the sample and consists dominantly

of colourless tourmaline (eibaite) and quartz, with very minor 111ite-
sericite. The elbajte generally occurs as small needles and as
z9gregates of minute ( 10 u) stubby crystals. Dispersed fine
colourless tourmaline is very difficult to detect in a carbonate

host, and thin-section abservations suggest that the tourmaline

s ercatically distrihuted, which inevitably causes various

sampling probiems.

Photo demenstrating sharp contact and contrast between dolTomite (grey)
and magnesite {buff) in NDBI LR?2.
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NOTE TO: File

FROM: T. W. Dickson

Cann Creek Magnesite

Neil Thomas has recently opened up the largest and highest
grade of the Cann Creek magnesite outcrops. The outcrop is
approximately 10 metres north of Cann Creek and has been
exposed over a distance of 18 metres along an access track.
Dolomitic talc schist.is exposed for 15m to the west and 30
metres to the east of the cutcrop.

A costean was constructed 40 metres north of the track, but
only a very thin 0.2 metre section of badly weathered
carbonate was exposed in the 100m trench.

The amount of high grade magnesite available is therefore
severely limited and extends no more than 30 metres north of
the creek or approximately 1500 tonnes/vertical metres north
of the creek. This material averages 44.2% Mg0O, 3.6% Cao
and 1.0% $i0,. Iron is very low and averages 0.06% Fe,0,-

The magnesite does not outcrop south of Cann Creek, but a
drill hole (DD 85 CC 2) traverses the section 20m south of
the creek and at 100m depth. Only two thin dolomitic
magnesite sections, 35-37% MgO, 13-10% CaO0 and 6-8% S5iO

were intersected. There is no doubt that CC 1 traverse% the
full section even if the dip is slightly to the west. A
second hole, DD 84 CC 1, a further 450 metres to the south,
intersected only dolomite. It would appear that the good
grade magnesite facies changes to lower grade magnesite and
dolomite with depth and to the south.

It is probably very unlikely but even if the magnesite were
to extend to 100 metres south of the creek and could be
worked to a depth of 40 metres (a waste to ore ratioc of 2.2
to 1) then a maximum of 220,000 tonnes could be available
(very optimistic).

If the material north of the creek could also be worked to
40 metres below creek level, then an additional 65,000
tonnes of magnesite could be-available.
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The extent of magnesite south of the Cann Creek could best
be checked by a series of back hoe trenches at 40, 100 and
perhaps 150m south of the creek.

T. W. DICKSON
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SCOPE

This paper describes the conceptual operations and associated
costs involved in the production of magnesite (MgCO3) and

the production of magnesia (MgQ) from the Arthur River
magnesite deposit.

It assesses Wwithin the limits of present knowledge:
{a) the establishement of a small open pit at Lyons River;

(b) for a magnesite operation, the establishment of a
portable crusher at Lyons River;

(c) for a magnesia operation, the establishment of a
beneficiation and calcification plant at Lyons River;

(d}) the provisien for a bulk storage facility within
immediate locality of Burnieg;

(e) the provision for utilizing the Emu Bay Railway's bulk
ship loading facility at Burnie port;

(£) order of magnitude costs for the delivery of magnesite
f.o.b. Burnie port based on 250,000 t.p.a. sales;

(g) order of magnitude costs for the delivery of magnesia
f.o.b. Burnie port based on 100,000 t.p.a. sales;

CONCLUSTON
Based on present knowledge and assumptions;

(a) an order of magnitude operating cost of $30.00 per
tonne of saleable product is estimated for the supply
of 250,000 t.p.a. of magnesite product f.o.b., Burnie
port. No capital expenditure is envisaged;

(b} an order of magnitude operating cost of $155.00 per
tonne of saleable product is estimated for the supply
of 100,000 t,p.a. of magnesia product f.o.b, Burnie
port, A capital expenditure of around $30,000,000 is
estimated.
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TENEMENT
3.1 Mineral Title

Exploration License No. 43/70 of 310 sq. km. is
located in northwest Tasmania (refer fiqure 1},

In September 1984 E.L. 43/70 15 to be reduced to 125
sq. km,

1.2 Title Holder/Land Ownership

Mineral Holdings Australia Limited is the current
title holder of E.L. 43/70. <Crown land {(mainly
forestry) covers the immediate area of interest at
Lyons River. Arrangements to register CRAE's title
ownership has been initiated.

PROJECT TYPE

A joint venture between CRA Exploration Pty. Limited and

Mineral Holding Australia Pty. Ltd. commenced on 8th April
1982,

As at 30th June 1984, CRAE's cumulative total programme
expenditure was $737,161.00 earning 75% equity.

If MHA failed to contribute, CRAE could earn up to 90% equity,

GEOLOGY
5.1 Location and Access

Access to the main area of interest is via the Waratah
Highway to Henrietta then by sealed and gravelled
minor roads to the former saw-milling centre at West
Takone. An all weather forestry road continues beyond
West Takone over the Arthur and Keith Rivers and
almost to the Lyons River. The road terminates at the
Lyons River magnesite deposit,

The overall distance by road from the Lyons River
magnesite deposit to Burnie is 62 kilometres.

Topography in the area is rugged, with relief up to

400 metres and slopes locally up to 50 degrees.
Vegetation consists of horizontal scrub and valley
slopes and myrtle and churchwood forests on ridge tops.

5.2 General

The magnesite deposits 1n the Arthur River region are
situated in the N/NE striking belt of highly deformed
Precambrian rocks known as the Arthur Lineament {B8km
to lSkm wide)., The Savage River i1ron ore dand
magnesite daeposits occur within the Arthur Lineament
and are thought to be correlatives of si1mitlar rocks
within the Arthur/lLvons River cegion,
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The eastern hanging wall 1s underlain by guartz and
guartz mica schists, known as the Keith Schists and
the western footwall sequence 1s dominated by
amphibolite and pyritic siltstone.

The magnesite 1s considered to be derived by magnesium
metasomatism of dolomite. Magmesium rich sclutions
generated during metamorphism, result in the
replacement of limestone and dolomites by magnesites
which have 5i0; Fe;03 Al,03 impurities

inherent in the original carbonates in addition to the
varying proportions of unreplaced dolomite.

Detail geological mapping has shown the magnesite 1is
not continuous between the Lyons River and Arthur
River locally, but occurs in discrete intervals along
the magnesite/dolomite horizon.

DIAMOND DRILLING PROGRAMMES

AS at December 1984, five diamond drill holes involving
1627.75 drilled metres were completed within the Lyons River
locality and seven diamecnd drill holes, involving 1,611.6
drilled metres were completed within the Arthur River
locality. .

puring 1984 six diamond drill holes involving 970 drilled
metres were completed within the immediate area of DDH LR2 at
Lyons River, and one diamond drill hole involving 289 metres
was completed at Camm Creek,

RESQOURCE

7.1 Tonnes

A potentially large deposit of moderate to high grade
magnesite has been identified by geological mapping
and diamond drilling at Lyons River.

Evaluation of the deposit as delineated by the 'f@ll
in" 1984 six hole diamond drill programme is pending
analytical analysis. (refer fig. 2)

It is assumed a plus 25 million tonne magnesite
resource amenable to open-pit mining is delineated.

7.2 Grade

Based on a 40% MgO cut-off grade at a minimum five
metre interval the average analyses reported by each
diamond drill hole follows: :



Lyons

River

D.O.H.

DD8 2
pD8 3
DD8 3
DD8 3
DDg4
DD3 4
DD84
DD8 4
DD84
DD84

Arthur River

LR
LR
LR
LR
LR
LR
LR
LR
LR10

LR11A

el e B e e T N

D.D.H.

DD8 3
DD8 3
DD8 3
DD8 3
DD83

AR2Z
AR3
AR5
ARG
AR7

s

Y81005
4 -~
Locality
Cumulative HMgo Fe 50y Cao 5105 Al 50
Interval % % % % %
198.6 42.97 1.71 3.07 3.07 0.06
189.7 42.15 0.68 3.21 5.48 g.06
5.2 44,98 1.04 2,52 0.50 0.05
57.4 41.52 0.51 2.89 7.36 ¢.06
68.5 41.41 1.71 3.08 6.61 0.05
78.8 42.07 0.53 2.03 7.58 0.05
Awaliting assays
20.5 41.59 2.20 2.34 5.75 g.05
Nil
Nil
Locality
Cumulative MgQ Fe503 cag Si0jp Al 203
Interval % % % %
105.0 4} .61 0.70 2.60 8.12 0.405
81.0 42.39 2.16 2.24 4,47 0.11
1.0 43.94 1.12 1.55 4,02 D.05
79.1 41 .40 1.46 2.61 7.86 0.07
155.8 42,52 l.64 2,22 5.88 0.05

-

Typical grades of other oxides within
report as -

B203

MnG and Naj»O

SO3; KZO( TiOz,
P,05, PbO, 2Zno,
Cu0, Ni0O and BaO

MAGNESITE OPERATION:

B.1

8.1.1

the intervals of interest

less than 0.05%

less than 0.10%

less than 0.0l%

Description

Commodity

A natural cryptocrystalline magnesium carbonate MgCoj
called magnesite, is the saleable product., Product

quality is assumed to be satisfactory.

Production Schedule

Annual sales of 250,000 tonnes of crushed magnesite
product f.o.b. Burnie Port are envisaged.
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Mining Method
Open pit mining techniques are Lo be employed. A mining

contractor will be engaged to conduct all aspects of the

mining operation inclusive of site clearing and
preparation, drilling and blasting, loading and hauling
and waste dump maintenance.

Based on a waste to ore mining ratio of 1:1 the

following annual material movement schedule is required:

Waste Material 300,000 tonnes per annum
Magnesite Material 300,000 tonnes per annum
Total Mateﬁial Movement 600,000 tonnes per annum

Processing

A self-powered portable crushing and screening piant
is to be installed, operated and malintained by a
mining contractor. Run-of-mine magnesite is crushed
to minus 50mm plus 3mm product size. An undersize
reject of one tonne from every six tonnes crushed is
estimated.

L

Transportation

The crushed product is loaded into 20 tonne trucks and
hauled the 62 kilometres to Burnie, where the product
is stored in an appropriate storage facility provided
by the haulage contractor,

On demand the product is reclaimed from the storage
facility and hauled by 20 tonne trucks to the bulk

loading facility owned and operated by the Emu Bay

Railway at the Burnie port.

Shiploading

The Emu Bay Railway's bulk loading facility at Burnie
Port is available,

The product is stockpiled adjacent to the external
bulk loader feeder system (south of the existing base
metal concentrate storage shed). Front end loaders
will feed onto the main conveyor system, A maximum
loading rate of 500 tonnes per hour is estimated for
magnesite,

vessels of 25,000 tonne capacity can be accommodated,
Operating Costs

Mining

Based on Brambles indicative quotation,
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8.2.1.2

8.2.2

8.2.3
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Wasto Miniog

Unit activities 1nclude site preparation, {removal of
vegetation and topsoil) drilling, blasting, loading

and hauling to waste dump, and maintenance of Waste
dump.

300,000 t.p.a., @ $3.30 per tonne mined.
Magnesite Mining/Processing

Unit activities include drilling, blasting, loading
and hauling to portable crusher, feeding portable
crusher, crushing to minus 50mm plus 3mm, stockpiling,
and disposed of minus 3mm undersize,

300,000 t.p.a. @ $7.36 per tonne crushed.
Haulage

Based on Brambles indicative quotation, Unit
activities include reclaiming crushed product from
portable crusher stockpile, haul 62 kilometres to
storage facility at Burnie, store, and on demand
reclaim and haul to Emu Bay Railway bulk loading
facility at.Burnie Port, ({Involves double handling,)

250,000 t.p.a., of saleable product @ $11.20 per
tonne, 1i,e, around 18 cents per tonne per kilometre,

Bulk Loading

Based on Emu Bay Railway's indicative quotation. The
product is reclaimed from the temporary stockpile
adjacent to the base metal concentrate storage
facility and fed to the bulk loader at around 500
tonne per hour discharge rate,

250,000 t,p.a. of saleable product @ $3.00 per
tonne.,

A $1.05 per tonne bulk loading charge is payable to
the Marine Board of Burnie.

250,000 t.p.a. of saleable product @ $1.05 per
tonne.

Administration

Maintenance of the mining leases, administration of
the mining contract, preparation of mine planning
schedules/budgets/product specifications, drilling and
sampling analytical requirements, survey computations
and environmental monitoring requirements reguires the
following J.V. work force and equipment:
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J.V. Manager/Geologlst
F

b
2 X ield Assistant

Drilling and analytical work
Surveys

General Administration

inclusive of provision
for office and vehicles

Assistance re forestry
road maintenance

g.2.5 Operating Cost Sumnary

Activity

Mining -- waste

Mining and processing magnesite
Road haulage - mine site to Burnie
Bulk loading - Burnie Port

Bulk wharf charge - Marine Board
of Burnie

Project Administration

Total

Per tonne saleable product f.o.b.

MAGNESIA QPERATION
9.1 Description

9.1.1 Commodity

$100,000 per
$ 60,000 per

$ 50,000 per
$ 25,000 per

$100,000 per

$100,000 per

Unit Cost
$ per tonne
$ 3.30
$ 7.36
$11.20

$ 3.00

Burnie

781058

dannuin
annum

annum
annum

annum

annum

Annual Cost

$
$ 990,000
$2,208,000
$2,800,000
§$ 750,000
$ 262,500
$ 435,000

$7,.445,500

$ 30

A calcinated magnesium oxide #Mg0 called magnesia (dead
burned magnesite) is the saleable product.
gquality is assumed to be satisfactory.

9.1.2 Production Schedule

Proguct

Annual sales of 100,000 tonnes of magnesia product
f.o.b. Burnie Port are envisaged,
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Mining Method

Open pit mining techniques dare Lo be employed. A
mining contractor will be engaged to conduct all
aspects of the mining operation ilnclusive of Site
clearing and preparation, drilling and blasting,
locading and hauling and waste dump maintenance.

Based on a waste to ore mining ratio of 1:1, the
following annual material movement schedule is
required:

Waste Material 300,000 tonnes per annum
Magnesite Material 300,000 tonnes per annum

Total Material Movement 600,000 tonnes per annum
Processing

The process flowsheet and material balances involving
crushing, screening, precalcination, beneficiation
and final dead burning calcination is summarized in
Figure 3.

Crushing and Screening Plant

The following major equipment items are included in
this plant;

Truck dump hopper with grizzly 10m3 capacity
Primary (jaw crusher) 760mm x 510mm
Single peck Screen 50mm screen
Secondary {(Gyratory) crusher 710mm

Single Deck Screen 6mm screen
Hammer Mill 1270mm x 900mm
Rock breaker for lump ore

S5 X conveyors 600mm width
Radial stacker 15 metres
Front end Loader cat 920

Precalcination Plant

The precalcination plant comprises 2 x fluidized bed
calciners. Each calciner has preheating calcining
(750°C) and cooling sections and external ancillory
equipment, including feed and discharge conveyors,
surge bin fuel system and fluidized bed/water tube,
final cooler, dust cyclones, induced draft fan and
stack. Feed material is reclaimed from the crushed
ore stockpile by front end loader,
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Beneficration

A range of physical ocneticlation process are
applicable to magnesite, from the conventional such
as optical sorting, magnetic separation, flotation
and H.M.S. to the advanced, such as pressure
leaching., For this study recognition of an undefined
beneficiation unit activity 1s included.

Dead Burning Plant

The dead burning plant comprises 2 X fluidized bed
calciners 2.27m diameter and approximately lé6m high
operating in parallel.

Product Handling and Storaqe

Dead burned products are stored in silos from which
they are loaded by conveyor onto trucks for road
haulage.

Tailings bisposal

The tailings disposal system includes tailings pumps

and pipeline, initial dam construction decant tower

and outfall pipes,.

Service Facilities

Provision is made for;

(a) 10km of new 22kv overhead power line and 22kv
switchroom, sub-stations at the major plant

locations and a 2km 22kv overhead line to the
water supply pump station;

{b) a 4150 k1l per day water supply facility;
(c) an appropriate compressed air facility;
(d) heavy fuel o0il storage facility;

(e) cooling water system;

(£) sewage treatment plant;

(g) buildings and equipment associated with;

Administration
Laboratory
Workshop/Warehouse
Mobile Equipment Service
Magazines

Fire Station/Equipment
Change Room/Crib

Gale Housc/Weighbridqge
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Transportation

The magnesSlia product 15 loaded into 20 tonne trucks
and hauled the 62 kilometres to Burnie where the
product 1s stored i1n an appropriate storage facility
provided by the haulage contractor,

On demand the product is reclaimed from the Storage
facility and hauled by 20 tonne trucks to the bulk

loading facility owned and operated by the Emu Bay

Railway at the Burnie port.

Shiploading

The Emu Bay Raillway's bulk loading facility at Burnie
port is available,.

The product is stockpiled adjacent to the external
bulk loader feeder system {south of the existing base
metal concentrate storage shed). Front end loaders
will feed the product onto the main conveyor system,

A maximum loading rate of 500 tonnes per hour is
estimated for magnesia.

Vessels of 25,000 tonne capacity to be accommodated.

[N

9.2 OQperatint Costs

9.

2.

2.

1

Mining
Based on Brambles indicative quotation.
Unit activities include site preparation (removal of
vegetation and topseil) drilling, blasting, hauling
to crusher and waste dump, and maintenance of waste
dump.

600,000 t.p.a. € $3.30 per tonne mined
Processing

Basis: Sheddon Pacific Pty. Ltd. cost estimate.

annual Costs

Personnel $ 2,600,000
Fuel $ 3,950,000
Power $ 500,000
Operating Supplies $ 200,000
Malntenance Supplies % 500,000
Contingency @ 25% $ 1,850,000
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2.

2.

P2,

2.

Sub Total $ 9,000,000
plus
Beneficiation Allowance
($10.00 per tonne) £ 1,000,000
Total $10,000,000
Per tonne of saleable product 3 100
Haulage

Based on Brambles indicative quotation,.

Unit activities include reclaiming c¢rushed product
from silos, haul 62 kilometres to storage contents at
Burnie, store and on demand reclaim and haul to Emu
Bay Railway bulk loading facility at Burnie port.

100,000 t.p.a. of saleable product @ $11.20 per
tonne, i.e, around l8 cents per tonne per kilometre,

Bulk Ioading

Based on Emu Bay Railway's 1ndicative gquotation. The
product is reclaimed from the temporary stockpile
adjacent to the base metal concentrate storage
facility and fed to the bulk loader at around 500
tonnes per hour,

100,000 t.p.a, of saleable product @ $3.00 per tonne,

A $1.05 per tonne bulk loading charge is payable to
the Marine Board of Burnie,

Project Administration
A provision of $2,000,000 ($10.00 per tonne of
saleable product) is estimated for general project

administration and management.

Operating Cost Summary

Activity unit cCost Annual Cost
$ per tonne 3

Mining $ 3.30 $ 1,980,000

Processing $ 100.00 $10,000,000

Road haulage - nine
site to Burnie $ 11.20 $ 1,120,000
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Bulk loading - Buraie pPorct §

Bulk wharf charge -

Marine Board of Burnie LS
Project Administration $
Total

Per tonne of saleable
produce f.o.b. Burnie

Capltal Costs

Basis:

3.00 b 300,000

1.05 $ 105,000
20.00 $ 2,000,000

$15,505,000

$ 155

Sheddon Pacific Pty. Ltd. cost estimate.

Process Facilities

Crushing and Screening
Precalcination
Beneficiation

Dead Burning

Storage and. Handling
Tailings Disposal

Service Facilities

Power supply and distribution)
Water supply )
Compressed Air

Fuel Storage

Cooling Water System

Sewage Treatment

Communication

Site Works

Other

Building and Egquipment
Roads and Ccivil Works
Mobile Eguipment

Engineering Procurement and
Construction Management
Working Capital

Contingency @ 25%

Total

say

$

900,000
5,700,000
5,000,000
4,400,000

600,000

400,000

350,000
106,000
120,000
60,000
80,000
100,000

2,200,000
600,000
400,000

2,290,000
1,500,000
4,800,000
$29,600,000

$30,000,000
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TABLE 4

BEST RESULT FROM TESTWORK ON
TUE BASLS OF SIMPLICITY, SELECTIVITY,
CRADE AND RECOVERY (TEST 59)
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Table 6. Installed Magnesiam Produd ion Capacity (1476)

I'resductinn

capueity. Typeat
meleie prodductiom Mapnesnon
Country roducer tons/yr Process” sOuree
United States  The Dow Chemienl Col, Freeport, F1A MK F senwnler,
Texas dulomarte
NI Industrics, Howley, Utah 272 8K} E brine
American Magnesium, Snyder, ‘I'cxas 5,000 1 birine
Northwest Alloys, Addy, Washinglon 22,000) T dolomite
Norwny Norsk Hydro, Porsgrunn 50,000 B HEAWRLOT
brine,
dolomiue
France Sociélé Frangaise LOAKH) T dobinnite
d'Electrometallurgie, Marignac
[raly Sta. ltatiana PPer 1. Magnesio E Leghe 12000 T dolomite
)i Magnesio, Bolzano
Japan UBE ladustnies Lid., UKE 6,500 ‘I scawaler
The Furukawa Maguesium Co., Ld, 6,000 i) dolamite
Tuchgi
Canadu Chromascs, Haley, Ontarnie 9,000 T dalomite
USSH _ 720008 E carnallite

2 F = electrotvsis, T = thermal reduction
* Rstimated

duction for sale to magnestum consumiers lor a wide variewy od uses. Table b gives the
production statistics of vartous countries in recent years. Table 6 gives production
capacities.

Magnesium is the wortd s most readily available metal. The ocean is anenormaous
reservolr of mapgnesium, whereas other engineering metals face the eventual exhaustion
of therr most ecanamical ore bodies. Thus, it may be expected that magnesiun could
become increasingly more important in the future as costs of production of other
structural metals increase

Recause of magnesium’s low density, the unit volume cost of magnesium has often
been lower than that of other common structural metals such as aluminum and zine.
In 1915, the price of magnesium in the United States was $11/kg: it was reduced
steadily until it reached $0.45/kg i1 1943, From 1950 to 1971, prices increased pradually
and reached $0.8:4/kg for primary ingot. The price of magnesium began to escalate
appreciably in 1974 as a resubt of increased enerpy costs. The price history of mapne.
stum from 1943 to 1979 is shown in Table 7. .

The U.S. magnesium industry serves a wide variely of structural and nonstructural
uses. Consumption by principal uses i< given in Table 8,

Specifications
Commercial primary magnesium has a typcal purity ol ¢a 99.8%, which is suffli-

cient [or maost chemical and metallurgical uses. A typical analysis might be expected
to show about 0.00:3% each of aluminum and copper, 0.08% iron, .08% manganese,

. g o e e SR
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Sources:

World Magnesiuwm Production Capacity

Company

Brasiliero de Magnesio

Chrooasco Linired

Societe Francaise d'Electro-
petallurgie {SOFREY)

Societe Iteliena per 11}
Magnesio e Leghe di Hagnesio

Furulzve Hagnesium, Lrd.

Ube Industries, Lcd.’

.

Norsk Hydro
Various

Dow Cheaical Company

AMAX

Korthwest Alloys (Alcoa
Subsiciary)

Anericen Magnesivm Compeny

Hagnohron Oour Bela Stena

to begin production in 1982.
not included in total.

T84
Tablce 1
Aonuel
Capacity
Process {tons)
Mepmethermic 6,000 v
S1licothermic 11,000
Hagnethern 9,900~
Silicothermic 12,700~
Silicotherrmic 7,200
sfiicother=ic 7,200~
icotaeznlc !
Flectrolytic 55,000
Flectrolytic (71,000)%
Elecrrolytie 125,000
Electrolytic 28,000
¥agnetherm 24,000
Hectrolytic 10,000
¥Yagnerherm 5,000 ~
— N
TOTAL 301,500

.

/WY,

§3 o0 1fa

GSD

U.S. Bureau of Mines “inerals Yearbook, Cznadian Department of
Fnergy, Hines and Resources, Internarion2l Magnesium
Asgociation, and Pergscmal Communicarion.
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Table 2
Compariscn of Electrolytic and Matallothermic
Process for Magnesium Production
Electrolytic Metallotheroic
Curzent world capacity {(tons) 218,500 83,000
Maximum plant size (tons) 125,000 - 26,000
Average plant size 54,625 10,375 ¥
Inergy requirenecnts .

(kzh ther=al/1lb Mg) 42.8 41.1
Electrical energy requirezeacs 482 70Z
¥sticared capical cost for

nevw plant 4,500 3,500

($/annval ton capacity)
Sample planc size: 20,000
annual tous

77/m«w@4/ sty %/%’7 /%74
#/,

o~ /-/Cb,f_u.u.u,u(/ Wl M//// S/ ams
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Tabe 6. inglalled Magnesium Production Capacity (1978)

Privducuian
capciy, Type of
melric production  Magnesium
Country Priducer tons/yr process* SEeE
United Stater The Dow Chemical Co, Freepart, 115,K0) E seawaler,
Texas dolomite
NI, Indusiries, Rowley, Ulah 22,000 E brine
American Magnesium, Snyder, Texas 5,000 E brine
Northwest Alloys, Addy, Washingion 22,000 T dolomite
Norway Norsk Hydro, Porsgrunn 50,000 E seawater,
brine,
dolomite
France Sociélé Frangaise 10,000 T dolumite
d'Electrometallurgie, Marignac
Ialy Sta. Ttaliana Yer 1. Magnesio E Feghe 12,004 T dolomite
Di Magnesio, Bolzano
Japan URBE Industries Ltd.. UBE 6.500 T sepwaler
The Furukawa Magnestum Co, 1.1d 6,500 T dolomite
Tochgi
Canada Chromasco, Hatey, Ontario 5,000 T dolomite
LISSH 72,000% E carnallite

9 B = etectralysia, T = thermal reduction
* Estimated

duction for sale to magnesium consumers for a wide variety of uses. Table 5 gives the
production statistics of various countries in recent years. Table 6 gives produclion
capacities.

Magnesium is the world’s most readily available metal. 'The ocean is an enormous
reservoir of magnesium, whereas other engineering metals face the eventual exhaustion
ol their most economical ore hodies. Thus, it may be expected that magnesium could
become increasingly more important in the future as costs of production of other
structural metals increase.

Because of magnesium's low density, the unit volume cost of magnesium has often
been lower than that of other common structural metals such as aluminum and zinc.
In 1915, the price of magnesium in the United States was $11/kg; it was reduced
steadily until it reached $0.40/kg in 1943, From 1950 1o 1973, prices increased graduallv
and reached $0.83/kg {or primary ingot. The price of magnesium hegan to escalate
appreciably In 1974 as a result of increased energy costs. The price history of magne-
sium from 1943 to 1979 is shown in Table 7.

The U.S. magnesium industry serves a wide variety of structural and nonstructural
uses. Consumption by principal uses is given in Table 8.

Spedcifications
Commercial primary magnesium has a typical purity of ca 99.8%, which ts suf(i-

cient for most chemical and metallurgical uses. A typical analysis might be expected
to show about 0.003% each of aluminum and copper, 0.03% iron, 0.08% manganese,
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INTRODUCTION

CRA Services Ltd., in its letter dated 25th November 1983 (Refer
Attachment A), issued a study brief relating to the early
investigation of a nragnesite prospect in Tasmanda. The study,
which weas subsequently awarded to Shedden Pacifie Pty. Limited,
reguired preparation of order o magnitude capital and annual
operating cost estiwmates for the crushing, screening and
caleining plant and related services and facilities.

The nature of the required study was further defined in later
discussions with CRA staff to the extent that it should be based
cn a "standard" process flowsheet which assumes that the ore
behaves in an extremely favourable manner. CRA further required
that mining, beneficiation, atmospheric pollution control
facilities and all housing and commupity facilities be excluded
from the study. Other capital iems for the plant such as
crushing and screening, fuel supply, civil works, elcctric power,
tailings disposal, product storage are all included.
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PROZESS Fi.(WSHEET AND FETALLURGICAL PARAVMETERS

The stated criteriz Tor the study include leed to the crusher of
+H0% MpO nagresite ore at a rate of 300,000 tpa and a product of
100,000 tpa of +G7% lgd dead bturned magnesite. The implication
of thesz rigures is that the ore contains some 16% gangue
magerial end that a bensfilciation stage i1s necessary.

Although process =selection and estimates of costs for the
beneficiztion stape were czeluded from the scope of Lhe study, it
was necessary to briefly consider this process step in order to
deterpine the most appropriate approach to staging of the
calcination process.

& raonge of beneficiation processes are applicable to magnesite
ore and the selection of the appropriate process can only be made
at a much later stage in the project development. Such processes
depznd on the differernce in properties of the magnesite and the
gangue material., Processes can range from the conventional (such
as optical sorting, wmegnetic separation, fleotation, and HM3 or
air classification) to the advanced (such as pressure leaching).
Beneficiation may be carriecd out bhefore or after dead burning but
the former .is recommended as the gangue material would most
certainly cause sintering and reaction problems at the high
temperature of the dead burning process.

There would appear to be some advantage in recovery and operating
cconomies il a dry process achieves the reguired beneficiation as
compared with wet hLeavy wmedium separation or flotation. (Ref.
Attach. B describinz the process selection for the FIMISCO plant
in Greece). However, for the purpose of developing a "standard®
flowsneet, 1L has been assuned after discussions with CRA staff,
that a wet beneficiation process be assured and that allowance be
rade in the estimates for wet tailings disposal.

The process flowsheet, selected for this study, includes a
precaleining stage (750°C) followed by beneficiation and then by
the dead ourning stage (1650°9C). See Fig.- 1. The precalcining
step has been included for the following reasons:

Depending on the beneficiation process, therec may be
sigrilficant advantage in the fact that precalcining
incrcases the difference in specific gravity between gangue
and the magnesite thereby improving separation efficiency.
Typically the 56 of magnesite and gangue in the raw ore are
2.7-2.8 and 2.5-2.6 respectively. After precalcining (sof'L
burnirg) the SG's are 1.3-1.6 and 2.2-2.3 respectively.
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TASHANTAN MAGNES1ITE STUDY
Flg. 1 FLOWSHEET & MATERI&L BALAHCT

MINING © * EXCLUDED FROM
STUDY AT CRA
1 DIRECT ION
CRUSHING &
SCREEMING
SCRUEBING & () FINE QAE
DISCHARGE STQCKPILE
TO ATMOS. (5000 TONNES)

-0

DUST PRECALCINATION . E FUEL &

COLLECTICH - g 7150°C AIR
® TAILINGS
BENEFICIATION DISPOSAL
& LOSSES
scaugaIng ¢ (O
DISCHARGE @
TO ATHOS. ]

DUST . DEAD BURNING ] FUEL &
COLLECT ION e 1850°¢ ATR
SOFT BURNED DEAD BURNED
BY PRODUCT PRODUCT
STOCKPILE STOCKPILE
(500 TOWNES) { 2000 TONNES)

STREAM 1 2 3 4 5 & 7 8 9 10 11 12
ITONNES x 100C/YEAR
- Hglo3 251 251 251 17 12 - 1.5 - - 5 - -
- GANGUE %9 49 89 49 3 3 0.5 - - ng - -
- Mz0 - - - 112 106 97 14 - - [ - -
-~ Co2 - - - - - - - 122 5 - - -
- PRODUCTS OF
COMBUSTION - - - - - - - 218 69 - - -
- HWEAVY FUEL OIL - - - - - - - - - - 13 ]
- AIR - - - - - - - - - - 201 65
TOTAL 300 300 300 178 J 121 100 16 336 74 57 214 69
L:::::::::::::::::::::::ﬂL::::‘_‘:SE ::::::=4:::==:.’ ZZT===3C T=xXI¥T= ::2::::::::::::F::::=:: S=gs=-3®2 :::::::b:::::: ====Fsz3=¢2
\SILE
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Approxirately 80z of the heat reqguired for the overall
process is required for the endothermic reaction

1glly -> Mpo +  COp

Ir this is achieved at 7509C the kiln size is smaller and
the fuel consumption less than if the proeess is carried out
in a single stage al 18500°C.

It is preferable for operating and waintenance reasons to
have two Kilns operating at 750°C and two kilns at 1850°C
rather than four kilns at 1850°9C,

Table 1 indicates the order of magnitude estimztes of capital

cost for calciners and the respective fuel consumptions for a
number of schemes considered.

Table 1: Couparison of Benefication/Hard Burning Schemes

[ Approx.Total IHeavy Fuel 0il
Cost Consumption

Schemes Caleiners $ million {(tpa)

(Jan.1984)

Selected Scheng

Precaleining 2x2.76m dia,

Beneficiatien - 9.55 16,800

Hard Burning 2x2.27m dia.

Alternative Scheme A

Hard Burning 4%3.35m dia. 17.0 17,580

Beneficiation -

fAlternative Scheme B

Beneficiation -

Hard Burning Ix3.14m dia. 15.0 15,600

L
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The Tollowing additional) assunptions have been made in  the
selection of the flowsheel:

The benefiecation preocess will be able to achieve the
requirced degrec of gangue rejcction,

Carryover product from Lhe dezd burning stage will be
szleable as a =0ft burncd by-product. It would
alternatively be possible to consider pelletizing this
material and re-feed it to the dead burning stage.
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DESCRIPTION OF FACILITIES & BASIS FOR CAPITAL COST ESTIMATES
3.1V Crughing and Scorceninc Plont

i shi r screserdng an ce s=ssume
The crushin andéd scresrdng lant has been a d

operate or the same shift cycecle as the mine, i.e. 2x10 hr.

"3
&=

-3
o

shifts per day, 5 duys/week. Throughput rate is therefore
1200 trd. The crushed ore is delivered to a 5000 tonne
stockpile (% days capacity). The following major cqguipment

items are included in this plant:

. Truck Dunp liopper with Grizzly - 10m3 capacity

(

9

. Primary (Jaw) Crusher ~ T60mmx510mm
Single Deck Secreen — 24800mmx 1200w, %0mm sScreen
. Secondary (Gyratory) Crusher - 710mm
. Single Declk Seorcen - 3000mmx1200mm, Omm sereen
. Hawmmer Mill, Centre Feed - 12701 x900mm
. Rock Breaker {for Lump Ore
5 x Conveyors ~ 600mm width,varying length
Radial Staclker - 15m
Front End Loader - Cat 920 or equiv.

The capital cost cstimate for this plant is based on
factoring of current budget prices received from equipment

vendors.

3.2 Precalcination Plant

The precaleination plant ceumprizes 2 x [fluidized bed
caleinaps, 2.78Bim dia x  approx,16m high, operating in
parzllel. Each calciner has preheating, calcining (750°C)
and cooling sections and exterpal angillary equipnent
including feed and <cischarge conveyors, surge bin, fuzl

dust

system, a [fluidized bed/water tube final cooler,

cyclones, induced draft fan and stack, Feed material 1is

reclaimed from the crushed ore stockpile by front
loader.

cnd

This plant has been assumed to operate on 3x8 hr shifts/day,

T days/week with the feed rate consequently being 860 tpd.

The capital cost estimate for this plant is Dbased on

factoring from a recently completed more detailed study.
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3.3 Dead Luraing Plant

The doad burning plant cemprizes 2 » fluidized bed caleiners

2.72fu. dia  and  approxisately t6m  hipgh, operatiag  in
prarrallel. Fuch  caleiner has  prehceating,  desd  burning

(18506%C)  &and coolins scetions  and  external  ancillary
coiaipment  including surpe birn, fuel system, 2 fluidized
bog/water tubs final cooler, dust cyclones and induced draft
fan and stackh,

The capital cost estimate for this plant is based on
factoring frow a recently completed more detailed study.

3.0 Mroduet ond By-Product Handling & Sterare

Decad burned product and soft burned by-product are stored in
5ilos from which they are loaded by conveyor into trucks for
road haulage out. A storame capacity of 7 day's production
of dead burned magnesite has been allowed (i.e. 200¢ tonnes)
and 11 days of soft burned magnesite (i.e. 500 tonnes). The
following iteas of major c¢quipment are included in this
plant.

. Produet & by-product transfer conveyors
from the dead burning plant.
. M x Product silos -~ 6m dia. x 16m high
1 x By-Product silo - 6m dia. x 16m high
Reclaim conveyor and loadout facility.

The capital cost estimate {or this plart is based on current
budget prices from equipaent vendors.

3.5 Tailings Disposal

CRA Services requested an indication of capital costs for a
tailings disposal system as may be associated with a wet
beneficiation process. The capital costs associated with
such a system will vary considerably with the process and
the terrain.

The costs included herewith are factored from those
previously developed for a base metals bezneficiation process
in Tasmania. This tailings disposal system typically
included the tailings pumps and pipeline, initial dam
construction, decant tower and outlfall pipes.
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SUELDEN PACHEIS P10 LIMITED

Service Fagilitics

3.6.1

3.6.2

3.6.3

3.6.4

Poyer Supply & Dishpribution

The estimate of the cost of the power supply line has
been bazed on 10 kn of new 22 kV O,H. line connecting
to the EEC prid at VWest Takone. Mo allowance has
been wmade tor upgrading the existing linc between
Somerset and West Takone although some upgrade would
nost probably be necessary.

Distribution facilities coverd 1in the estimate
include a 22 kV switchroom, cabling, sub-stations at
the major plant locations and a 2 kn 22 kV O.H. line
to the water supply pump station.

Water Supply, Treatment & Distribution

It has been assumed that a wet beneficiation process
will be used and the water supply =system has been
based on a typical water usage for such a process,
The water rcauirenents for beneficiation
significantly dominate the total water requircments
as indicated in the following assumptions:

Beneficiation 4000 kl/day
Precalcining & dead burning 50 kl/day
Domestic/genaral 50 kl/day
Mine arex 50 kl/day

The estinated capital cost of the water supply as
included herein is for the totzl water supply system
and was factored from a previous study.

Compressed Ar Supply & Distribution

The capital cost estimote includes an allowance for a
small compressed air facility. It is assumed that
any wajor compressed air requircacnt for
beneficiation will be included in the beneficiation
plant estimate.

Fuel Storarge

The estimate includes a storage facility for 2 week's
supply of heavy fuel oil {approx, 700 tonnes).

The facility comprizecs I x 6m dia x 5.5m high storage
tanks, bunded enclosure, a puzping and distribution
system and a small diesel fucled steam gencrator to
provide heating for the storage tanks and tracing of
the oil 1linas, It is assumed that diesel fuel
atorage would be included as part of the mine
facilities.

3-3
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3.6.5 Coolineg Water Syslen

Cooling towers are included to provide the cooling
water requirasents for the precaleined and hard
burned produets.

3.6.6 Scyage Trealment

Allowence hus been made for sewage collection and
treatment in & small package unit.

3.6.7 Cormunication

Allowance has been made for connection to the Telecon
networdt and for an in-plant VHF radio communications
system.

3.6.8 Ruildings, Fittings and Service FEquipment

The estimate has bezen based on the following
assumption of building reguirements:

~

Aduinistration ~ 400 2
Laboratory - 100 @m?
Workshop/Warehouse - 1200 m?
Mobile Equipment Service - 200 m?
Magazines - 50 n?
Fire Station - 35 me
Change Room ~ koo m2
Crib ~ 100 w?
Galechouse

Allowvance is also made for the following fittings and
cquipment:

Office Furnishings & Equipment
Laboratory Equipment

Workshop Equipment

Fire Equipment

Mobile Maintenance Equipment
Vehicles

Weipghbridge

3.6.9 Roads and Civil Works

Al lowance has been made for site clearance
cartiworks, drainage, roads and hard standing, and
for tences and landscaping. The assumption has been
made that 3 k¥ only of access road will have to be
constructed.
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3.6.10 Other (osts

The allowance fop engineering, bprocuremcnt and
construction management has been included as M5 of
tlie capital cost. Working capital requircments have
been calculated as egual Lo two (2) months operating
cost.
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SHEDDEN PACIFIC PTY. LIMITED

uel Cost

Fuel costs were calculated on the basis of a delivered cost
of heavy fuel o0il of $220 per tonne. The diesel fuel
requirements for steam generation and front end loader
operation are based on a delivered cosat of 40c/litre,

Pow 0s

The power costs as estimated in this study include the
following:

Qperating
KK Hrs/year kKWh/yr.
Crushing & Screening 270 250x20 1.4x106
Precalc¢ining 800 350x24 6.7x106
Dead Burning 150 350x24  1.3x100
Site Services
(Process Plant only) 200 365x24 1.8x106
Water Supply
(Process Plant only) 5 365x24  .05x100

Total 11.3x106

Alternative Tariffs for power supply are:

Tapiff 86 - Demand

Coats per quarter

Supply charge $142.50

Demand $21.10/kW
Energy 3.06 cents/kWh

Tariff 11 - Energy
Costs per quarter

1st 150,000 kWh 13.2 c/kWh
Remainder T.5 co/kHh

with an B% rebate

Tariff 86 has opeen used in calculating the power costs for
this study.

0 ti | Mainte Supplies

Operating supplies have peen allowed at 10% of personnel
costs and maintenance supplies at 2% of capital cost.



SHEDDEN PACIFIC PTY. LIMITED

CAPITAL COST SUMMARY

p Faoiliti

Crushing and Screening
Precalcination

Dead Burning

Storage and Handling
Tailings Disposal

S Faciliti

Pawer 3Supply & Distribution
(All facilities)

Water Supply, Treatment & Distribution
(ALl facilities)

Compressed Air Supply

Fuel Storage {HFO only)

Cooling Water System

Sewage Treatment

Communications

Site Horks

Buildings and Equipment
Roads and Civil Works
Movile Equipment

Qther Costs

Engineering, Procurement &
Construction Management

Working Capital

Contingency €& 25%

Estimated Total Capital Cost

C$A1000
(Jan.1984)

900
5,700
¥,400

600

4oo

350
100
120
60
8o
100

2,200
600
400

2,290
1 ,500
4,800

24,600
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SHEDDEN PACIFIC PTY, LIMITED

OPERATING COST SUMMARY

The lollowing annual operating costs relate to the process Plant
only:

$A'00Q/vear
(Jan.198%4)
Personnel 2,000
Fuel 3,950
Power 500
Operating Supplies . 200
Maintenance Supplies 500
Contingency € 25% 1,850
Estimated Tot2l Annual Operating Cost 9,000
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At discusseed during our meeting on 24th Novemoer,
find attoched
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1983,
rigf technical informaticen note elaborating on
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G PO Pox 53810

Neibourna, Austraba 3001

Telphann (Arca Code 03)
Dircatling:. 659
Swilchbond 655 3333

Teteqrams. “Conng

Telex, AAZO10S

In Reply NMease Quote

please

Lthe nalure and scepe of the envisaged magnesite pracess plant,

Ant ardes 7
(January 196
nucessary fa

magnitude capitael and annual operating
4, Australian DolYlars) for the process
lities and services is rteqQuested.

b
C1

The study should incluce:

ditproxinately S man days will be involved.

Yoo

SLR

. of magnitude cost estimate.
totrdrlence with large calcining kilns is essential.

Bl ooy

Y
!

Co not hesjtate to contact me regarding any

. ' f]('u_'rt\ly

cost estimate
plant, and

{a) A brief description of the proposed plant facilities
and services.

(b) Significant metallurgical parameters and consumable

suages.

(c) Manpower requirements.,

(d) An appropriate breakdown of the capital and operating
costs.

Civan the terms of reference of the study, we éstimate that

“¢ ook forward to receiving confirmation of your company's
Interent re this enquiry together with industrial experience
wile of those persons who may be assigned to complete the
Construction and operating

aspect of this



3.
1
lr

5.

TASKAENT AN MAGH

=3
9
-y
-
3]
s

£5108 S1UDY

TECHNICAL INFORIATIUN

Locat;on

and Process Plant

Climg&g

Av max winler day temp
Av max summer day temn
Av Annual reainfall

Process Plant: Unit activities

Crushing, grinding, screening,

[

Producticn schedule

Ore type
Ore gelivered to crusher
Product produced

Procgct Crade

Premium grade magnesium

Continuoys process

allings Pispcsezl

Distance from plant
Services
Water Supply
Distance :
Height :
Power supply

Source

Transmission ext

To accompany letter of enguiry
to Kr K lMason of SPPL

Approximately 60 kms south
west ol the Port of Burnie
Remoi¢ area: no local infra-
structure,

70C
240C
2024 mm

calcining stocxkpiling.

fagnesite
300,000 tpa (minus 1 metre)
100,000 tpa (cdead burned)

+97% gD

:calcining at 1500° to 1800°C

apprax 1 km

Plant to source apprax 2 km
Plant above source approx 100
metres

State qgrid
Provide by State Government



10.

Dollar Terms

Costs to be expressed in January 1984 Australian PDollars,

EELLLEE}LUCOSJE*ESthHHEE

To reflect the design construction and commissioning of the
process plant, facilities required Lo maintzin the process plant
and services necessary toc operate the process plant. The
capital costl estimate will nolt include minec equipment and mine
fecilities or the general site administration facilities and
services

Operating Cost Estimate

To reflect annuel operating costs associated with the operation
and maintenance of the process plant. Labour up to the Praocess
Superintendant level 1s to be included,

3

Assume the +40% MgC magnesite are behaves in an extremely
favourable manner. The ore crushes and grinds with relative
ease and is thermally efficient during calcining.

For this exercise, no allowance should be made to enviromentally
control gas and noise emissions.
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Pure natural magnesitn is onc of the maoss
imporiaal r2e materials for the production of
deed-Durat megaasia, vanizh is used in the
manufocture of basic relra Ct“rv bricks. Purity of
the muagnosite is necessary for Gws puipans the
Leneficiation of magnosits ores is an impartant
step. Such ores usually coniein g siticzous onngue

m;:ericr! - sarnonting, dunite nogeaatita, free
sitica, eic. Dons2 mannasite hias an apparant

spocilic cravity (ASG) (Ll dar 'iur\ ﬂf 2.7-28
n/em? ; the siliceous gangue has a loveer ASG,
canerally 2.4-2.6 o/cm?” . Gravity concentration
methods can therefore bz cmployed: tha most
commonly used is the danzz-medio rrocess, epplied
either in cyclones or in static s2parators,

Some magnesite ores are not amenadle to gravity
concentration, because the conteingd magnesite is
porous and hus an ASG vary roar that of the
giangue. e general methed is apnlicable in thie
evenl. A preiiminary, of even in soma cares final,

concenirate can b obiained by magnatic separation,

vhnreby the ganguz is colivotad as the maa:
poriicr. 1is possible (o enbange the mognatic
precact:es of the ganaae by caloinaticn under
reGucny
method, ot it requires rathere o ponsive G inding;
the concentrate obtaiced Ly [latation toquires
calcination and briguciting steps in order 1o

conditions. ™ Ficistion is another possible

TRIGG!

yicld apradoct aniiable Tor dend barning,

A nev and inexpensive proaess, by which
caustic-calcinad mannosiz of high aualily is
recovered Trom eanneaiie ores, has been
developed” and s doscnilbd hcrr:; iLis genarally
applicable to all magnesite ores. By this proce:s,
the ore is calcined at a teraperature of 600-9007C
magniosite undergoes partial or complete
drcompostiion 1o caustic-calcined maynesia
according to the reaction

MgCO, -+ MgO + CO,

The temnerature of calcination is low enough fer
the nnlfrial to suffer no vhrinliage duo to

sinferitag; its ASG is thues vary low — 1.2-1 G ofoin?
v I T
010G
HJ
b .

[ ou

16

U S W . 1 | n I L 1

1} 09 Lo &G0 &00 1000
Termpargture, *C
Fig. 1 Combined OTA-DTG-TG diagram far pure magncsite!

taitial weright of sample, 416 m9

.

is typical, depending on the dearee of
decomposition. On the ather hand, tha gzngue dos
not undergo any 'uqm.lr lﬂl rhumr- Spart from
losing the baund wa v ASG, only siightly
affected by the c*'cm‘h(\n proenss, bocomes
2.2-2.3 g/crt. L Rgaesite, or rather
caustic-ecaleined macnesia, ts then easily
soparabile by dey or weet gravity inethods,
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a process wierehy crusdde magnesite veas suddenly
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crused a disintenratian of the

Fig.2 Corbined DTA-DTG-TO cingram: for gangue:
initial weight of sampie 375 Mg

conversion ook place cxplosively, and resulted in
Lursting of thz auartz crains and disintegration of
the magnesite particlesinwhich the quartz was
embrdded. The quarty dist thus !onrmd was easily
separaled frorn the coarser magnnsl par!:clcs
Mecloughtin® describad a process b,t “which
manresite and the sitica gangue wore heated at
500°C to drcompose magaesile. The calcined
material was rapidly cooled in water; the
dilierence in coniraction havween siica and Mg
matericl, aned
ctfecied at the same time ¢ 2chiment of MaO from
silica, The product thea pasesdd ihrough en agitator,
wiere Turthere Jitve ationy woan ochieved, due 1o
attreceo nd rhe Aitir 1hin

tvart ¢ by LI 1her

LOQ-7007C, mngnnsite decoinpores to MgD aind
CQ, ¢ the reaction abhsorbs approximatcly
24 keol/mnal, A 92700 1oss'ob waight accompanias this
Tt 1 1
Flecnpsite
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ma;nesfe
decomposition. The ore tested by us was from
Ormnm, northern Greeze, and had a stockviork
structure: it consisted of magnesite, serpenting
ar dunite veith verns of pegmatiee (secondary
formations), {ice filmlike quartz and silicificd
material {meognasite, serpentine, or dunite),
Magnresite specimens from the ores tastad showed
the typical BTA-TG-DTG diagram (Fig. 1};
prak temperature’is at 630-700°C, in agreement
1 T T 1
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Fig. 4

Loss of woighig rod aopacent 17mcilic cravity as

functions of timg snd (rmparatuie of calcination for panfue

with the generalty ceported values.! The dunite,
which conatittad the major part of the gangos,

shoveed the ypical DTA-TG

loss of wargh, mnindy doe 1o dehydration, v
r .

] 1

-DTG diagram
Ao, 23 evecen from the TG curve, a ceadual
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Figs. 3 and 4 show the exparimoentally dziermined
oo of woignt aed the ASG as functions of time and
temiperature of calcingiion for ayre marneaite and
ganiaue, respociively bt vess Toond that thers is
o dillieience in the decomipatition curvss lor

- vanous sice fractions ecamined. 11 s obyrious

thet the eptimal didfarence in the AYGS u,
obtained by celeining for 30 min at 7C
when megnesio attaing an .f..»(_» of 1.3--
andd the gangees 276G ol
temperaing e lovwnrs the fitLer hgure to 7 0 gfem?
\-'n'l'lh") iLalfee iinq the e, OFf coprss, hiere the
cnimad G eronce i abyicined in e y osiate,

” ot el e |rgrvi'hrLr' IO

sno’cC,
I r‘l (_l.r_rnJ
CColaimaany s hinyher

IS Mird
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e typicel gocomposition ol SWa (O}, | wath peak
lemperaturs ot A7 C I SOECIRent vt the
publiched valees ® Examination by Yoray

dif fraction sevenis thai e hydrated produect
consids of Btu, vath onty mimor amounis

of Mgl N ocan theelore be concluded that on
vretting the bubi of MO &5 hydrawed to Mgty |
and only a sinail portion rermaing unclmn(:r:.l. Un the
other hand, the vietted gangue absorhs only 45--10%
by weeight of water, and i1s ASG s only shichily
increased. There is then an ouerall decrease i the
diffarence of the ASGs aned qnpamuon i more

difiiculi in the wei siate, A dry gravity

separalion gneinad, srch as poeumatic separation,
—— e ——e—
is thus highly dasirable.

PILOTFLAMT TEGTS - SEPANATION IN DENGE RICUIA

After tha preliominary taboratory invesiigation,
pilot-plant 12ats vere conducted with the use of
dense-medin senaration in a cone {fFig. b}, The
run-of-mine ore, alter 2 medhantical preparation
and preliminary concentration siep as describag
balovs, veas crushed and screened 1o —17 42 mim
{vehiere the upper tmit was decided on the basis

of liberation cansicdlerations and the lower onrotnry
kiln feed requirements), and caleined in a rotery
Eila el fenaih 3 m o and duameoter 0.6 m, fired wish
diesel ¢il. The temperature was kept 8t 700-7507C,
The caleinad material was than screenod 19 producs
thron fractinons, =2, 2—12 ancd +12 mm., The
+12.mm fraciion was very lean tn calcinzd megasnsia

and was rejocied. This apprrently heppened bazouss 0

the farqer 135D particles, being friakle, were
ﬁ'ilog-‘nooumy cround by the hard gongue poriicies
in the rotary kiln, The —2-mm {raction was quite
rich in calcined magnesia, which could bo recovered
either 60 a ieliy-type pneumatic table for fine
particles or by floiation,

However, this fine fraction would create
difficultios uring the subszquent firing o
produce dead-burnt magnnsia, end therefore it wes
cxcludnd from tha total recovered magnesia.

~12-mm fr;-cnon wras treaied by the dens?:
.:ro"eqs in o cone, A suspension of FeSiand

magnetite in vaier, with spacific gravity 2,10 g/am?,

a5 used oa the dense mediom; its cattiing and
viseosity chiaracterisiics wware improved by szl
additions of Lantonite, The weights and chernicai
analyses of the products of the separation are . -~
givenin Fig. §

The ena ly"l of the float material in the
sink—{loat separation could be considerably
upgraded byy use of a lower-density medium,

This genarally rezulted in Towvr recoveries,

hownever, and it was not practiced, bocsuss it was
observed that nearly all e irnpurities in tha

float fraction vere magaetic and could be remmovad
by 2 magnetic < p::ration to give the final
concentrate shown in Fig. 5. As mentioned abova,
the concentrate is ma.nb, 1n .lln {form of hictQil,.
The equivelent amount in Rg( is 8.5% of the
crigiceal, vt chenucal analysis oot terred 1o 0 an
follu.r.'s. SICry 174, Ca():1.47%, Fe, 0,:00 e
The magnesie recovery (rom the ore is

ar

spproximatety G590

The

medis
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1. INTRODUCTION

This report summarises testwork conducted by the Metallurgical
Research Department of The Zinc Corporation, Limited at Broken Hill for
CRA Hesource Studies between 18th April, 1983 and lst May, 1984,

At this time work is continulng on the development of Elotation
techniques to provide a magnesite concentrate to meet specifications as
outlined by M.D. Laverty and detalled in the text of this report.

The work performed at Broken Hill has been in two parts, the first
being a study examining ore characteristics to select possible
concentration routes and the second concentrating on benefication by
flotation. Other test programs on gravity benefication and

_“hydrgﬁiigélg£gical refining have been conducted by separate organisatlons

withol e lnvolvement of this laboratory.

2. SUMMARY OF RESULTS

The work conducted by this laboratory to date has covered three
major areas; evaluation of the avallable mineralogical data, a brecad
study to lndicate possible benefication methods and the development of a
flotation process to produce the desired magnesite concentrate,

Examination of the mineralogical data indicated that th2 graln slze
of the ore is too fine for heavy medla separation methods. With the
majority of gralns in the slze range of 100 to 200 mlicrometres (um)
either yravity separation or Elotatlon would be applicable. Although
some lron sulphlides had been observed in the ore the quantity present was
not sufficient to account for the iron values given by chemical analysis.

Combining the mineralogical data with informatlon from the
literature, bench scale heavy liquld separation tests were performed to
confirm the grain size at which liberation took place, indlcate the
Eeasabiiity of gravity separation and to galn further information on the
presence of the iron. This testwork indicated that gravity separation
may be possible even though it is probable that only a small specific
gravity differential exists between dolomite and magnesite and further
testwork by Mineral Deposits Limited was recommended. It is believed
that this testwork indicated that this treatment method would be
unsuccessful. The presence of iron within the magnesite either as solid
solution or submicroscopic inclusions was confirmed.

Consequently development of a flowsheet Eor benefication by
flotation has proceded. Testwork in this area has progressed to the
stage where approximately 17% of the new feed material has been
concentrated into a fractlon containing 97.6% MgO, 1.29% Ca0O, less than
0.5% 510, and 1.29% Fey03. Methods of increasing the recovery of
magnesite to the concentrate by increasing selectlivity in the primary
float are belng investigated. Future work will include cleaning and
upgradling of intermediate products to increase recovery, optimisation of
grade and recovery, and budget type economic evaluatlon of alternative
flowsheets.



3.

3.1

2

3.

BROAD EVALUATION

The Alm of the Testwork

The testwork as initlated was conducted under the following aim:

"The objectlve of the initlal metallurglcal testwork is to
determine whether or not by applying bulk flotation or
heavy medla techniques, a substantial upgrading in Mg0
content can be achieved with a resultant dramatic decrease
in 5105, Al;03., Fey03, and Ca0: 1l.e. 1is it

posslble by simple benefication methods to produce a
magnesite concentrate that when dead burned at

approximately 1700°C will report the following order of
assay values:

plus
less
less
less
less

95% MgO

than
than
than
than

2.5% 5105
1.0% Alx04
1.0% Fej0q
2.0% Ccao

The abillity to produce a range of products at less
stringent assay values willl also be studled. The above
order of assay values represent the top quality, highest

value product type. We must be able to produce this type
of product”,

Twelve samples from DDHl and DDH2 were speciflied for testing and

are listed below:
DDHY

1055545
1055568
105557
1055606
1055608
1055612

DbH2

1056512
1056523
1096553
10565673
105656/
1056576

These samples were chosen by CRA Resouce Studles to represent
the variability of the orebody as it was known at that time.

Interpretation of the Data Available

The mineralogical and analytical data presented ln AMDEL reports
GS4660/83 and AC4660/83 and Central Mineralogical Services report

CHMS 83/3/8 were examined,

Examlnation of the sample in hand

speclmen was not possiblie for although some chemical analyses had

been conducted at the IC Assay Office all of the material available
had been crushed to minus 1.68 mm (10 mesh BSS).
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A literature survey lndicated that magnesite 1s recovered
commerclally from ores with silica. dolomite and calcite by both
heavy media separation and flotatlon. In general heavy medla
separation is applied to ores where satlsfactory benefication can be
achieved at a particle slze of 3 mm or qreater. Finer gralned ores
are ground and separated by selective flotation of first the sllica
and then the magnesite leaving a calcite/dolomite tail.
The above information can be summarised in the following manner:
{a) In most cases the graln slze of the magnesite and other
minerals in the Lyon's River Ore is less than 2 mm with the
majorlty being between 100 and 200 microns. Heavy media
separation 1s not feasible for materials of this size,. ~
(b) Gravity separation is applicable in the size range we are
looking at and although it is possible to test upgrading of
4 magneslte product on both table and spiral, the small SG
differential between dolomite (2.85 - 3.0) and magnesite
(30 - 3.2) may not be sufficient for good separation. v

(c)

(d)

o

In all of the 12 samples of direct interest magnesite is
the major component. Therefore, it will be preferrable to
remove the undesirable minerals from a high grade magnesite
tailing. There does not appear to be a commonly used
flowsheet For dolomite flotation with magnesite depressioan
although technical literature on flotatlon fundamentals
would suggest that it is posslible.

There 1ls no positive information which would indicate the
form of mineral containing the Al or the Fe. Analytical
work at Broken Hill suggests that in all but a very few
samples iron sulphlides are not present in significant
quantlities. It 1s possible that most of the iron is part
of the magneslite structure and therefore is not amenable to
benefication. The form of the Al is not clear with some
suggestion of clays but there has been no positive
identification of clay minerals. To our knowledge there
has been no work to determine the Mg:Ca ratio of the
dolomlte and so 1t is hard to predict how much Mg would be
rejected with the calcareous gangue. Results and assays
are therefore reported in two forms, as dead burnt products .
and as. reconstituted minerals where it has been assumed
that all Mg occurs as magnesite and all Ca 1s calcite.

Beneflcatlion of the Lyons River Ore could therefore be
possible by either gravity separation using equipment
typlcally used in the beach sand mining industry or by
flotation. 1In the latter case it would be preferable to
use a reverse Elotatlon process where the gangue nminerals
are floated from the desired product gliving a magnesite
rich tail as the "final concentrate”.

i

&
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Testwork

Because of the relatively small quantity of material avallable

in each of the twelve speciflied samples it was decided to prepare a
bulk sample to be used for flowsheet development. When a feasible
process had been developed for treatment of the representative bulk
testing of the individual samples could be undertaken to lndicate
variability within the orebody. Two bulk samples were prepared
from 52 samples originating in DDH 1 and 28 samples from DDH 2 as
recommended by CRA Resource Studles and as shown in Appendix 1.

While preparation of the bulk samples was taking place heavy
liquid separation (HLS) testwork commenced on two samples from the
twelve initially selected. The first sample Ho. 1055545 (see Table
3.1 below) was chosen as being Falrly typlcal of the ore while the
second, No. 1056576 was chosen because of its relatively high
dolomite : magnesite ratio. For comparison the testwork conductad
on these samples was repeated on the two bulk samples.

TABLE 3.1

SAMPLES SELECTED FOR HEAVY LIQUID SEPARATION

Identification Sample 1 Sample 2 Bulk 1 Bulk 2
1055545 1056576
DDH 1 DDH 2 DDH 1 DLDH 2
161-164m 375-380m
Chemical RAnalysis
5104 4.38% 3.02% 3.03% 4.96%
Al,04 0.05 0.05 0.0% 0.05
Fe,0q 0.534 0.92 1.721 0.721
MgO 44.20 41.32 43.13 42.73
Cao 1.311 5.45 2.61 3.02
LOI 49.02 49.35 49.38 48 .44
Dead Burn Assay
Maqneslte 86.7% 80.9% 85.4% 82.9%
Calcite 2.97 10.7 5.2 5.9
Quartz 9.8 5.9 6.0 9.6
(Fey04] 1.0 1.8 3.4 1.4
Other o 0.1 g 0.2

The specific aims of this testwork were to:

(a) Indicate the grain size at whlch liberatlion of magnesite from
the other ganque minerals occurred.

(b) Indicate Lf sufficient speclfic gravity differential existed
between the magnesite and the other mlnerals to allow gravity
separation to take place.
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This initlal serles of tests used tetrabromoethane (TBE) at SG
2.95 in an effort to separate quartz and calclte (2.7) and dolomite
(2.8 - 2.9) from the magnesite (3.0 - 3.2). The samples were slzed
on a total of 11 screens in a <2 series with apetures ranging from
1680 pm to 53 pm. The individual fractlons were subjected to HLS
and the recovery of the mlneral species to the slnks Eraction 1s
summarlsed as Flgqures 1-4. The following concluslions were drawn
from this data:

(a) A good separatlon between magnesite and the gangue minerals
can be achieved with HLS at SG 2.95. Separation is most
efficient between quartz and magnesite in all samples because
of the significant SG differential, Carry over of calcareous
gangue into the sink fractlon was significantly greater 1n
both the selected sample and the bulk sample from DDH 2.

This is probably due to a higher proportion of dolomite to
calcite and/or to a higher 5G of a Mg rich dolomite.

(bj High recovery of iron to the sinks can be explalned in two
ways: pyYrite identified as beilng present by mlcroscopic
examlnation, and solid solution Fe as seen in the Savage River
deposits. It was felt that some Fe could be removed by HLS
at SG 1.25 indicating the quantity of Fe present in each of
the above forms.

(c} To ensure that liberation had occurred it would be necessary
to grind the ore so that most individual mineral grains were
less than 600 pm. At slzes above 600 pm selectivity
decreased in both the No. 1 sample and the No. 1l bulk.
Although grinding to 600 pm gave reasonable liberation in the
No. 2 sample, the No. 2 Bulk sample needed further grinding to
425 ym to release both calcareous and siliceous gangue. The
decrease in selectivity below 75 microns in the individual and
bulk samples from No. 1 DDH is due mainly to the very slow
rates of settling and rising of these small particles. The
apparently consistent recovery of calcareous material to the
sink fraction in the No. 2 and No. 2 Bulk sample tests can
only be explained by extremely fine intergrowth of the mineral
specles or the presence of a Mg rich dolomite.

The concentrates produced, although not to specification, were
encouraging when the performance was considered over the slze range
most sultable for gravity separation. 1l.e. when the very fine and
the very coarse particles were disreqarded, The dead burn assays
of simulated gravity concentrates are compared in Table 3.2 below
while full test data is showmn in Appendix 2.

TABLE 3.2

STMULATED GRAVITY CONCENTRATES FROM HLS

Analysis No. 1 No. 2 No. 1 Bulk No. 2 Rulk Specification
- Mg0 95.77 92.29 93.07° 34.5 95.0
Cao 1 35 4 42 1 32 1 93 20
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A serles of HLS tests using Dilodomethane (SG 3.35) diluted
with benzene to produce a varylng heavy liquid S.G. was conducted on
the No., 1 Bulk sample. The aim of this work was to optimise
magnesite concentration and to improve iron rejection. The results,
summarised in Figure 5 show that although it is possible to reject
both siiica. calcareous gangue and a proportion of the iron minerals
from the magnesite by gravity methods it is unlikely that these
methods will successfully reduce the level of iron in the magnesite
concentrate. The mlnegraphic testwork reported in the following
section confirmed this point of view.

3.4 Mineragraphic Investiqation

The search for iron bearing minerals was carried out on a
small scale. Samples of four different mineral groups were
hand-picked from a sample of No. 1 Bulk and tested for composition
and S.G. The results of these tests are shown in Table 3.3.

As expected, the darkest mineral contained the most iron but
there was also significant iron in the almost “pure” magnesite
samples. 1Inclusions of lron sulphides where not visible indlcating
submicrospic particles or solid solution as the source of Fe. The
levels of iron in these minerals were more than double the 1% limit
set for the dead burned concentrate. Thls suggests that will be
impossible to produce a magnesite concentrate to iron speclfications

by physical means.

Specific gravity determinations on these minerals showed the
dark orange-brown mineral to be only marginally lighter than the
high magnesite minerals. The difference in specific gravity 1is not
large encugh to allow effective separation of the minerals.

TABLE 3.3

MINEGRAPHIC EXAMINATION OF HAND—PICKHED MINERALS

Mineral Group Mineral Assays Dead Burnt Mineral RAssays
Characteristic S.G. Fes03 % MgO % Ca0 % Si0, % Fe,03 X M30 % Ca0 % Si0y

1. Translucent :
White 2.997 1.153 45.91 0.621 1.519 2.34 91.66 1.26 3.08

2. Clear-vwhite,
Crystalline 2.90 1.926 37.69 6.28 T.41 3.60 70.5L L1.75 13.86

3. Translucent,
Coloured 2.975 1.230 46.06 0.%69 1.037 2.52 94.39 1.17 2.13

4. Orange-Brown 2.987 2.93 42.51 2.98 1.707 5.81 B4.36 5.91 3.39

ANT1R



J.% Conclusions

The first stage of the testwork indicated the following:

(a) Some of the iron in the Lyon's Rlver Ore is present as a
sulphide mineral but in general this is only a minor
quantity. ¥Most of the iron is present in intimate
assoclatlion with the magnesite.

(b) Liberation of the individual mineral specles takes place at
sizes ranging from 425 to 600 microns. At this size both
gravity separation and flotatlon are applicable.

{c) Heavy liquid separation indicates that gravity separation may
be feasible for the rejection of siliceous and calcareous
gangue and pllot scale studies were recommended. This
testwork was conducted by another laboratory under the
direction of CRA Resources and the results reported
independantly. It 1s believed that thils testwork was
unsuccessful .

(d) The production of a magnesite concentrate by flotation should
be possible although a flowsheet for the flotatlon of dolomite
calclite and silica from magnesite was not found in the
literature. A report of this testwork follows in Section 4.

q. FLOTATION TESTWORK

Following the initial testwork and confirmation that the Fe content
of the ore 1s primarily associated with the magnesite, revised target
specifications were advised by CRA Resocurces. A magnesite concentrate
with plus 97% MqO, 1.0% 5107 and Ca0:510, 2.0 was sought.

Secondary products would also be of interest if the above target could be
reached.

4.1 Literature Survey

As previously stated the literature has indicated that the
flotation of magnesite away from the calcareous ganqgue minerals is
being commercially practised but a method for the flotation of the
gangue minerals from the magnesite has not been Eound.

Because the Lyon's Rlver deposit is a high grade magnesite ore
it will probably be preferable to upgrade the magnesite by reverse
Elotation 1f a significant recovery of material to the magnesite
concentrate is possible. This will minimlise the size of equipment
needed for flotation product handling and alleviate the problems
assoclated with the flotation of a large quantity of material from a
relatively small gangue component. Testwork however, has included
schenes which do float magnesite. It may be preferable to use
direct flotation if the specified concentrate can only be produced
at low recovery of magnesite.

AN1D
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Testwork

Because of the better knowledge of the composition of the No. ! Bulk
sample it was selected for the prelimlnary testwork however, the second
phase of the study has been conducted on materlal from the No. 2 Bulk as
supplies of the No. 1 bulk were depleted. Grinding one kilogram of No. 1
Bulk sample at 50% sollds by welght In the laboratory rod mill for four
minutes gave the slze distribution shown in Table 4.1. Testwork has
indicated that a grind of elght minutes is necessary to give an
equivalent product wheh using the No. 2 Bulk samples. An 80% passing
size (P80) of 150 microns was selected as a starting point because it
placed the bulk of the material into a size ideally sulted for flotation
and gave good liberation whille minimising the production of fines.

TABLE 4.1

SIZE DYSTRIBUTION OF MAGNESITE AFTER GRINDING IN
THE LABORATORY ROD MILL AT 50% SOLIDS BY WEIGHT

Screen Apeture (pm) % Welght Retained Cumulative % Passing
420 0.01 99.99
300 0.43 99 .56
210 4.55 95.01
150 16.29 78.72
105 18.56 60.16
15 10.79 49.37
=15 49,37
100.00

Once an initial grind had been selected flotation testwork commenced
to test the flotatien response of the three baslic mineral specles with a
large number of possible reagents. This initial period required that
tests be performed 1n batches so that work could progress at a reasonable
rate in spite of long sample turnaround times. However, conscious effort
was made to balance the number of tests and therefore cost, with the rate
of progress. Initilally a total of fourteen tests was performed to
examine the flotation rates of the individual minerals both in
single-stage and multi-stage selective schemes.

Examination of the assays from the initial tests indicated two
silica collectors which appear effective. Tests with these collectors,
Aeromine 3037 and DUOMAC T. gave immediate success resulting in greater
than 90% recovery of silica in a relatively clean concentrate. For all
tests using these reagents de-silicated tall grades were less than 0.5%
silica.
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Separation of calcite and magnesite 1ls more difficult. HNumercus

collectors and depressants were tried with limited success. The latest
tests, however, have met with some success and selective collectors for
both calcite and magnesite have been found. Naphthenic acid has proven
moderately successful in producling magnesite concentrates of 95% MgO and
approximately 2.5% CaQ but the recovery to these concentrates was small.

The only reagent that has shown any selectivity for the flotatlon of
calclite is dodecylamine. 1In the best test to date a calcite concentrate
was produced with the dead burnt analysis of 81.4% HMgO, 16.7% Cca0O, 0.5%
5105 and 1.57% Fey03. Respective recoveries of Mgo and Ca0O from ¥ Paen e
the test feed were 15.75% and 46.35%. Thls represented 48.7% and 92.5% .
recovery respectively from the Eeed to the calcite,flotatfgaqstaga'3? the \
test. 1In terms of magnesite concentration the test 1s seen to be [
successful in that it produces a magneslite rich talling which meets [P
specification as well as a slightly lower grade magnesite concentrate”
Full detalls of thls test are shown as Flgure 6.

The areas which offer the greatest chance of improved performance
are the rejection of magnesite from the silica concentrate where
approximately 20% of the magnesite has been recovered, and rejection 1if
possible of the large quantity of calcareous material which has reported
to the intermediate magnesite concentrate 1.e, gqreater than 34% Cao
recovery. This latter area may be difficult wlth the No. 2 Bulk samples
and its higher dolomlte content.

Some 13 tests concentrating on these areas and investigating the
affect of changing variables such as grind and reagent addition rates
have been completed and the test samples submitted for assay. Analysis
of these results will indicate the possibility of improving performance
and give more information on the possible grade-recovery relationshlip fer
magnesite by direct and/or reverse flotation.

4.3 PFuture Work

To date all flotation testwork has been conducted as a simple grind
and float procedure. It is probable that the latest batch of tests will
show tmproved performance in the areas investigated but it is still
likely that further improvements could be achieved by reqrind and
cleaning of the individual concentrates. Although this is not always
easy with small samples on a laboratory scale it will provide useful
information should pllot plant evaluation follow.

Once the technlcally feaslble flowsheets have been outlined 1t will
be necessary to evaluate the economics and glve some indication as to
which one, if any. can be expected to be successful in commercial
operation. Base data is being collected to enable this study to proceed
as soon as the laboratory testwork has reached a sultable stage.

£V



COMPOSITION OF BULK SAMPLES

The bulk samples were produced by combining materlal from the

10.

RPPENDIX 1 - SAMPLES

following samples with the welght of sample usgsed being determined by the

length of core it represented.

Bulk 1 :

DDH Number 1}

Bulk 2 :

°

Sample
From
metres

139.0
182.9
296.9
341.5

Interval
To
metres

170.2
267.0
317.1
369.4

DDH Number 2

AN R

160.0
175.0
250.0
325.0
375.0

120.0
200.7
265.0
370.0
403.0

Sample Numbers

From

1055537
1055552
1055589
1055605

1056509
1056530
1056551
1056566
1056576

To

1055547
1055578
1055594
1055613

1056512
1056535
1056553
1056574
1056581



APPENDIX 2 — HEAVY LIQUID SEPARATION TEST DATA
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TABLE l: Sink Product For HLS of No. 1 Magnesite Sample with TBE at 5G=2.99%
WT FRACTION

SIZE WTS TO SINKS MgO Ca0 s10, Fe50q
1680 1.45 0.896 89.32 1.565 6.837 1.436
1200 T.42 Q.863 93.32 1.463 3.407 1.136
850 17.64 0.858 92.54 1.368 3.862 1.162
600 22.26 0.820 94.99 1.266 1.984 1.18%
420 13.73 0.860 95.25 1.280 .1.920 1.158
300 9.37 0.850 94.65 1.298 1.691 1.233
210 6.82 0.850 95.61 1.284 1.471 1.193
150 4.66 0.862 95.174 1.312 1.491 1.275%
105 3.41 0.627 93.06 2.711 1.009 2.426

13 1.90 0.846 94.717 1.591 1.495 1.440

53 1.20 0.827 85.02 3.302 10.12 1.509
—53* 10.14 1.000* 85.7 3.054 9.304 1.385%

*  Fine material

not treated by HLS but included for infcrmation.

TABLE 2: Sink Product for HLS of No. 2 Magnesite Sample with TBE at $G=2.95
WT FRACTION
SIZE WTH TO SINKS Mgo Ca0 510, Fex03
1680 5.70 0.785 390.96 4.654 2.049 1.966
1200 16,40 0.7 91.47 4.744 1.451 1.970
850 16.70 0.786 91.97 4.336 1.339 1.960
600 13.45 0.8C0 92.53 4.124 1.056 2.019
425 9.20 0.533 93.76 3.004 1,019 2.118
300 7.00 0.807 91.62 4.790 1.149 2.078
210 5.45 0.768 90.51 5.798 1.061 2.093
150 4.20 0.702 90.74 5.603 1.011 2,217
105 3.40 0.787 95,27 1.836 1.570 1.311
15 2.1% 0.7183 90.09 6.054 1.009 2.426
53 1.60 0.648 90.92 4.974 1.011 2.768
~53* 14.75 1.000* 81.07 12.02 4.579 1.970

601R
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TABLE 3: Sink Product For HLS of No. 1| Bulk with TBE at SG=2.95

WT FRACTION
SIZE WT% TO SINKS Mgo Cao 510, Fe0q
1680 0.73 0.887 90.53 1.895 4.062 2.864
1200 5.42 0.884 91.14 1.601 3.703 3.120
850 16.10 0.888 91.79 1.548 3.027 3.246
600 21.55 0.873 92.57 1.220 2.283 3.408
425 13.17 0.876 92.597 1,309 2.200 3.471
300 9.03 0.876 92.96 1.305 1.991 3.486
210 6.62 0.868 23.10 1.303 + 1.663 3.609
150 4.61 0.839 93.09 1.124 1.584 3.725
105 3.64 0.859 91.74 1.916 1.870 4.014
15 2.32 0.828 91.81 1.835 1.384 4.371
53 1.60 0.807 89.82 3.460 1.462 4.571
-53¢ 15.19 1.000 85.7% 4.704 4.685 4.171

TABLE 4: Sink Product for HLS of No. 2 Bulk with TBE at SG=2.95

SIZE WT% WI. FRACTION MgO cao 510, Fey0s
1680 5.95 0.802 92.02 2.406 3.901 1.455 .
1200 18.46 0.811 92.31 2.614 3.335 1.420
850 17.98 0.795 92.55 2.400 3.059 1.522
600 13.44 0.815 92.81 2.281 2.894 1.497
425 8.74 0.813 94.05 1.905 2.125 1.491
300 6.54 0.827 94.60 1.840 2.025 1.528
210 5.14 0.807 94.26 1.919 1.949 1.554
150 3.88 0.788 94.76 1.737 1.554 1.706
105 3.15 0.771 94.04 2.304 1.434 1.790
75 2.20 0.730 94.28 2.052 1.159 1.911
53 1.41 0.678 94.46 1.974 1.022 1.970
-53% 13.11 1.000 83.67 6.816 7.383 1.555
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FIGURE 1: Heavy Liquld Separation of Individual Slze Fractiocns
From Sample 1 Using Tetrabromocethane (SG = 2.95)
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FIGURE 2: Heavy Liquild Separation of Individual Size Fractlons
From Sample 2 Using Tetrabromoethane (SG = 2.95)
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FIGURE 3: Heavy Liquld Separation of Individual Size Fractlons
From No. 1 Bulk Using Tetrabromoethane {(SG = 2.95)
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FIGURE 4: Heavy Llquid Separation of Indlvidual Size Fractions
From No. 2 Bulk Uslngqg Tetrabromoethane (5G = 2,95)
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FIGURE 5: Recovery of Mineral Species to Sinks with HLS AT SG 2.95
and to the Floats with Cleaning at Higher SG's using
Bulk Sample 1 Used
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RPIGURE 6: Selective Flotation qiving a Magqnesite Rich Tall and an
Intermedliate Maqneslte Concentrate
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FILE NOTE 7.2.6 | "81t14
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MAGNESITE SPECIFICATION - Meeting with Tore Vraalstad, Norsk Hydro - .

Dated 12/11/86. New process, in Canada.

Ca0 less than 0.025 ratio but as low as possible
Mg0~ .

Acid soluble silicon - as low as possible
Mg0 graater than or equal to 46%
Fe

+ ) less than 1% combined
Al

Ni Tess than 2 gm/tonne; less than,ideal
S less than 40 ppm

Mn less than 250 ppm

B less than 40 ppm

Ti, no definite figure, goes with iron?
Cu) .

Pb) not sensitive except effluent discharge - so as
Zn) low as possible, less than 20ppm each
Cr)

P no edict

Zn less than 200ppm

BATH FORMULA

NaC1l - KC1

0.8 to 1.0

CaCly (+BaCly)

SIZING 5MM to 50FM {pitial
5 to 100MM {s possible
50M to 258M maybe

will advise what optimum is.

m,ém_

CC: Tom Dickson
John Danbar
JKH
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