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CONTENTS

Previous Reports Submitted to Mines Department

Geology and Ore Reserves

Lyons River

Arthur River

Cann Creek

Feasibility Studies

Description of Operations and Order of
Magnitude Cost Estimates for the Production
of Magnesite and Magnesium. Mineral
Resources Studies - April, 1984.

Tasmanian Magnesite Study
Preliminary Cost Estimate for Process Plant
Shedden Pacific pty. Limited

Tasmanian Magnesite Beneficiation
Progress Report on Test Work
Zinc Corp. Ltd., Broken Hill - May, 1984.
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Submitted as Annual Report for 1985

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

SECTION 1

TO DEPARTMENT OF MINES

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

Process Engineering tests carried out with
magnesite for CRA, KDH Humboldt Wedag AG,
25th July, 1985.

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

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

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

Second diamond drill hole at Cann Creek and
bulk sample tests at Humboldt Wedag A.G. in
Germany.

REPORTS PREVIOUSLY SUBMITTED

1 :

1985 Metallurgical Reports

V. A. Williams

Report

P. MacKenzie

CRAE Report No. 12828

CRAE Report No. 12283

CRAE Report No. 12999

T. W. Dickson
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CRAE Report No. 14728

Refractory tests with magnesite floatation concentrate
carried out for KDH Humboldt Wedag AG by Refractories
Consulting and Engineering AG, Austria, 25th February, 1986.

F. R. Funnell

781004

Process Engineering tests carried out with
magnesite for CRA, KDH Humboldt Wedag AG,
6th August, 1986.

Process Engineering tests carried out with
magnesite for CRA, KDH Humboldt Wedag AG,
23rd August, 1986.

"EL 43/70 Arthur River Area, Report on
Exploration for 12 Months to 15th October,
1986."

Costeaning and collection of bulk samples
for metallurgical test work.

3 :

2:

Report

Report
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LYONS RIVER· ARTHUR RIVER

MAGNESITE DEPOSITS

N.W. TASMANIA

eRA EXPLORATION PTY. LIMITED



GI=:OLOGY

HISTORY

TITLE

(Lyons River)
in No~th-West

oEast and 41 13' South
south-west of Wynya~d

LOCATION AND ACCESS

Located at 1450 24'
app~oximately 35km
Tasmania.

Mine~a1 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
a~ea.

Mapping in the Keith-Arthu~ River suggested a second large
body covered by alluvium and subsequent d~illing has
confirmed this.

Magnesite first identified in 1925 by P. B. Nye who assayed
"dolomite" outc~ops on "the A~thur River du~ing dam site
investigation. Mineral Holdings Australia Pty. Ltd. have
held the a~ea since 1970 and BHP, A.O. (Australia) and
Oster~eichish Americkanische Magnesite A.G. (OAMAG) explored
the area north of Arthur River in the pe~iod 1971 tc 1973.

Access is via the Wa~atah Hiqhway to Yol1a and then by
sealed and g~avelled minor roads to the old saw-milling
cent~e of West Takone. An all weather fo~est~y road
continues beyond West Takone, ove~ the A~thur and Keith
Rive~s and almost to the Lyons Rive~. This ~oad ends at the
Lyons River deposit and the ~oad distance f~om Wynya~d is
50km and 55km f~om the po~t of Ru~nie.

Area is held unde~ Explo~ation Licence No. 43/70 owned 75%
by eRA Exploration Pty. Limited and 25% by Mineral Holdings
Aust~alia Pty. Ltd. The Licence can be converted to eithe~

a se~ies of Mine~al Leases o~ to a Retention Licence to
allow additional test wo~k and evaluation.

The fi~st drill hole in December, 1982, intersected 369
met~es of magnesite and dolomite and additional drilling
confirmed a large magnesite body at Lyons River.

The maqnesite deposits in the A~thur River region a~e

situated in a north-northeast striking belt of highly
defo~med Precambrian ~ocks known as the A~thu~ Lineament.
The Arthur Lineament varies f~om 8km to 15km wide and
extends from Wynya~d on the no~th-east coast to Granville
Ha~bour on the west coast. The Savage River iron ore
deposit occu~s within the lineament 35km to the south-west
of the Lyons River.
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The a~ea no~th of the A~thu~ Rive~ is la~gely occupied by
Basal Pe~mian tillites and mudstones and by Te~tia~y

basalts. These ~ocks effectively bu~y the P~ecamb~ian ~ocks

of the A~thu~ Lineament. A block of down faulted Pe~mian

mudstones occu~s to the west of the Lyons Rive~ - A~thu~

Rive~ magnesite deposits.

The magnesite ho~izon is thought to be a confo~mable st~ati­

g~aphic unit with a thick sequence of qua~tz schist and
qua~tz-mica schists fo~ming the hanging wall to the east.
The weste~n footwall sequence is dominated by amphibolite
and py~itic siltstones. The Keith Rive~ gossan zone, which
occurs between the two magnesite bodies, is situated within
this sequence. Dips ~ange f~om ve~tical to 70 deg~ees to
the south-east.

The no~the~n Keith to A~thu~ River deposit is cove~ed by a
venee~ of alluvial g~avels f~om 6-20m thick. It occurs ove~

a strike length of 3,500 metres and ranges in thickness from
150-400 met~es. It has been tested by seven diamond drill
holes (1,642.8 metres) and the resource figure is approx­
imately 3 million tonnes/vertical met~e. It extends to at
least 300 met~es depth in d~illing. High grade zones of
+40% magnesite within the deposit have average Fe 20 3 1.57%,
CaO 2.17% and 5i0

2
6.35%.

The Lyons Rive~ deposit occurs 4km along st~ike to the
south. This body is up to 400 metres thick ove~ a strike
distance of at least 2,000 met~es. The body grades to
dolomite to the south and pinches out to the north unde~

basalt cove~. Magnesite is exposed ove~ a vertical interval
of at least 130 metres and has been proved to a furthe~

depth of 300 met~es. Available tonnage is in the o~der of 2
million tonnes/vertical metre. The average of all +40% MgO
material contains 1".09% Fe

2
0

3
, 3.4% CaO and 7.2% 5i02 .

The Lyons Rive~ deposit has been tested by 11 holes totall­
ing 2,635 met~es. A number of bulk samples have been taken
fo~ metallurgical evaluation.

Magnesite commonly constitutes 70% of the ~ock in the bodies
and is usually c~eamy white and has the texture of a fine
g~ained dense ma~ble. The magnesite is easily distinguish­
able from dolomite which is dark g~ey in colour. The
dolomite occu~s as distinct bands o~ as the mat~ix of
dolomite-magnesite b~eccias.

Much of the dolomite bands could be ~emoved by selective
mining and, apa~t f~om bands of high g~ade magnesite, the
dolomite f~om dolomite b~eccias can be easily floated to
p~oduce a high g~ade magnesite concent~ate.

Metallurgical testing is cu~~ently underway and our futu~e

p~og~amme is to open up a la~ge face across the body to test
selective mining and p~ovide additional selective samples
fo~ evaluation.



DD 82 LR 1 389.0 217.6 198.6

DD 83 LR 2 418.5 269.7 189.7

DO 83 LR 3 367.5 15.0 5.2

DO 83 LR 4 37.0 ABANDONED

DD 83 LR 5 452.5 21 7.5 72.3

DD 84 LR 6 223.0 101 • 4 58.5

DD 84 LR 7 176.0 131.0 76. 1

DD 84 LR 8 59.0

DO 84 LR 9 209.0 79.1 34.6

DD 84 LR 10 138.0 31.0 7.1

DD 84 LR 11 37.0 ABANDONED 3.7 o. 7

DD 84 LR 11 A 128.0 25.1 1.6

DRILL RESULTS - LYONS RIVER

Metres +40%
MgO

Metres +35%
MgO

Depth in
Metres

2634.5

Hole No.
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DD B3 AR I 13B.0

DD B3 AR 2 244.5 120.0 105.0

DD B3 AR 3 408.0 1BO.0 B6.6

DD 84 AR 4 32.0 ABANDONED

DD B3 AR 5 156. 2 27.6 15.0

DD 83 AR 6 382.0 236.B 93. 1

DD 83 AR 7 2B2.1 194.B 153.0

""S10-ln, ,.1.,'

'0, A-<--"' ....o hR.\LL

i-\<:>L0~ .

Metres +40%
MgO

Metres +35%
MgO

DRILL RESULTS - ARTHUR RIVER

Depth in
Metres

1642.B

HoI e No.
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E (j BOTTOM SECT/ON iN HOLE LR 1

HIGH GRADE "1ADNESITE IS AVAiLABLE
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Sample 1055612
MgO
(aD
Si02
F~03
L 0.1

{ 3626 - 368 9m ;- . -.

46.99
057

, 05
071

513



EFFECTS OF UPGRADING

.) metre sample in p1wto 1056566 f 12', UOmer,I"
returns

High grade Magnesite ( +45% MgO ) can be produced
by floating out Dolomite ,and Quartz

Drey Dolomite (934763)
MgO 252
[aD 177
S,02 133
Fe;03 043
L OJ 411

MgO 4235
[aD 4 01
Si02 387
Fe; 0.1 038
L 0./ 4917

White Magnesite (934762)
MgO 46.0
(aD 0.40
SiD; 074
Fe;Oj 0.59
L.OJ 51. 6

I
I
,

I
I

I
~
I

I
I
I
I
I
I
I

I
'I
I
I
I
I
I
I
I
I



Other Minerals None

SAMPLE 934762 0083 LR2 317.0 Metres

White magnesite - minor dolomite veining.

0.6

95.6
1.3
0.7

Magnesite
Oolomite
Ouartz
Talc
Chlorite
Tourmal ine
[Fe Z03 ]

[SO 3J

8.QUANTITATIVE MINERALOGY %

(from XRO and chemical analysis)

0.74
( 0.10

0.59
46.0
0.40

<'0.10
51. 6

Si0 2
A1 203
Fe 203
MgO
CaO
50 3
LOI
Boron

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

Ca rbona te Den se, ultra fine « 5u) ? magnes ite or magnes ite ­
dolomite; thin pytgmatic dolomite veins, 20-300 u,
2-4% of rock.

C.PETROLOGY W.H.Fander Central Mineralogical Services

Corrments Magnesite shows breccia structure which Y'esul ted from
tectonicm prior to lithification.

A. ANAL/SIS %

(ICP analysis by Amdel)
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SAMPLE 934762 (cont'd)

OBSERVATIONS

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% CaO) and up to 10% quartz which should
like 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% 50 3 ) the
remainer 0.57% must occur in the magnesite/dolomite lattices.



0.6

61. 3
34.2
2.9

Magnes ite
Dolomite
Quartz
Talc
Chlorite
Tourmal ine
[FezO,]
[503 r

_6_._QUAN_T II~IJ-'L~ ..--'21~I~RALOGY
(fronl XRO and chemical analysis)

W.H.Fc"der Central Mineralogical Services

Dense, ul trafine ( 5 uj ? magnesite replaced by patches
veins of C0arse, clear dolomite (30%) with associated
quartz .

.. Eur,edra] rcplacive crystals, and mosaics, in dolomite
veins.

2 . 9~
<:"O~lQ

0.5?
36.8
10.4
0.02

48.4
Not tee; I,ed

Quartz

Ccrrr:ll'nt', ~oarse, c.lear carbonate in veins proved to be dolomite,
based un stain tests and XRD.

Carbunate

C. PETROI.. OGY

A. MIAUSIS

SlO ,
A120,
Fe,O
i1g0
CaD
SO,
LOT
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934760 Magnification 30x

SAMPLE 934760 (cont'd)

~'8J033

prove
therefore
- see

OBSERVATIONS

•
, .J...

In this case the abundant grey matrix of the "breccia" did
to be dolomite. The quartz does occur in the dolomite and
could be easily sorted from the white magnesite fragments.
photomicrograph below.

It 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.

Dolomite progressively replacing magnesite (dark). with euhedral quartz
crystals containing zones of carbonate inclusions.
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Other Minerals None.

C. PETROLOGY W.H.Fander Central Mineralogical Services

A. ANALYSIS % B. QUANTITATIVE MINERALOGY %

(ICP analysis by Amdel) {from XRD and chemical analysis

Si0 2 0.19 Magnesite
A1203

~ 0.1 Dolomite 99.3
Fe 203 0.2 Quartz 0.2
MgO 21.4 Talc
CaD 30.2 Chlorite
S03 0.02 Tourmaline
LOI 47.1 [Fe 203 J 0.2
Boron 37 ppm [S03J 0.02

crystalline dolomite (XRD) with coarser
crystals; grain sizes average 25 u and
Dolomite veins (clear).

SAMPLE 934756 0083 LR2 161.0 Metres

Dark grey weak"ly banded dolomite

- Finely
cloudy
150 u.

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

Quartz

Ca rbona te

I
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Corrrrnents - No fTk1gnesite detecced by XRD. Quartz is authigenic
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WIPLE 93475~lCont '.9J

OBSERVATIONS

A pure dolomite sample. The interval surrounding it (sample 1056525
160 - 162.6 ) conta ins Illuch more silica (6.65%) while other section
of dolomite,samples 1056526, 1056527, contain 16 to 24% SiO •. The
SO, content in sample 1056525 (0.06%) also indicates a trace of
pyrite. The boron content of 37 ppm indicates elevated but
insignificant tourmal ine content in this sample, other dolomites
however do contain significant tourmaline (see sample 934763).

Amdei originally rerJorted "clay" in this sample and to evaluate
this Fander crushed and dissolved the sample in dilute Hel. He
reported: -

The residue comprised 1.5% of the sample and consists dominantly
of colourless tourmaline (elbaite) and quartz, with very minor illite­
sericite. The elbaite generally occurs as small needles and as
aggregates of minute ( 10 u) stubby crystals. Dispersed fine
colourless tourmaline is very difficult to detect in a carbonate
host, and thin-section observations suggest that the tourmaline
is erratically distr"ibuted, which inevitably causes various
sump] ing problems,

Photo demonstrating sharp contact and contrast between dolomite (grey)
and magnesite (buff) in 0083 LR2.
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FROM: T. W. Dickson

PO BOX 91
NORTHU,ND n."NTR£. .1(172
TEtF.GRAlIS: eRAEX
TELEX. ,1,,1,.114'.
Tf.U'.PHONE: 4..0 111M

ARFA CODE ,n.'!

IN RF.PLr nF.AM: (Juan

10th August, 1987

1

NOTE TO: File

tlNC rr>l N ....... I

1

eRA EXPLORATION PTY. LIMITED

'i4 RA(1LAN STREET. PRESTON. VICTORIA J071. AUSTRALIA

A costean was constructed 40 met~es no~th of the t~ack, but
only a ve~ thin 0.2 met~e section of badly weathered
carbonate was exposed in the 100m t~ench.

Cann C~eek Magnesite

Neil Thomas has recently opened up the largest and highest
g~ade of the Cann C~eek magnesite outc~ops. The outc~op is
app~oximately 10 met~es no~th of Cann C~eek and has been
exposed ove~ a distaQce of 18 met~es along an access t~ack.

Dolomitic talc schist.is exposed fo~ 15m to the west and 30
met~es to the east of the outcrop.

The amount of high g~ade magnesite available is the~efo~e

seve~ely limited and extends no mo~e than 30 met~es north of
the creek o~ approximately 1500 tonnes/ve~tical metres north
of the creek. This mate~ial ave~ages 44.2% MgO, 3.6% Cao
and 1.0% Si02 • I~on is ve~y low and averages 0.06% Fe203'

The magnesite does not outcrop south of Cann C~eek, but a
drill hole (DO 85 CC 2) t~averses the section 20m south of
the creek and at 100m depth. Only two thin dolomitic
magnesite sections, 35-37% MgO, 13-10% CaO and 6-8% Si02
were intersected. There is no doubt that CC 1 traversea the
full section even if the dip is slightly to the west. A
second hole, 00 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.

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.

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

,,{

The extent of magnesite south of the Cann Creek could best
be checked by a se~ies of back hoe trenches at 40, 100 and
perhaps 150m south of the creek.
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ARTHUR RIVER E.L. 0/70
CANN CREEK PROSPECT

GEOLOGY &
SAHPLE No. LOCA TION PLAN

---=-:-:-::.:-::=-=-=-= -- -~
eRA EXPLORATION PTY. LIMITED

-

Qa Quaternary alluvium

PCm Interpreted magnesite. In C[2 is
nearly entirely Dolomite

PfH Hagnesite

I.- Scm

PEa Amphibolite

Pfs Keith Beds

",,\, Shear Zone

\~,\\ Approximate dip of bedding
,.

I '0.])0 Shear schistosity: dip. dip direction

REFERENCE

I 00. m Bedding: dip. dip direction

All sample numbers prefixed by 765
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•••••••'.
•••••••
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0085 [[ 2
Inclination : _46 0

Azimuth : 285 0 (mag)

I:D~ ;°:1 Tertiary - Quaternary Alluvium

~ Angular Hagnesite Breccia

~ Dolomite Sequence

1
\\ \ II \ \ I Amphibolite / Sericite Schist,s , i "

o
Q

E.O.H.
1'1.5111

o . o

•

0'
o

LEGEND
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Scm

eRA EXPLORATION PTY. LIMITED

ARTHUR RIVER fL. 43/70
0085 [[ 2

SECTION

REF. SK55 - J
SCALE , : 1000 DRAWN R. T.
AtITHOR S.J.C REPORT No. U 716
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SECTION 3

FEASIBILITY STUDIES

781049
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ARTHUR RIVER JOINT VENTURE

DESCRIPTION OF OPERATIONS AND ORDER OF

MAGNITUDE COST ESTIMATES.
FOR THE PRODUCTION OF MAGNESITE AND MAGNESIA

Mineral Resource Studies

August, 1984
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2 .

r.' 8 1 " ;. ')J (~ _ \) v f...,

- 1 -

SCOPE

This paper describes the conceptual operations and associated
costs involved in the production of magnesite (Mgc03) and
the production of magnesia (MgO) from the Arthur River
magnesite deposit.

It assesses within the limits of present knowledge;

(a) the establishement of a small open pit at Lyons River;

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

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

(dl the provision for a bulk storage facility within
immediate lo~ality of Burnie;

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

(f) 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;

CONCLUSION

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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5.

TENEr~I,N'l'

3.1 Mineral Title

Exploration License No.4 3/70 of 310 sq. km. is
located in northwest Tasmania (refer figure 1).

In September 1984 E.L. 43/70 is to be reduced to 125
sg. km.

3.2 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 y 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 in tile Arthur River region are
situated in the N/NE striking belt of highly deformed
rrecalnbrian rocks k[lOW[l as the Artl,u[ Linean\ent (Bkll'
to 15km wide). The SilVil']l' !{iv,'r l[On 0[<> and
magnesite depo.sils oc..cur within tIlt-=' Arthur LLnt'()ITH~l1t

and dce thou(]ht Co I)e 'correlative:~; of <jllnildr rocks
wit h i n t: Ii eAr l h lJ r / I,)' () il ~~ r{ 1 v (, r r Q fj J IJ II .
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6.

7 .

Til" eilstern hanging willI i,o underlain by quarLz and
quartz micil schists, known ilS the Keith ScillSts and
the western footwall sequence is dominated by
amphibolite and pyritic siltstone.

The magnesite is considered to be derived by magnesium
metasomatism of dolomite. Magnesium rich solutions
generated during metamorphism, result in the
replacement of limestone and dolomites by magnesites
which have Si02 FeZOJ A120J impurities
inherent in the orIgInal carbonates in addition to the
varying proportions of unreplaced dolomite.

Detail geological mapping has shown the magnesite is
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 diamond drill holes, involving 1,611.6
drilled metres were completed within the Arthur River
locality.

During 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.

RESOURCE

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 "fill
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 d minimum five
metre interval the average analyses reported by each
diamond drill hole follows:
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Lyon::; J~iv(!r L,ocality

D. D . 11 • C:umulatlvlC 11g0 Ho 20 J (dO Si02 Al20 J
Interva] % % % % %

DD82 LR 1 198.6 42.97 1.71 3.07 3.07 0.06
DD83 LR 2 189.7 42.15 0.68 3.21 5.48 0.06
0083 LR 3 5. 2 44. 98 1. 04 2. 52 0.50 0.05
DD83 LR 5 57.4 41. 52 0.51 2.89 7.36 0.06
0084 LR 6 68.5 41. 41 1. 71 3.08 6.61 0.05
DD84 LR 7 78.8 42.07 O. 53 2.03 7.59 0.05
DD84 LR 8 Awaiting assays
0084 LR 9 20.5 41. 59 2. 20 2.34 5.75 0.05
0084 LRI0 Nil
0084 LRllA Nil

Arthur River Locality

D.D.H. CumUlative 11g0 Fe203 CaO Si02 Al203
Interval % % % % %

0083 AR2 105.0 41.61 0.70 2.60 8.12 0.05
0083 AR3 81.0 42.39 2.16 2.24 4.47 0.11
0083 AR5 10.0 43.94 1.12 1. 55 4.02 0.05
0083 AR6 79.1 41.40 1. 46 2.61 7.86 0.07
0083 AR7 155.8 42.52 1. 64 2.22 5.88 0.05

Typical grades of other oxides within the intervals of interest
report as -

less than 0.05%

8.1.2 Production Schedule

",

less than 0.10%

less than 0.01%

S03' K20, Ti0 2 ,
P205' PbO, ZnO,
CuO, NiO and BaO

781053

Annual sales of 250,000 tonnes of crushed magnesite
product f.o.b. Burnie Port are envisaged.

A natural cryptocrystalline magnesium carbonate MgCo3
called magnesite, is the saleable product. Product
quality is assumed to be satisfactory.

MAGNESITE OPERATION:

8.1 Description

8.1.] Commodity

8.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



- 5 -

Based on I3rdInb!cs indlcativ\ (jllutatloll.

111ning 11cthorJ

300,000 tonnes per annum
300,000 tonnes per annum

600,000 tonnes per annum

Waste Material
Magnesite Material

Total Material Movement

processing

vessels of 25,000 tonne capacity can be accommodated.

Operating costs

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

Shiploading

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.

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.

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.

Transportation

A self-powered portable crushing and screening plant
is to be installed, operated and maintained 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.

Mining

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

Open Pit mining tecllniqucs dre to be employed. A mining
contractor will be engaged to conduct all aspects of ti,e
mining operation inclusive of site clearing and
preparation, drilling and blasting, loading and haUling
and waste dump maintenance.

e . J . ]

8.1.4

8.1. 5

8.1. 6

8 . 2 • 1

8.2
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U.2.l.l Waste MlnLrlY

Unit actLvities lnclude slte preparation, (removal ot
vegetation and topsoil) drllling, blasting, loading
and hauling to waste dump, and maintenance of Waste
dump.

300,000 t.p.a. @ $3.30 per tonne mined.

8.2.1.2 Magneslte 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.

8.2.2 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, i.e. around 18 cents per tonne per kilometre.

8.2.3 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.

8.2.4 Administration

Maintenance of the mlning leases, administration of
the mining contract, preparation of mine planning
sclledules/budgets/product specifications, drilling and
sampling analytical requirements, survey computations
and environmental monitorLng requirements requires the
followirlg J.V. work force and equipment:



Per tonne saleable product f.o.b. Burnie

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

Production Schedule

30$

$7,445,500

unit cost Annual Cost

$ per tonne $

$ 3.30 $ 990,000

$ 7.36 $2,208,000

$11.20 $2,800,000

$ 3.00 $ 750,000

$ 1. 05 S 262,500

$ 435,000

$100,000 per annum

$100,000 per annum

1 " J.V. Manager/GeologIst $100,000 per annUfC
2 x Field Assistant $ 60,000 per annum

Drilling and analytical work S 50,000 per annum
Surveys $ 25,000 per annum

Operating cost Summary

Assistance re forestry
road maintenance

Description

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

Commodity

- 7 -

Total

General Administration
inclusive of provision
for office and vehicles

Activity

Mining -- waste

Mining and processing magnesite

8.2.5

~oad haulage - mine site to Burnie

Bulk loading - Burni~ port

Bulk wharf charge - Marine Board
of Burnie

Project Administration

MAGNESIA OPERATION

9.1

9.1. 1

9.1.2

9 .
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9.1.4.1. Crushing and Screening Plant

- 8 -

9.1.4.2 Precalcination plant

600mm width
15 metres
ca t 920

10m3 capacity
760mm x 510mm
50mm screen
710mm
6mm screen
1270mm x 900mm

300,000 tonnes per annum
300,000 tonnes per annum

Mlnlng MethoJ

Open pit mlnlng tecllnlques are to ~e 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:

\,aste Ma ter ial
Magnesite Material

Processing

Total Material Movement 600,000 tonnes per annum

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

The following maJor equipment items are included in
this plant;

Truck dump hopper with grizzly
primary (jaw crusher)
Single Deck Screen
Secondary (Gyratory) crusher
Single Deck Screen
Hammer Mill
Rock breaker for lump ore
5 x conveyors
Radial stacker
Front end Loader

The precalcination plant comprises 2 x fluidized bed
calciners. Each calciner has preheating calcining
(7500 C) and cooling sections and external ancillary
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.

Y. L J

9.1. 4
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Y.l.4.1

9.1.4.4

9.1.4.5

9.1.4.6

9.1.4.7

781060

1J(~neticlatlon

A range ot phYSiCi.d ocneticLdtion 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 is included.

Dead Burning plant

The dead burning plant comprises 2 x fluidized bed
calciners 2.27m diameter and approximately 16m high
operating in parallel.

Product Handling and Storage

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

Tailings Disposal

The tailings disposal systeln includes tailings pumps
and pipeline, initial darn 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 kl per day water supply facility;

(c) an appropriate compressed air facility;

(d) heavy fuel oil storage facility;

(e) cooling water system;

(f) sewage treatment plant;

(g) buildings and equipment associated with;

Administration
Laboratory
Workshop/warehouse
Mobile Equipment Service
Magazines
Fire Station/Equipment
Change Room/Crib
Gale lIousc/l-ieighlJrid<]e



operatint Costs

- 10 -

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

Mining

Annual costs

$ 2,000,000
$ 3,950,000
$ 500,000
$ 200,000
$ 500,000
$ 1,850,000

Personnel
Fuel
power
Operating Supplies
Maintenance Supplies
contingency @ 25%

Transportation

The loagnesla 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.

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

Shiploading

Vessels of 25,000 tonne capacity to be accommodated.

781061

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.

processing

Based on Brambles indicative quotation.

Unit activities include site preparation (removal of
vegetation and topsoil) drilling, blasting, hauling
to crusher and waste dump, and maintenance of waste
dump.

Basis: sheddon pacific Pty. Ltd. cost estimate.

Y. 1. S

9.1. 6.

9. 2 . 1

9 .2.2

9.2
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Bulk Loading

Based on Brambles lndicative quotation.

project Administration

100

:J; <J,iJiJO,iJiJU

$

$ 1,000,000

$10,000,000

Unit cost Annual cost
$ per tonne $

$ 3.30 $ 1,980,000

$ 100.00 $10,000,000

$ 11.20 $ 1,120,000

Total

:;ub Tot.:>]

- j!

per tonne of saleable product

Beneficiation Allowance
($10.00 per tonne)

Haulage

unit activities include reclaiming crushed 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.

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

,
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
tonnes per hour.

100,000 t.p.a. of saleable product @ $11.20 per
tonne, i.e. around 18 cents per tonne per kilometre.

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

Operating cost Summary

Activity

processing

Mining

A provision of $2,000,000 ($10.00 per tonne of
saleable product) is estimated for general project
administration and management.

Road haulage - nline
site to Ournie

9.2.3

9.2.4

9. 2. 5

9.2.6
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Basis: Sheddon Pacific Pty. Ltd. cost estimate.

$29,600,000

$30,000,000

$

155

350,000
100,000
120,000

60,000
80,000

100,000

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

600,000
400,000

JOO,OOO

2,200,000
600,000
400,000

2,290,000
1,500,000
4,800,000

$

$ 105,000

$ 2,000,000

$15,505,000

Total

Power supply and distribution)
Water supply )
Compressed Air
Fuel Storage
Cooling Water System
Sewage Treatment
Communication

say

Crushing and Screening
precalcination
Beneficiation
Dead Burning
Storage and, Handling
Tailings Disposal

Total

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

- 12 -

Hulk IOdding - !Jurnl," l'()(t $ 3.00

Bulk wharf charge -
Marine Board of Burnie $ 1.05

Project Administration $ 20.00

Building and Equipment
Roads and Civil Works
Mobile Equipment

Engineering Procurement and
Construction Management
Working capital
Contingency @ 25%

Process Facilities

Service Facilities

Site \vorks

Other

9.3 capital Costs

l J7H 1
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("apacitn~~.

Magnesium is the v.'orld·s most readily a .... allahle met.al. The ocean LS an enornHlll~·

reservoir of magnesIum, whereas other engineering meta.ls face the cvenLu,'l1 exhaustion
uf their most ccunurnical ore hodie~, Thu.;, it may he expec!<:>d that magneslulll cfluld
become increasingly IlWf{' IInport<llll III t!lC' [utlln' as costs Ill" production of other
SlrUfl.ur<.ll mel-ills increase

Recause of magncsilllll 's low density, the unit volumr ("1l5t or magnesilllTl has often

becll lower than tho'll of other common q ruelural metals such a~ aluminum and ZIIlC

In 191~), thf' price oj' llla/::"llt'siulll Irl thr Unlteo St.at.e:-; was $1 J/kg: it 'A'as reduced
steadily until it re(lched $O.4:J/kg III 194:1. From 19:)(J to 197:1, prices increa~d gri"rlual!y
and reached $O.ttVkg for prllnar\' ingot. The price of magnesiulll began to escalate

appreciahly in 1974 as a rl:',-",\lI\ of incrcnsed energ.\' costs. The price history of magne
siulll from 194:~ to 197~ is shown in Tahle 7.

The U.S. rnal{nesium industry serves a wide varicl)' of structural and nonst ructuml
uses Consumption hy principal uses is given in T3ble R

Spe-(ific dtions

Commercial prirnar.\' Jntlgllesium has a typl("al purity of c:199.8%, whIch is suffi­
cient for most. chemi'cai anci mfot.allurgicaluses. A typical analysis might h(' expected
to show ahout 0.00:10;, C':IC!l (If alUlllilllllTl and ('opper, n.o:\c;;, iron, 0.08% manganesC',
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Tabl,' 1

Fr&tlce

Ite,.

Sources: O.S. Bureau of Hines ~~eral" Yearbook, ~ad:1.an ~pa~ct of
Energy, ~es and Resources, lntern8~1oD21 MAgoesi~

Ascoc1&tioc, and Per"onu C=u:licuion.

Not1:zy

O.S. S. R.

Yugo"lav1&

+Expected to beg1D. product:1.cn :ill 1982.

·Est~te not :illc1uded :1.n to~.
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Table' 2

41.1

70%

3,500

26,000

Hetallother::lic

42.8

48%

4,500

54,625

218,500

U5,000

Electrolyt:ic

Maxic~ pl~t si:e (tons)

Process for l1agne.sium Production

Cur.~t Yorld czpacity (tons)

Comparison of Electtolytic and Het~llothermic

Energy requ~r~ents

(btl ther-.....ll1:!.~ Xg)

Averzge plant size

Electrical energy requir~ts

!st~ted c~?1tal cost for
ne\; p::'=t
($/~ua1 ten cz?acity)
Sacple pl~t size: 20,000

=ual tons
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dUClIOrl for sale to mag-nesiuffi Ct-HlSl1JnefS for a wide variety of IIses. Table;) gives the
production st.atj~tic!'> of various countries in recent years. Table 6 g-ives production
capacities.

Magnesium islhe world's most readily available metal. Tht> ocean IS an enormous
reservoir of magnesium, whereas other engineering metals face the eventual exhaustion
of their most economical ore bodies. Thug, it may he expected that magne~iumcould
become increasingly more importanl in the future as costs of production of other
structural metals increase.

Because of magnesium's low dCllsit.v. t.he unit volume cost. of magnesium has often
heen lower than that of other common structural metals such as aluminum ann zinc.
In 191,), the price of milgne~ium in the United Stat.es was $ll/kg; it wa~ reduced
steadily until it retlched $O.4"/k~ ill 194:; Prolll 1950 to 19i:l., prices increased gradually
and reached $OJ~~/kg for primary ingot. The price of magnesium hegan to escalat.e
appreciably in 1974 as a result. of increased energy C(lstS. The price history (If magne­
sium from \943 to 1979 is shown in Table 7.

The U.S. magnesium industry serves a wide variety of structural and nonstructural
uses. Consumption by principal u~es is ~i .... en in Table 8

I
I

Speci(icol'ions

Commercial primary magnesium has a typical purity of ca 99.8%, which is suffi­
cient for most chemical and metallur~icaluses.A typical analY5i~ mig-ht he expected
to show ahollt 0.00:1% each of aluminum ami copper. O.O:~(>lrr iron. 0.08% man~ane~e,
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CRA, SERVICES LIMITED

TASMANIAN MAGNESITE, STUDY

PRE'L!'MINARY:COST ESTIMATE

, FOR

PROCESS ' PLANT

PREPARED BY

SHEDDEN' PACIFIC'"' PTY. ,LIMITED



A1"i'ACHI£NT A.

"NeH Process for Recov<'"y of Hagncsi to
fro~ i tG o;'cs by Calcination"
by Frr...n5i~~:os and Kont.opoulos

CRt.. Scr\'ices Ltd. le~ter dated
25 NovellJber 1983

CAPI'fAL COST SU:o~~ARY
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OPERATING COST U~SIS

DESCP,IPTION 0:' HCILITIES (, BASIS rOR CAPITAL

COST ESTIllflTES

PHOCCSS ft.O~!S~iLE:T & t-:ETt.LLU!iiICAI.. Pi\J:AB£TER~

INIIlODUCTION

4.

3.

5·

6.

2.

••
I

••
I
I

•-.
-.
-.
-.
-.
o.
-.
-.
I
t
I
1



I

J~RL5~~ ',T I r:;;," __LJ.t\JTQl.
Tfl:.::iU1"U:r l~ t~j~(] i;:.;},rr\:: ~;·i·lI.Il,(

.~~J,.IliJ I! ,\ li.Cf;,TI);1:L',Tf,~.JO It..fROC c:;S.l'LJlliI

1. INTRODUCTIOll

CRA ::ierviees Ltd., in its letter dated 25th Novcmb8r 1983 (Rcfcr
Attachm"nt A), issu"d a study brief rclating to the early
invcstiea tion of a ,""gnesi te pl'OSpect in T"~"2!lia. The study,
Hhi.ch H2S subsequently al.'arded to Shedden Pacific Pty. Limitcd,
reqUired pr'ep2ration of order o~ IJagnitudc capital and annual
operating cost estitr:atcs for the crushing, gcreening and
calcir1ine Illant and related services and facilities.

The natu"e of the r"quired study was further defined in later
discussions with CRA staff to the extent that it should be b2sed
on a "standard" process flo'.sheet whi.ch assumes that the Ore
behaves in an extrCi!lely favourable manner. CRA further required
that mining, beneficiation, at:Losph"ric pollution control
facili ties and all housing and comt!luni ty facil Hics be excluded
from the study. Other capit21 iems for the plant such as
crushing and screcnillg l fuel suppl~·, civil works, electric power,
tailings disposal, product star-age ar'e all included.
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The ::;LaLed criterie. f,w the study include feed to the er"'$her of
+~O% Hr;O lcc.[;!1<':'site ore at a rilte of 300,000 tpil and a [woduct of
100,000 tIl':; of +g"re:. r~So dead ~llrned li"l-3[:f!c:-litc. The i.r:,91ication
of thc::;-::' l"it,ures i:::; th2..t the ore contains ZOr.:ie 16% gangue
@~terial Bnd that a heilcficiation stage is necessary_

Although pr"ocess scd.£:ction and esti[!!ates of costs for the
bencfie:ic..tion stt:!r,e \;er-e excluded frv.lJl the scope of L};e study J it
~~5 necessary to briefly consider this proccDs step in order to
deL',,'mine the l'lost app,'opriate approach to staging of the
calcination process,

II raiigl2. cof beneficiation proce::;S02S are applicable to magr.csite
ore a11d the sel€c~ion of the nppr'opriate process can only be made
at a much le.ter stage in the project develo~olent. Such processes
dep(':r;d on the differer:C'f::' in Pl'oIX:lrtie~ of the magnesi te and the
g?.IlC,U8 IT:ate:".ial. Prccc.::~es can.. range fro!:.1 the conventional (such
c.S optical sorting, L1c.gnetic separation, flotation, and H~L'3 or
air c12ssificaLion) to the advanced (SUCiI as pressure leaching).

B"ncfieiiltion filay be carried out before or aftcr dead burning but
the former .is reco!/:mended as the e;angue rna terial ",",ould most
certainly cause sintering and ,'eaction problems at the high
te~peraturc of the dead burning process.

There lIould appear to be sme advantage in recovery and operating
economies if a dry process achieves the required beneficiation as
compared lIiLlI lIet !,ea.·y medium se~aration or flotation. (Ref.
Attach. B describin;; the process selection for the FUiISCO plant
in GI"eoOce)" HOllcver, for the purpose of developing a "standard"
flol,sheet, it has been assU!roed alter di~eussions with CRr. staff,
that a "et beneficiation process be assurced and that allo,fance be
",ade in t!:e estimates for wet tailings dispos::l.

The process flowsheet, selected for Lhis study, includes a
pr~calcining stage (75uOC) followed by beneficiation and then by
the dead oUl'ning stD!',e (1850 0 C). See Fig. 1. The precalcining
step has been included for the follolling reasons:

Dcpendinr; on the beneficiation process, there Clay be
sigr.ificant advantage in the faet that precalcining
incrC:os8s the difrercnce in spoccific gravity bet"leen gangue
and the magnesite th"reby improving separation effieienc)'.
Typically the SG of magnesite and gangue in the ra" ore are
2.7-2.8 and 2.1i-2.6 respeet.i.·ely. After precaleining (soft
burnir.c) the SG'9 al'e 1.3-1.6 and 2.2-2.3 respectively.
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Table 1: COOlparisorl of Benefication/Hard Burning Schemes

S!lU):X:N )'/,':II'IC ('IY. UI.i1T[l)

Appro>:i"'2.tely 80~ of the heat required for the overall
pl'ocess is requ:ired for the endothermic reaction

CO2.,

If thi~; i.S achiNed at 7500C the kiln size is smaller and
the fud consumption less than if the process is carried out
in a single stage at 18S0oc.

It is preferable for operating and maintenance reasons to
have two kilns operating at 7S0o C and tlW kilns at HlSOoC
rather than four kilns at HlSOoC.

Table 1 indicates the order of mallnitude estimates of capital
cost for calciners and the respective fuel consU!llptions for a
number of schcmes considered.

!schemes

Approy.. Total Heavy Fuel Oil
Cost Consumption

C(l1ciners $ million (tpa)
(Jan.1984)

~ned Sch~

Precalcinir.g 2x2.78!D dia.
Beneficiation - 9.55 16,800
Hard Burning 2x2.27m dia.

1.1 ternatiyc Set-erne II

Hard Burning 4x3. 3 Sen dia. 17 .0 17 • 580
[JC ncf.i. cia tior. -

I, 1 h","n~'; v~llill1I.e..-..B.

Beneficiation -
Hard Burning llx3.14m dia. 15.0 15,600

~r
J
J
J
~I

~I
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1
1
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)

~
II
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Tile fello>ling addi tional. assumpt.ions have been made in t.he
selection of the flowsileet:

The bellef iea tion process Hill be able to achieve the
rcqui,'(:d degr'ec of b2.1~r~:.JC rejcc::'ioil.

Carr'yover product fro!u th", de"d bur'ning stage will be
saleable as a soft burned by-product. It ,,"ould
altern2.tively be possible to considcr' pelletizing this
matcrial and I'e-fecd it to the de2.d burning stage.
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lengt.h

6mCl screen

50111m Screen

- 600mm width,varying
- 15m
- Cat 920 or equiv.

Grizzly - 10m3 capacity
- 760m:nx510l!l....m
- 2400mmx1200illQ,
- 710=
- 3OOOllllOy.1200mm,
- 1270"'i',x900mm

Truck D,uJp lioPP8r h'i.th
Primary (Jaw) Crusher
SillglE: Dec!: 3creen
Secondnry (Gyratory) Crusher
Sin,).E: Dcc!: Sc,een
H@c.mer I'fill, Centr'" Feed
Rock BrE:aker fOl' Lump arc
5 x Conveyors
Radi«l Stackc~

Front End Loader

The precaleina.tion plant eomprizes 2 x fluidizE:d bed
calein~rs, 2.75", dia x approx. 16" high, operating in
pa,.",llel. Each calcineI' has pl-ehf,aUng, calcining (750 0 C)
and cooling ~ect.io!"1s and external Clncillary cquipl'lent
includir1r. feed and Gischar~E: conveyors, ew"'ge bin, fuel
sy~tem, a fluidized bed/\-!at0I' tulle final cooler. dust
cyclones, induced (ll'aft fan and stack. Feed rna terial is
reclaimed from the cI'ushed are stockpile by f,.ont end
IC'ader.

The crushing a~d screening plant has been assswned to
operate or: the s,"ne ,;hift cycle as the mine, i. e. 2xl0 hr.
shifts per d?}'J 5 dUys/h'cek. Throughput rp..te is therefore
1200 tpd. The crushce! arc is delivered to a 5000 tonne
stockpi.le (I: days capcity). Thc follo',ling major cquip:;;ent.
ite~s al"e iculuded in this plant:

Thc capi.tal cost cstioate for this plant is based on
factor ing of current budge t prices received froI!! eq ui prnent
vendors.

This plant has I'ecn aS3wued to C'pel'ate on 3x8 hI' 3hifts/dny,
7 days/week with the feed ['ate consequently bcing 860 tpd.

The capital cost. ",stimate for this plant is based on
factoring from a recently cOGlplcted more detailed stUdy.

3.2 .rr~alcin.1tjon Pl~

3. DESCliI PlIOll OF F/,CILITIe.S [, B/,SI:; FOR CAPITAL COS'f ESTI}!J\TES
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T!H~ de:;-td burning pl~r:t ccrr;r'rize3 2 ): fluidized bed calcjn(~r's

2.;:'"{1:.J. di;~ :HiJ L.!pp;o?:i:~.J.tcly lG"-1 hiGh, ofX~rQti~lC in
I';.l·~~llcl. {'::.:.:(;\I ~o.lC:i_II'-::~· h~::> pl'C'hcl:.tinG, th':·,C'.u bur·l\ing
(lH~uUC) 2l'lG c:oolin-s ::.::ccLiclnG 2nd exl·(Tn<lJ. ancillax-y
r.qiliJl:~('nL irlcludint .surf. .....' biro, fL!C'l systc:'l, 2. fluidi.zed
bcd/w~ter tub=~ f111a1 cooler', dust cyclones and induced draft
f'lll und st2ck.

The capital C03t esliu:2lc fOf' tlli[i plant i~ b~SBd on
factoring fro", a ,'ecently completed more detailed study.

Dead burned product and soft burned by-product are stored in
silos fro", which they are loaded by conveyor into trucks fo,'
rc'ad haul"ge out. A storage capaci ty of "r d"y' s production
of dead burned magnesite has been allo~ed (i.e. 2000 tonnes)
and 11 days of soft burned magnesite (i.8. 500 tonnes). The
following itew.s of tlajor cquip:nent arc illcluded in this
plant.

Product & by-product transfer conveyors
from the dead burning plant.

q x Product silos - 6~ dia. x 16m high
, x By-Product silo - 6", dia. x 16m high
Reclaim conveyw' and loadout facility.

The capital cost estimate for this plant is based on current
bUdget prices fro," equipJlent vendors.

Gill, Services requasted an indication of capital costs for a
tailings disposal system as may be associated with a wet
beneficiation process. The capital costs associ.ated with
such a syst"", "ill vary considcral>ly with the pl'ocess and
the terrain.

The costs included herewith are factored from those
pr'eviously developed for a base meU,ls beneficiation process
in Tasmania. This tai.lings dispo""l systel:l typically
included the tailines pWlJpS and pipeline, initial dam
construction, decant tower and outfall pipes.

, ;>



4000 kl/day
50 kl/dny
50 kl/d2.Y
50 kl/day

cost of the ~atcr supply as
the tot31 water supply system
previous study.

Benef ieia tion
Precaleining & dead burning
Domestic/general
Mine arCn

The estiuliited capital
included her8in is fo,·
and was factored fro~ a

It tlas been assumed that c\ ....,l2't bE:neficiation process
"ill be used and Lhe \later ,.upply system has Decm
based On a typical W2.ter usc.gc for such a procc3s.
The HaLer requirem.ents for beneficiation
significantly dOOlin"Le the total W2.ter requirements
as indieat~d in the followinG assuQptions:

Thc es Lima tc of the cost of the power supply line has
been bascd On 10 lan of ne" 22 kV O. H. li.ne connectir'G
to the H~C e.rid at Hest T2.k'al~C. t!o allot:,Hlce has
been made rop upgr~lding ttJc existing lin8 betrlcen
SO'llerse t and VIc"t T"~ko,,e al thouGh some upgrnde would
mO:Jt prob2bly be nece.s~ary.

Distrilmtion f2".cilitic3 co .... el'd in the estimate
includc a 22 kV suitehroom, cabling, sub-stations at
the ",ajol' plant locations arod a 2 km 22 kV O. H. linc
to the HaLer supply pump station.

~'S1081

The capital cost estJIn.:!.te includes an allowance for a
small cOl!lPl"essed air facility. It is 2.ssumed that
any major campI'essed 2.ir requi,'ement for
beneficiation will be included in the beneficiation
plant estim2.te.

The estimate includes a stol'age facilitl' for 2 week's
supply of I,eavy fuel oil (approx, 700 tonnes).

TIle facilitl' comprizcs II x 6m dia x 5.5rn high storaGe
tanks, lJunded enelo:;ure. a pwoping and distribution
system and a small die.~el fueled steam generator to
prov ide llOil ting for the stor-acc tanks and traeing of
tile oil line's. It i:; assw,ed thiJt die:;el fuel
.3 l.ora l";'l': l-.'ould be included 1:\3 part of the mine
racililic~..

3·6.2 liater SUP~', Trcat~~nt & DistrlQ~on

3.6.4 £gel Storace

3·6

3-3
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•

~OO m2
100 m2

- 1200 m2

200 m2

50 m2

35 ffi2
~OO m2

100 m2

included to provide the cooling
for the precclcincd and h3.rd

Adw ini. stl' a ti 0 n
LaboratGry
Horkshop/\:arehou se
Mobil e Equipment Serv ice
Hae;azines
Fire Station
Change nom
Crib
GaLchousc

Office Furnishings & Equipment
Laboratory Equipment
V!ol'kshop Eq ui piTIent
Fil'e Equip",ent
I·lobile ~b.intemnce Equipolent
Vehicles
Heighbridgc

Allo.,anee has been made for connection to the Telecom
net\wrl, and for an in-plant VHF radio communications
system.

Allm·!3.nce has been made for sewage collection and
tr'cat.mcnt in 0. siilall package unit.

Coolj.r.g tOl..'crs are
wa tcr req Ui(,{:H.~nts

bur'ncd produc'(.s.

The estimate has been based on the follo.ing
ass~~ption of buildine requirements:

hUm/allcc is also made for the follo.ing fittings and
equipment:

Allowance has been ~ade for site clearance
cartl'\Iorks, drainage, roads and hard ~tanding, and
for !'fences 2.nd l"ndscaping. The assUOIption has been
made that 3 kID only of access road Hill have to be
con~tructed.

3.6.9 BQaQ~an~~iJ Works

..
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SIIU)l):':I, PACIFIC I'TY urv'JITU)

TtlC alloHance for engineepjng, procurement and
COJ13truction management llns beel] included as 111% of
the capital cost. \-; 01" Id ng cc.i.pi tal re:qu:i.r-c;;:ents have
been calculated as cqu"l to t,W (2) months operating
C03t.
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SHEDDEN PACIFIC PTY. LIMITED

Fuel Costs

Power Costs

11.3xl06

13.2 c/kWh
7.5 c/kWh

$142.50
$21.10/kW
3.06 cents/kWh

Total

Tarj ff 86 - DeGland
Costs per quarter

1st 150,000 kWh
Remainder

with an 8% rebate

Tariff 11 - Energy
Costs per quarter

Supply charge
Demand
Energy

Alternative Tariffs for power supply are:

"'"810°'1, t U L

Operating

k\i Hrs/year kHh/yr.

Crushing & Screening 270 250x20 1.4xl06
Precalcining 800 350x24 6.7xl06
Dead Burning 150 350x24 1.3xl06
Site Services

(Process Plant only) 200 365x24 1.8xl06

Water Supply
.05xl06(Process Plant only) 5 365x24

Operating and Maintenance Supplies

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

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

Tariff 8b has oeen used in calCUlating the power costs for
this study.

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

4.2
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SHEDDEN PACIFIC PTY. LIMITED

CAPITAL COST SUMMARY

Process facilities

Crushing and Screening
Precalcination
Dead Burning
Storage and Handling
Tailings Disposal

Services Facilities

Power Supply & Distribution
(All facilities) •

Water Supply. Treatment & Distribution
(All facilities)

Compressed Air Supply
Fuel Storage (HFO only)
Cooling Water System
Sewage Treatment
Communications

Site Harks

BUildings and Equipment
Roads and Civil Horks
HooUe Equipment

Other Costs

Engineering, Procurement &
Construction Hanagemcnt

Harking Capi tal
Contingency e 25%

Estimated Total Capital Cost

$A'OOO
(Jan.1984)

900
5.700
4,400

600
400

350
100
120
60
80

100

2.200
600
400

2,290
1,500
4,800

24,600



OPERATDlG COST SUf-iNARY

SHEDDEN PIICIFIC !'TY. LIMITED

""Sli\ Q f'i l \' l.) lJ

The [ollowing annual operating costs relate to the process plant
only:

500

500

200

2,000

3.950

1,850

9,000

H'OOO/year
(Jan.1984)

Estimated Total Annual Operating Cost

Fuel

Personnel

Power

Operating Supplies ,

Maintenance Supplies

Contingency (! 25%

6.
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(c) ~:anDower requirements.

H,C s lLldy sl:ould incluC:e:

781087

GP.o. fica :li>~()

MC'thown·~.1'1) ;;~r.llja )(JO 1
Teki'h,-,(\~ (1\,.,~.1 COde: OJ)

OirL'~\ I inc (.:..8
S,·.. ilch~'o:ll(l (,'j3 J]J.1

Tcl~GI,",."n<; '·CorlrIO
Tel,!I': (\A3010S
In R'.:"pl{ r'IC,,~(' Ouo:e

n kay

t. I f.r, I T [ [)sr:r.\'ICESCI,rl

not hesitate to contact me regarding any aspect of this

5 ~i C () l.ll U S ~,T H [( T U [ L n 0 u fl. t~ [ V leT 0 ru,.. J 0 l) ,

" I.' Cll

'." '-!)'

" . r"". ,

, ,w'."fL'ly

2,)tl1 t:ovcr.,ocr 1933

f'i J e : '/. 2 . 7

TI\SI:.C\NU\~j 'lACJF.SlTE STUDY

f.'tl' ~\en ~·~Clson

M~nager Minerals & Energy
SheddGrl Pilcific Pty Ltd
J[;·';~O T~IOIIF1S street
SOUTtl i1ELBOtl!iN[ VIC 3205

O::ar ,:cn

/ '~.,

I .\

C "
'--,j""-

I\n orllrr of "agniLllde capital and annual operating cost estimate
(J2r'U,"ly 19(;/:, l\ustrali<H. Doli.ars) for the proGess plant, and
neccssary facilities and services is requested.

(d) I\rl <JDpropriate breakdol'Hl of the capital and operating
costs.

Ci V(:" the Lerms of reference of the study, we estimate that
''i'I'' (I) i,o"Le] y ~ man days will be involved.

(al 1\ brief description of the proposed plant facilities
ifnd services.

(U) Significallt ~etallurgical parameters and consumable
usuagcs.

As discussed during our meeting on 24th November, 1983, please
fir,cl ,.U. l.'I,ct! ,f brief technical information note elaborating on
tI,C' ",J ~ U ~'l' ,"HI secps 0 r the env i saged r.lagnc site proces s pIa n t.

I:;,' ],)(;1.; forl'lurd to receiving confirmation of your company's
J 1<\, :·c~·L rc Ul.is enquiry togeUler I'lith industrial experience
, , . 1 f tt 1(.",., I :. a lose persons \',ho may be assigned to comp ete the
";'~' (If ma~>1itude cost estimate. Construction and operating
"'; 1 i"nee with large calcining kilns is essential.

., ,

I : I

I · I. ,

I"



To accolnpany letter of enquiry
to I,ll' K /1,3son of SPPL

Approximately 60 kms soutll
I'lest of tl1e Port of Burnie
Relnot!, area: no local irlfra­
structure.

7°C
24 0 C
2024 mm

+97% Il,gO

/.jagnesi te
300,000 tpa (minus 1 metre)
100,000 tpa (dead burned)

approx 1 km

Slate grid
Providc by State Government

Plant to source approx 2 km
Plant above source appro x 100
metres

:calcinillg at 15000 to 18000 C

Mine and Process Plant

Av max winter day ten:p
Av max summer day temp
Av Annual rainfall

Ore type
Ore delivered to crusher
Product produced

T[UI"J CAl l"HII1I·~,~ 1 IUIJ

Continuous process

Premium grade ~2gnesium

Crllshing, grinding, screening, calcining stockpiling.

781088

Distance frcm plarlt

Dist<::nce
Hei gh t

Source
Tr~nsnlissiurl ext

Climate

P,ocsss Plant: Unit activities

F'r 0 c' L! etC r 2 d e

To~lings Oisposal

Services

Nater Supply

3.
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I
•1 1-
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Costs tel be expressed in JanlJary 1984 AustJ'alian Oollars.

To n:flect tile cfc:sigll construr.tion and con:rrtissioniflQ of the
process plant, facilities required to maint2in the process [Jlilnt
allcl services necessarj' to opcr2Le th(~ process plaliL. The
capital cost estimate will not include millc equipl~cnt Rnd mine
facilities or the general site adMinistration facilities and
services

Operilting Cost estimate

To reflect ar,nual operating costs associated with the operation
and maintenance of the process plant. Labour up to the Process
Superintendant level is to be included.

General

Assume the +40% NgO ~Iagr\esite ore behaves irl an extremely
favour~ble manner. The ore crushes and grinds wittl relative
ease and is thermally efficient during calcining.

For this exercise, no allowance should be nlade to enviromentally
control gas and noise emissions.
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yl,'ld:: prGd'.'n ':Ijiii'i'~\' 111:- (~":·::d·htrrnil1q

A IW\'J ~llId lil(~xf:Cn:-;;\'r: PiUC:-:-,). by \":i,ic!l
C,l~r~tj;,>c;)kin;:,dfn::'J:~;'·~i.::: or ilirJh qu;::ilv i:;
Il'C(H,'C'fCd (Ionl r;l.l~:-lr:-.i·,·: ort:·~. ilil'; \)::(::1

dcvrlo;wd· l'nd I:' d~SUd)"'u hef!.:; it I:; ~~,-.'il.:;rillly

'Jpj1licdll~ to <:111 rll,~IJIl.::sit(~ ore::;. By Ihis procC'::;.
th~ orc i::; cJlcinc:d ~lt.1 trrjqH.·r;.ltLJr~of (jOO,--000·'C.
fIl~UIl:,:;it.: lllld~rgoe; pJrti:-11 or comt)lete
<.ltx:omp0:.iiio!l to Cill.ls:ic·ca!cino.cJ rniJ;JllC'sia
ilct::ordin9 to 110,::, rpJC:ion

MgCO, -, r,,"o + CO,
Th~ tcm;1~rllttlrr~ of c~lcin.)tion is 10\'oJ en()u~h fer
\he I1Fll~rjill to ~'Jffp.r no ~:h:-inl~~(J"~ duc to
s:n leri!!]; it:; !,SG j:; th'y; \Tf V 10'"'' - 1.J -- 1.G 0/c1 i~~

--=~--=:.:.:..-.) --=
01G

"-------.

,

I'!,.D. ,-.l.hU:l.

·i"U1t:c·c:oIr_i.~t:":' 1'":"'l1'l,,'·!i.,. ""~' '1:I.'~:l1;on :>."9.JICf".t !;.,.:j!j;:

'" ;: ... : ":/ I:.: :jJ \ l ;'r'~'!"" J cf I ) - I .::. -;'''::'';'1' ; ':'",c '~V·.'J·:" 1... ·.<,"

rll.~i,~:" '.:,~ (l"n:-,i.,,,c'l \/'I;':~'. ;0:-0': .1::';''''1\ 11" "'~-:);""r-,l H·r...-:":"'

gr~''';rv .-.f ;,.:, •. ").; i::.:c,n' :::r~", J';~~' i. I~".S "";",' l,·f,..r:!-:j

~'" rll·"~·'1

f\ "'~'.'. ("rrC~.~1 I .... r t~": rc:ro..o"r( r.~ rl\;'!"I':il~ het:, i~~ (\rr;~ i~

c1·.·.-:rit.-ft. 11.", Ol'~ c.'lr.f:Jtr>~ nl:-:".:~,:-: <,-II.! '1 ~llj\·"·'J'I\:)I·l'1.If·;

"!I,~r:,'1 r.r>';:.=-.lt1 :IF,,:"?nC~f'l1:,;:.;.:n fl"C), ii it cl!'r.i.~.,t! .11"

1"01;:"'·.~:U:" ~:.,.-.::;•. ; L'·~·,r.'~"' r·;"J) ""(1 ~(\G·C. e-r;rir~ l~;i;

trl tn" U·.·.J::'I t;.'.,... ;,y C,",I'':I~tr~,;o'''l I"~~::"r:'~ "~'~\J~".:j~ !;'''',i:y

("'Clt"'(,,"h .":~ (F,..I",.:t:·l .. (,·~:.~t.t~ I,,'! "'::l:o,::.:i,)" of :"e

'1"",ltI in h','rl'<'ii;J'1 '..Jt ,,,!' c.~'J~I;-::·c.,~~·i" ..,: ,-",;,.,,,,,;,,. "'''''n""

"i';'l'l, .."t JI"":::ir;;: iJ,.7'ooil', i. 1.... :.J~ '~,'''(1 In ,.~ ·2. T fJtt"lr~':

1.... lr',':"n il 'T".Jr. 'hll,nrl'. t-o"t ~!i:1 Q .... ':'1, ~llllo Il'f"";'::'~'''!

'c-;uln. L,\~"'·lirory. :J'!OI·OI.~"'1 .. -,j ",ill<:.":. :r~" '"l~ ;"'I~ '''',,~('".cl

.\. Y.n:)l;'');~<J~liry:; I);PI.[:I:I., 1""':I.D.

f"htion<:.:1 T':·.-:hn!c-·l Uni .... -:-:'.iity of I\tlH~fl:;. Grcc:cc

d,'IC·,;".·... jn {'I'l :;;';:.)"~'"': \~ __ ,'·~,f,·= ';"'V':"'1;, t:~f"::(J

(",~ 3v,I,,'S '·t',l·O!:'r:-," in ""~,.",, (I.,::':~i~::!. l'~~'";,j. C'-'f" i~r:,,~. ~l

;"!(~"'!"'j :--,\l·<-'~-'t'_""': ,-~_'.'
••. , ,. ,r l J I' '" / -.J '.' ... ~ ... it· ~ l

~'~["nt ..... -·
~ I ...~, l ;

c.;n.l~•.. :,.. ~ ~""n---
;;;-" ~,i'.I~1

(;l. rr.or':.J'c'W; DipU'nJ ..
!-"I:. iSCO. /\th:-'Il<"., Grl'(~C~

I
I

1
1

I
I
I
I
J
I
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Pur~ n::!i''j!'";:1 rn;"l:;n~;it~ is or.::- of !he me:;:.
jt'T",p/_'r~,l'1! r;;w materi.ll", for til~ pror.!~Ir.liv:l of
d&'!i!d·b~Jrr:t mJgi1.?sia, \·,ili::h :s usc::J in !h'~

mJnuf.:)C~·url'of bc""!sic rcfr,;ctl')r,! !):ick.::;. flurity of
lh~ m~!'Jn~sitn. i:. n'.:'cc~,;~r'{ for til;:; Pi.Ji;V:.'r:·~; lh(~

L"~n(:fj[;.:irio~l of m2gn~sit"~ orC'~ i:; ~:n imi)c;'"!f:nt
:;!~;..>. SIJc:h orr." u5u.?IIv c,::::.-";n cJ s;l:c~Ot::;. ~':'~;~')(Juc

m~~('ri,:!! .- ~~r:v~n!in~. dun::::-. ;l"1rq;..~'.it..~, free
silic;"). ei.~. [j·:?n:;'? m;:l~:'l~~;~':'.h;:",~:l t1r;--:li·;:':lt

~;1i.:'/.:i~ic r:·;j·.... ity (ASG) {~.~J:~~ d-:,r·.,=iiv~:)f 2,7-2.8
f)/cm J ; th~ s!liceou~ l).1IlTJ(' h~5 a lo ........er ASG.
S~i)~rJII'r' 2,'1-2.6 Q!cm l . G:-;!vi!y r:0ilc~ntr"tion
O'u::tho(1::; C~n therefure lJ~ cmp!oyct:: \h~ fi10~t

commoi1I'1u$,:,d i:; the d::,n?·~·n"1cdio1 r.rw:c'c;:,>. zppli,:d
either iii cycloif~'ior in 5~Jr;C s~plrat('lrs.

SOffl(' llI~gnp.sit~ Oif:'S ~[C not ~menilblc tfJ grilvity
con,,:(:nUi'!tion, hCCilU;''::' the cOfltc::ir1::fd !1\,JIJ~~site l~

p'Jrou~ :md hJ-:i c1r1 A5G V')(y r.,:::~r tll')\ of tIle
~FI;")gvc. no 9c~lcral m~thcd is lJPfll:c.1b!e ill t!lic=
event. f\ ~:-ciir:lin(!ry.Di" C\'l;rl in ::.rJm;~ C."l:·C'; final,
ccnccntr"k can b·~ oh\r.ii)t:';J by nt=J'JI~·~\ic :~'~p'3riltio:l.

\·.~Ir:':-C!:V tll~ ~,l,'1gUL' ;~ c('!:'.'c{~d <1; CIP m;,~.rl,:'ljc

p,::,r:iGfi. It j .. pl)s.t;ilJl~ 1(1 P.~I:'<1IlCt;' t:'H~ rn~~!n:~t;c

prC';"~rl ~/~s (If t!:e 'JJIl~;:II~ bv c.1!r.in~l:il:;l under
r'?d<lcirItJ C-'.JrHJi~iUII<j,.I.l Fk!;;~tion ir, .'II:.'!;·,,:,r po~sihl('

n1rtl1od. IHlt it lL'quilf':' ri~til'.:r c"pcli:;iv:,' ~irinding;
the CO'ICI','f1[r.l!t! OI't,lil;l~d lJ\, f1o:JtiO:l I cqllires
calciria'io~l .-'od briqlll'i:1inq <;1':';:"1:; in ortfr'r to

1[,

l-J-..J..--J--1'_-'-_..J1l--_'---_1l--_-'--_-L1--
o 20'J t'X) £.00 GOO' '000

fC'"'r"J'clul"....c

fiQ. 1 C<:Imbinr:tj OT/\-OTG- TG diagr~rn for puro rn.JJrlc,il(":

i.,iti .... "'.":.";~,:,t 01 I;lmrle. ~ 1C, '"I)

is tvricel. der~lldin9 on the degree of
di!comnu:>i~jan.0:1 the oth~r hJlld. \hi; lJ~nutJc d(l~::;

not lIrHk'l"ljo .-:ny sinn i f ir.~Jn t c.h;:!{\9r:.'. ;'O;'"lrt from
lo~illg ,he b.."rr"J \....,:£1. I:~ ASG. 0111." ~::0"lly

;lffcctt?u h'y' tl1.-:- c:'!!cill,H;(\n prot.:r:'~;;:;. ht;comc:~

2.2-2,3 q/em). i'.~;rq!'l::r.i:l'. or r.Hller
r:.lll:;lic:c.~lcirled m,"lc~;c~i.). i~ then r:"l",~I,/
';-':'Ii.lr.-~!JI(~ hy dry (,r v:cl tjl.lvitv lneth0tlJ,
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l,me 0' coIC,ro'JIICIl, mi ....

U,!J',):lt'.lO;-'Y I:::~:r~

It is. \...·cll I-;flO '::II(,,1,1:I thi1t. en hC<ltinilto
~CO-IOCrC, 171~fJn~si:~ cJ('co:npo~!':i to r'/itj'J ~~il(~

COl: l!l~ rC(l.c;.iO;l '~~l~nrl.l;; c!llproxim:ltc!y
2·'1 kc:d/rn::Jl. I~ S2';;, !'):;s '01 wi..:ight t.!ccornp:..irll'J..i t!1!::'

f=ig . .3 L(\:, of ......'.l'i>;·hl Bnd B;Jt)'1,o:nt I;)e-::ik: CfI",ity e1

fu"ct·O~.l 01 l;r.,~ &l"Illl':'r:"l="~'8[Ur'!! 01 CIl:cin"tion for pu:t:!

r~'.i ,.. '~ lj\l~:~LI'~·,~'.'.l~ ~o ~,;l In"';:l .~,Il~J \;1;' 1:-,', I

I,SC ~_(---Jf-; l:'CI:l I, \'1,':: ~::il-;:r;I<·c1'ir.:);.-. IiI;" .-.Ii:,·:~
lof I\~;C; 7./C;lull·

1
) ll\' l:ydr;luli~ cl."l~~·~i:II";q~0!1:

Thl] pI'O((':-.--; r; int;~;'~~~.[II1~1. Llut h~d t!lf' (ll.-",-__ :'::(;k
th.lt {ilr:' f',1~;O VJ;:~ fl'(f.l\,'l'[f,d :v:; hVdlilU:d fl;',,:

pJni\~I~~~.. c\lld r'~q'\ir('~J (~(~II\,drllliOfl .11111 bri'_lU'::-i.1:1'
~tcps !.v~i(Jrc (k:.,ci·:)iJln:l~g.

;1 :.~:i·-::l-\,r !~·,~T.:\';· .... l'<': ",' -::";'1 :: ()~;1

(():l·'.I~\I(::ll r/ :1I1 (1:'~ I,\, C·! lI'I:;:I~)fl, III (,II:!.I 10

cf;I'LI ':,·p;l!:~:ic\n. IS H(\[ 1'::"\\'. 1-;l l di:rl'.'r.l dt'<;crdll"'d.:I
prrlc'~:-': L',' ....:lli(!11)~'rzl'.c~ ;1;( ~'~p:!I;l1pd (ren111,('

~jJ~'~:U:.l l)~' 1l':Jlill~J ,1( ~I Ir'rnp(;r ;!tUft~ 11::J~1 t'llO~I(]~1 to
eJr:lly(:r;lle 1I1~' 1)(Jf;I!CS to ~.llch <111 ('Xl'.';l{ tll;l! their
!\~; (1 ·:.·_'1·~ ,~I tr: f cd. ~:n 1h;l t :-'~ IL' r ~J I ;1);' f(om ilic i];'lhJU e
\'12:; ;lsliievecl. Oicor.:;d: ,'nd ~chl'nt'{ (kscrilv:,u
i1 prC'C(":<;' \'Jl1(~rc!)y crud',' rnJ']n~<jito:.. "'!;)'; ~'Jdd~:nly

5.ul)i','c\I:cJ to oJ r~l/lp~I~!~Ur~ ~.f)/I11~·.'\'ilrlt <:!lpy..'c th~

(l l~ O-QUilrll convu::jar) Inmf1::~.lltlil', (~)7~)<':c.:);
ttl(' inClc'-!~~ in volll;r~: lh:!t ~!':c:(\;np';ni::d (be QUJrl7.

,I
I

I
I

fit;. 2 Cv'l'lJ,~('d OTI\-lJTG-TG ~i;'~':lIT' for 1).1I1)\J(':

il,;ti.,1 V\."'=(j'\1 of ~;l.lT'll't~. 375 r1~

co'lv.:-rsion (00v. pL~c(' c:,,:ple::;.ivcly. c"'ncJ rrsl.lltrd in
~ur~~ir1tJ of t;l~ quull graifl~ end di-;intrgrJtiofl of
the r:1~r~lr~e5j:£, r~(}rtidrs in \"-Ihi(,lll;l~ qU:lrtl: \"J,'IS .--1

cnll"cuuco_ The qU,'rll r!:r-t ",uo lonnen wos c,csily
scp~-.r(:t('d horn rh~ Ci)~rspr mJ~n~~it=:' p~rtjclcs.

tl.cLollUh1in$ d':.'~.crilJ!':d J proc'~s;. b'/ w~lir.h

In~~l~o.;:.it~ ();lei \h~ ~.jiici:l g;liig:.:r. '/.'('i'C hCJlcd ilt
50CfC to d·'ClHT.~fJC'i~ rn .....:.~~:;itc. Th~ C;lkincd
rn,J~t'ri.:1 \".'.J~, r;.pid1i cool.-'c! i~ \"l.ner; ;':11""

<1irkrCllC'~ in r.(lfl;r ..~etjt')f1 1,~::·J.'~cn ~!iiCil .1IH.1 l\1Qu
C.1~J~."cl .1 uj:~i~)f':.'c;.r,]ti(I:\ cf ~:l:~ rT\,.... u":ri.~I .•111'1

etf[,c;:f:'cI.~t [hl~ ~.1rn'~ time ll~:.:'ch,.r.C"~t of t"~nO frOl'n
~ilic.1. Til .... prodllct nlC'~ n,~::;:":~~l ~hro\t!JIi ,Jrl "qit.llor.
\ .....:I~:I': ~l:rlll:~'r lil··::.1(~O~l \'.y: ,:':!zicvr:-d. cillo:' 10
'1Iff.·,n'l nf II" ,,'..-1, I, In ,1" f 1\;" ~ ,I,n

I
I
J
I
J
I
J
I

o 601')
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d,:,cornposition. Tho. ore test£'c! by L:5 \..... .3'5. fro;n
Orr.ldi.1. non!lcrn Gr~:c':.:c, 2nd h2d () $tcd~v;ork
structure; it con$istcd of nngncsitlJ. serpcnt!n~
or duni{·~ '.-:ith 'J(>ins of r.H.!9matit~.: (sccond::::ry
form.:fionsJ. f~(:c filllllikc qUi:!rtz ilnd s:licificc.J
r.l2terj,]! (m,'ljn:;$itc, ~"'rp':.'ntinc.or dL:r.it~).

i\'~?rJr~csitl' ~rlPCim...rls from tli~ orcs t~st:Jd ~hO''''iCd

the-tYiliol DT/\-TG-DTG diag,zm (Fig_ 1);
(leak temperatlJrc·;s ot G30-70C'C. in agreernent

lim .. 0' C.,lc;"oloo". m'.'1

Fi<]. 1\ Lo~, 0' ...,,:,';,1', ,.nc1 nl':....H('nt ,~..... c:iric ~r ..·,iry liS

fllf'clion, of lim.] "fLd t"nt;l1r:llUie of COllci""tio" fC"( ~-=n~u~

v"i~h rile 0'-~n'..'r~~lly rrjluncu vo1hll:,~.11 The dunitc.
\·..I,icl, C():l~:lif'.H;~d t:l£_' r~1;.jor fJJrt of !;l'''' q:::n:jiE',
'.Jlll\'.·4~d th~ lypic.-d :)"1 r\~- TG- DT(l di'~!lr(l:'1l

(riC). ?); ,':; ~:r_·I.'n frllm I"(~ TCi Cllr\'~. <l 0r:~L'1I .. d
10:-:"; of \\i~iJ:ll, l:uinl'l (:11'.:' 1(1 r:.;ll·/(;r.1tip:l. \'. '1':

I ,. ,



I
~ll~ r\\\\~ L, \~\;~fl::•."d \JlIii~ 11)" )1';:'I'_~'li~:l I".

!rl:tlr'~f:l"'l .11 :JI,I~rC -I iii! Ill! II Ill'." (If \·.'r'lTi~11 \'.,,-,,;

.'!J;Ul} .... i ' I1.:11 f ·l/ /()~~. -

PllOT·rLI'.r.rf Tf~';'S·- s.f:r'\llr,no~.s IN Or.H5E f..~f:(Ji/\

/dte/ tl"l'~ pr'~I;jni"llfV I,lbor':ltory in'J~':"~ti~F~l;Oil..

ni1ot-pl2nt t':':;t~ "/NC (;Ofl(!UCICd witll tile Ll~~ of
c!C:l:-J::'n1,:,d i ;) ~,,~,?;-[!tion in,) COil':! (Fig. ~I). The
run·of-rniih' O'I~. a{t':r.: rnc':':h<.wic.Jl rrEr:lrt:tion
tllld prelimii"l.lry conccntrJtiClIl sip.p as dl.."s::rib2cJ
b21oVl. \':,"1S crL1shCd 2nd scrcen'?d to -, 7 ~·2 rnr:l
(where the UPi.:cr ri:-Tlil W2~ c(:cidcd Oil Ih~ b~-:;i~

(If lil~r~r,jtiO;-j cOI~si:!~r;)tions ;>nd the lo...,,'~r on rO'i.nr'l
kiln feed ~cquir{:m~nt~), "':lei cJlc.ined in a rot(~r,'

~:iI.1 of Icn'J:h 3 UI and ~~iJ:ll~tC' D.G m, fired \':ii~l

dirs.el oil. Th~ t'~'rnp['ra~urc':,~5 kept at 708-7:)IJ"'C:.
The CJlci;F~d r:·h~t£.,;i;:!l W;1:; th;.:-n scrcer.cd to ~r8d'Jc.'3

I!Hf:~ frilCrlfJW;. -2. 2-12 ;ifld ~'12 mm, The
+ 17.·rnm fr.lc;,i;J/l ,':J~ \.'ery lean in calcin~c1 rr\~.~:"\'::'S.:d

.::nt..l \'.'JS rC'i-:'c::~:d. Thi,:> 2r~1i~rCi"ltl'l h'::f>pci'leu 1J·:,·:2'U~·:· .. ".,'
the lu~~r i,1:~("J p2iliClc::;, IJcin] friflel!.;'. v!('rl!

~'.ItOY·~il(,'JIJ~:'1 :,rolJnc.Lb'l ~~~£' h'lrd ::4,Jnr;~,\? n;:ri:i:.:i('~

in t!H! rOi:.1r'l kiln. The -7.·mm fr01ction- v,'a.' quit':.'
rich i:l calcirr:.-u ;;lJgn(':ii,J, v.'hich could G2 r~~o,...cr::,'d
ejUl'.:'r Gil a r:':':I·,'·t\'i'J~ pneumatic table fo:'" fine'
p:?rtic!{..:'i or bv floi<:tioil.

HOI,·"~''''er. lhi~. fii1r. fr,",,(:lion v:lJu!d crc ...'~
difficulti('s c!:J:'"i;~g the ~:"Y~~Q!Je'll firiil::i !O

prod'Jc~ d~Jd·lJurl1t m29'l~:.iJ, and therefure it I,'.'':~

('xcl~Jdr.d frOr7l ,h,; tatai n:c:o'':i!rcd mi:lgflcsiJ. The
2-12-ITI:'1 fr~~':iiop '1//2':> trC'J~cd by the dCl:5~·m,:,ci:::;

... rC'ccs:;. in oJ COile. A SUS{J0n~ion of FeSi and
m('9nctitr~ in V/,li:~r. \·:ith ~p~cific gr;lVity 2.10 9/crn3,
\".15 USI.!'d .,):; th'] dcn5'J mrdajrn; its ~~tt;ing nnd
vi~t:rJ:;i't',' cll;:-)(<lC1erisi.ics I,':::rc imfJ.ovcd bV sr";n!l
i1uclitions of b:-n!onitc. lhF: weights and chcrnir.3i
analys~ of the products of the scplJrc1tion (Ire
given in Fin. S.

The znoly,i, of the floJt material in the
sink-f!o~t5ej)~ra:;on cO'Jld be con,idcr"bly
uflgradcd b'{ u~,~ of a lo':/cr"d'~n$ity medium.
This 9f"!ncr2lly rc::ultcd in 10..../ (ecoveri~~.

hO .......~'J'=r. l!1~d it ,.\" ..~s r:ot rr(J(;ti~~d. LJ~C~illS~ it '.'V~!';

ousC'f'Jcd th:l Ili;Jrly 011 lh~ irnpllritie~. in th,':'
(I0Jt (r\\ctio~\ ......,!:'"~ n'~~l\':!t;c and could be rClnuv~d

hy.J nlilynl.:-tic ~!:'pJration, to 9ivc the firnl
COilcen[rc:i~ ~;liI)\"/n in rig. 5. 1\--:. mentionc(! ilbov.~.

t!lC conc~ntr<lt~ is mainly ill tll~ form af r\i<]lOH), .
The cquiv;-!elll ,1n10l1:1t in r,..,UO i~ e.s~~ of I.:~e

crir.~i:'·."JI, \".. iiil C:l('fllicid JIl~dv:.i~ referred to r·.':({) ;.1',

foII0";,'5: Si,,',: 1.1'!O;, CIO: l.~l%, Fe, 0, :(l.ll'.'~.

:rtl(~ rnClun,~,.t ic rL'r:O'/Crv rrorn the or~ i'~

,;!1proxilTl;"l\t'IV G~)'~:).

\lit' t\/i;ic:~l d "'\l:l~jJl):;itj{Jll u: i"~llOII),. "ilt.ll p':'2k
'f'/l\p~~r,1tllrC' ~\t ,:,ltfC, ill :j~JII~f'[nr::lt \\,j':il :iH!

plrlJlj'.!lf.'d v:·h,:::.'l EX,111~in:lti01111V >: r;IV
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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 Kesource Studies between 18th April. 1983 and 1st May. 1984.

At thi~ time work is continuing on the development of flotation
techniques to provide a magnesite concentrate to meet specifications as
outlined by M.D. Laverty and detailed 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
flotat101l. Other test programs on gravity benefication and
hydr~netallur9ical refining have been conducted by separate organisations
without the involvement of this laboratory.

2. SUMMARY OP RESULTS

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

Exam1nation of the mineralogical data indicated that t~~ grain size
of the ore is too fine for heavy media separation methods. ~ith the
maJor1ty of yrains in the size range of 100 to 200 micrometres (pm)
either yravity separation or flotation would be applicable. Although
some iron sulphides 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 information from the
literature. bench scale heavy liquid separation tests were performed to
confirm the grain size at which liberation took place. indicate the
feasability of gravity separation and to gain further information on the
presence of the iron. Thi~ 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 for benefication by
flotation has proceded.- Testwork in this area has progressed to the
stage where approximately 11% of the new feed material has been
concentrated into a fraction containing 91.6% MgO. 1.29' CaO. less than
0.5' Si02 and 1.29' Fe~3' Methods of increasing the recovery of
magnesite to the concentrate by increasing selectivity in the primary
float are being investigated. Future work will include cleaning and
upgrading of intermediate products to increase recovery. optimisation of
grade and recovery. and budget type economic evaluation of alternative
flowsheets.
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2.

3. BROAD EVALUATION

3.1 The Atm of the Testwork

The testwork as initiated was conducted under the following atm:

"The objective of the initial metallurgical testwork is to
determine whether or not by applying bulk flotation or
heavy media techniques. a substantial upgrading in 1190
content can be achieved with a resultant dramatic decrease
in 5i02 • A1203' Fez03' and CaO: i.e. is it
possible by stmple benefication methods to produce a
magnesite concentrate that when dead burned at
approxLmately 11000c will report the following order of
assay values:

plus 95\ 1190
less than 2.5\ Si02
less than 1.0\ Alz03
less than 1.0\ Fez03
less than 2.0\ CaO

The abllity to produce a range of products at less
stringent assay values will also be stUdied. 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 specified for testing and
are listed below:

I
I

1055545
1055~66

105~5n

1055606
1055608
1055612

1056512
10565:l"J
10~655"J

10~656"J

105656"/
10565"16

I
I
I
I
I

3.2

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

Interpretation of the Data Available

The mineralogical and analytical data presented in AI1DRL reports
GS4660/63 and AC4660/63 and Central l1ineralogical Services report
CI1S 63/3/6 were examined. Rxamination of the sample in hand
speclmen was not possible for although some chemical analyses had
been conducted at the ZC Assay Office all of the material available
had been crushed to minus 1.66 rom (10 mesh BSS).
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3.

~ literature survey indicated that magnesite is recovered
commercially from ores with silica, dolomite and calcite by both
heavy media separation and flotation. In general heavy media
separation is applied to ores where satisfactory benefication can be
achieved at a particle size of 3 rom or greater. Finer grained ores
are ground and separated by selective flotation of first the silica
and then the magnesite leaving a calcite/dolomite tail.

The above information can be summarised in the following manner:

(a) In most cases the grain size of the magnesite and other
minerals in the Lyon's River Ore is less than 2 rom with the
majority being between 100 and 200 microns. Heavy media
separation is 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
a magnesite 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. •

(c) In all of the 12 samples of direct interest magnesite is
the major component. Therefore. it will be preferrable to
re,nove the undesirable minerals from a high grade magnesite
tailing. There does not appear to be a commonly used
flowsheet for dolomite flotation with magnesite depression
although technical literature on flotation fundamentals
would suggest that it is possible.

(d) There is 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 sulphides are not present in significant
quantities. It is possible that most of the iron is part
of the magnesite structure and therefore is not amenable to
benefication. The form of the ~l 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
dolomite and so it is hard to predict how much Mg would be
rejected with the calcareous gangua. Results and assays
are therefore reported in two forms. as dead burnt products
and as. reconstituted minerals where it has been assumed ,i
that all Mg occurs as magnesite and all Ca is calcite.

Benefication of the Lyons River Ore could therefore be
possible by either gravity separation using equipment
typically used in the beach sand mining industry or by
flotation. In the latter case it would be preferable to
US~ d revers~ flotation process where the gangue minerals
dre floated from the desired product giVing a magnesite
rich tall dS the ~flnal concentr~te~.
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4.

3.3 Testwork

Because of the relatively small quantity of material available
in each of the twelve specified samples it was decided to prepare a
bulk sample to be used for flowsheet development. ~en a feasible
process had been developed for treatment of the representative bUlk
testing of the individual samples could be undertaken to indicate
variability within the orebody. Two bulk samples were prepared
from 52 samples originating in DOH 1 and 28 samples from DOH 2 as
recommended by CRA Resource Studies 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 No. 1055545 (see Table
3.1 below) was chosen as being fairly typical of the ore while the
second. No. 1056516 was chosen because of its relatively high
dolo.ite : magnesite ratio. For comparison the testwork conducted
on these samples was repeated on the two bulk samples.

TABLE 3.1

SAMPLES SELECTED PaR HEAVY LIQUID SEPARATIONI
I
I
I
I
I
I
I

Identification

Chemical Analysis
Si02
A1203
Fe203
HgO
CaO
LOI

Dead Burn Assay
Hagnesite
Calcite
Quartz
[ Fe:p3]
Other

Sample 1 ~ampl" 7 RIll k 1
1055545 1056516
DOH 1 DOH 2 DDH 1
161-164m 315-380m

4.98\ 3.02\ 3.03\
0.05 0.05 0.05
0.534 0.92 1.121

44.20 41.32 43.13
1.311 5.45 2.61
49.02 49.35 49.38

86.1\ 80.9\ B5.4\
2.51 10.1 5.2
9.8 5.9 6.0
1.0 1.8 3.4

a 0.1 a

Bulk 2

OOH 2

4.96\
0.05
0.121

42.13
3.02

48.44

82.9\
5.9
9.6
1.4
0.2

The specific alms of this testwork were to:I
I
I

(a)

(b)

Indicate the grain size at which liberation of magnesite from
the other gangue minerals occurred.

Indicate if sufficient specIfIc gravity differentIal e~isted

between the magnesite and ·the other minerals to allow gravity
separation to take place.
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This initial series of tests used tetrabromoethane (TBE) at SG
2.95 in an effort to separate quartz and calcite (2.1) and dolomite
(2.8 - 2.9) fr~. the magnesite (3.0 - 3.2). The samples were sized
on a total of 11 screens in a ~ series with apetures ranging from
1680 ~ to 53 pm. The individual fractions were subjected to HLS
and the recovery of the mineral species to the sinks fraction is
summarised as .igures 1-4. The following conclusions were drawn
from this data:

(a) A good separation 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. Carryover of calcareous
gangue into the sink fraction was significantly greater in
both the selected sample and the bulk sample from DOH 2.
This is probably due to a higher proportion of dolomite to
calcite and/or to a higher SG of a Kg rich dolomite.

(b) High recovery of iron to the sinks can be explained in two
ways; pyrite identified as being present by microscopic
ex~.ination. and solid solution Fe as seen in the Savage River
deposits. It was felt that some Fe could be removed by HLS
at SG 3.25 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~. At sizes above 600 pm selectivity
decreased in both the No. 1 sample and the No. I bulk.
Although grinding to 600 ~ gave reasonable liberation in the
No. 2 sample. the No. 2 Bulk sample needed further grinding to
425 pm to release both calcareous and siliceous gangue. The
decrease in selectivity below 15 microns in the individual and
bulk sdffiples from No. 1 DOH 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
species or the presence of a Hg rich dolomite.

The concentrates produced. although not to specification. were
encouraging when the performance WdS considered over the size range
most suitable for gravity separation. i.e. when the very fine and
the very coarse particles were disregarded. The dead burn assays
of simulated gravity concentrates are compared in Table 3.2 below
while full test data is shown in AppendiX 2.

TABLE 3.2

SIMULATED GRAVITY CONCWTRATE:S .ROH HLS

I
Analysis

H'JO
CaO

95.77
I 35

No. 2

92.29
4 42

No. 1 flll I k

93.07·
1 J?

No. 2 flu I k

94.5
I 93

Spec i fica t ion

95.0
") 0
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A seeies of HLS tests using Diiodom~thdne (SO 3.35) diluted
with benzene to peoduce a vaeying heavy liquid S.G. was conducted on
the No. 1 Bulk sample. The aim of this woek was to optimise
magnesite concenteation and to lmpeove icon eejectlon. The eesults.
summaeised in Figuee 5 show that although it is possible to eeject
both silica. calcaeeous gangue and a peopoetion of the icon mineeals
feom the magnesite by geavity m~thods it is unlikely that these
methods will successfully eeduce the level of icon in the magnesite
concenteate. The minegeaphic testwork repoeted in the following
section confirmed this point of view.

3.4 Hineeagraphic Investigation

The search for iron bearing minerals was careied out on a
small scale. Samples of four different mineral groups weee
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 daekest mineral contained the most icon but
there was also significant iron in the almost "pure" magnesite
samples. Inclusions of iron sulphides wheee not visible indicating
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. This suggests that will be
impossible to peoduce a magnesite concentrate to icon specifications
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 is not
large enough to allow effective separation of the minerals.

TABLE 3.3

HINEGRAPHIC EXAMINATION OF HAND-PICKED HINERALS

Hineral Group Hineeal Assays Dead Burnt Hineeal Assays
Characteristic ~ Fe203 U!sQ \ CaO \ Si02 \ Fe203 U!sQ \ CaO \ Si02

1. Translucent
White 2.991 1.15:! 45.91 0.621 1.519 2.34 91.66 1.26 3.0B

2. Clear-White.
crystalline 2.90 1.926 31.69 6.28 1.41 3.60 10.51 11.15 13.86

3. Translucent.
COloured 2.915 1.230 46.06 0.569 1.031 2.52 '14.39 1.11 2.13

4. Orange-Beown 2.981 2.93 42.51 2.98 1.101 5.81 84.36 5.91 3.39
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1.

Conclustons

The first stage of the testworK indicated the following:

78110~

Following the initial testworK and confirmation that the Fe content
of the ore is primarily associated with the magnesite, revised target
specifications were advised by CRA Resources. A magnesite concentrate
with plus 91\ MgO. 1.0\ Si02 and CaO:Si02 2.0 was sought.
Secondary products would also be of interest if the above target could be
reached.

I
I
I
I
I
I
I

I
I

(a)

(b)

(c)

(d)

Some of the iron in the Lyon's River Ore is present as a
sulphide mineral but in general this is only a minor
quantity. Host of the iron is present in intimate
association with the magnesite.

Liberation of the individual mineral species takes place at
sizes ranging from 425 to 600 microns. At this size both
gravity separation and flotation are applicable.

Heavy liquid separation indicates that gravity separation may
be feasible for the rejection of siliceous and calcareous
gangue and pilot scale studies were recommended. This
testwork was conducted by another laboratory under the
direction of CRA Resources and the results reported
independantly. It is believed that this testworK was
unsuccessful.

The production of a magnesite concentrate by flotation should
be possible although a flowsheet for the flotation of dolomite
calcite and silica from magnesite was not found in the
literature. A report of this testworK follows in Section 4.

4. FLOTATION TESTWORK

I
I
I
I
I
I
)

4.1 Literature Survey

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

Because th~ Lyon's River deposit is a high grade magnesite ore
it will probably be preferable to upgrade the magnesite by reverse
flotation if a significant recovery of material to the magnesite
concentrate is possible. This will minimise the size of equipment
needed for flotation product handling and alleviate the problems
associated with the flotation of a large quantity of material from a
relatively small gangue component. TestworK however. has included
schemes which do float magnesite. It may be preferable to use
direct flotation if the specified concentrate can only be produced
dt low recov~ry of magnestte.
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4.2 Testwork

8ecause of the better knowledge of the composition of the No. 1 Bulk
sample It was selected for the preliminary testwork however. the second
phase of the study has been conducted on material from the No. 2 Bulk as
supplies of the No. 1 bulk were depleted. Grinding one kilogram of No. 1
Bulk sample at 50~ solids by weight in the laboratory rod mill for four
minutes gave the size distribution shown in Table 4.1. Testwork has
indicated that a grind of eight 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 suited for flotation
and gave good liberation while minimising the production of fines.

TABLR 4.1

SIZR DISTRIBUTION OF MAGNRSITR AFTRR GRINDING IN
TIlR LABORATORY ROD I1ILL AT 50\ SOLIDS BY WEIGHT

I
I
I
I

Screen Apeture (~)

420
300
210
150
105
75

-75

\ weight Retained

0.01
0.43
4.55

16.29
18.56
10.79
49.31

100.00

cumulative \ Passing

99.99
99.56
95.01
78.72
60.16
49.37

I
I
'I
,

I
I
I
I
I
I

Once an initial grind had been selected flotation testwork commenced
to test the flotation response of the three basic mineral species with a
large number of possible reagents. This initial period required that
tests be performed in 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. Initially 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.

Rxamination of the assays from the Initial tests indicated two
silica collector~ which appear effective. Tests with these collectors.
Aeromine 3037 and DUOI1AC T. gave Lmmediate 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 1s more difficult. Numerous
collectors and depressants were tried with lLm1ted 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 producing magnesite concentrates of 95\ HgO and
approximately 2.5\ CaO but the recovery to these concentrates was small.

The only reagent that has shown any selectivity for the flotation of
calcite is dodecylamine. In the best test to date a calcite concentrate
was produced with the dead burnt analysis of Bl.4\ HgO. 16.1\ CaO. 0.5\
Si02 and 1.51\ Fe:z03' Respective recoveries of HgO and CaO from ~ ~..»-•..
the test feed were 15.15\ and 46.35\. This represented 4B.1\ and 92.5\ '\
recovery respectively from the feed to the calcite,flotat~stage~ the
test. In terms of magnesite concentration the test is seen to be /
~uc~e~~ful in that it produces a magnesite rich tailing which meets • ~~~>
specification as well as a slightly lower grade magnesite concentrate:'
Full details of this test are shown as Figure 6.

The area.s which offer the greatest chance of tmpcQved perfOnndnCt2
are the rejection of magnesite from the silica concentrate where
approximately 20\ of the magnesite has been recovered. and rejection if
possible of the large quantity of calcareous material which has reported
to the intermediate magnesite concentrate i.e. greater than 34\ caO
recovery. This latter area may be dlfflcult with the No. 2 Bulk samples
and its higher dolomite 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. Analysls
of these results will indicate the possibility of improving performance
and give more information on the possible grade-recovery relationship for
magnesite by direct and/or reverse flotation.

4.3 Future 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 improved performance in the areas inve~tigated but it is still
likely that further improvements could be achieved by regrind 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 pilot plant evaluation follow.

Once the te~hnically feasible flowsheets have been outlined it will
be necessary to evaluate the economics and give 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 suitable stage.



OOHPOSITION OF BULK S~LKS

The bulk samples were produced by combtntng mater tal from the
following samples with the weight of sample used being determined by the
length of core it represented.

10.

Sample Numbers
From To

1055531 - 1055541
1055552 - 1055516
105~~69 - 1055594
1055605 - 1055613

1056509 - 1056512
1056530 - 1056535
1056551 - 1056553
1056566 - 1056514
1056516 - 1056561

Interval
To
metres

110.2
261.0
311.1
369.4

120.0
200.1
265.0
310.0
403.0

Sample
From
metres

139.0
162.9
296.9
341.5

APPENDIX 1 - S~L~S

100.0
115.U
250.0
325.0
315.0

DDH Number 2

Bu1~ 1'----''------''D'''D~H_N'''um=b'''e'''r'___'_l

Bulk 2

I·
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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TABLE 2: Sink Product for IlLS of No. 2 Magnesite SdJUple with TBE at SC~2.95

lIT rRACTION
SIZE TO SINKS 1190 C..O Si02 Fe2'J3

1680 5.10 0.185 90.96 4.654 2.049 1.966
1200 16.40 0.1"71 91. 41 4.744 1.451 1.910

850 16.10 0.186 91.51 4.336 1. 339 1.960
600 13.45 0.800 92.53 4.124 1.056 2.019
425 9.20 0.533 93.18 3.004 1. 019 2.118
300 1.00 0.801 91.62 4.190 1.149 2.018
210 5.45 0.168 90.51 5.198 1.061 2.093
150 4.20 0.102 90.14 5.603 1.011 2.211
105 3.40 0.181 95.21 1.836 1.510 1.311
15 2.15 0.183 90.09 6.054 1.009 2.426
53 1.60 0.648 90.92 4.914 1.011 2.168

-53' 14.15 1.000' 81.01 12.02 4.519 1.910

I\.PPRNDIX 2 - HEAVY LIQUID ~KPARATION TBST DATA

TIUlLB 1 : Sink Product Por ilLS of No. 1 Magnesite SdJUple with TBE at SG=2.95

lIT rRACTION
SIZB TO SINKS MgO C..O Si02 1'''2°3

1680 1.45 0.896 89.32 1.565 6.831 1.436
1200 1.42 0.863 93.32 1.463 3.401 1.136

850 11.64 0.858 92.54 1.368 3.862 1.162
600 22.26 0.820 94.99 1.266 1.984 1.185
420 13.13 0.860 95.25 1.280 , 1. 920 1.158
300 9.31 0.850 94.6') 1.298 1.691 1.233
210 6.82 0.850 95.61 1.284 1.411 1.193
150 4.66 0.862 95.14 1.312 1.491 1.215
105 3.41 0.621 93.06 2.111 1.009 2.426
15 1.90 0.846 94.11 1.591 1.495 1.440
53 1.20 0.821 85.02 3.302 10.12 1.509

-53' 10.14 1.000' 85.1 3.054 9.304 1.385

11.

Pine material not treated by IlLS but included for information.,

I·
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TABU, 3: Sink Product For HLS of No. 1 Bulk with TBB at SG~2.95

WT FRACTION
SIZB WT\ TO SIIIJ(S 1190 CaO S102 l'e :z03

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 0.8B8 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 92.57 1.309 2.200 3.471
300 9.03 0.876 92.96 1.305 1. 991 3.486
210 6.62 0.B68 93.10 1.303 1.663 3.609
150 4.61 0.839 93.09 1.124 1.584 3.725
lOS 3.64 0.859 91. 74 1.916 1.870 4.014
75 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 85.75 4.704 4.685 4.171

TABLB 4: Sink Product for HLS of No. 2 Bulk w1th TBB at SG~2.95

SIZE; 'orr. I'RJ\CTION 1190 CaO S102 l'e:z03

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



Heavy Liquid Separation of Individual Size fractions
from sample 1 Uslnq Tetrabromoethane (SG • 2.95)
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Heavy Uguid Separation of Individual Size I'ractions
Prom Sample 2 Using Tetrdbromoethdne (SG ~ 2.95)
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Heavy Liquid Separation of Individual Size Practions
Prom No. 1 Bulk Usinq Tetrabromoethane (SG ' 2.9':»
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Heavy Liguid Separation of Indlvldual Size Practions
Prom No. 2 Bulk Using Tetrabromoethane (SG • 2.95)
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ReCOvery of Mtnera\ Spectes to SinKs wtth HLS ~T SG 2.95
and to the Floats with Cleaning at Higher SG's using
Bulk Sample I Used
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PIGURE 6: Selective Plotation giving a Magnesite Rich Tail and an
Intermediate Magnesite Concentrate
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FILE NOTE 7.2.6

MAGNESITE SPECIFICATION - Meeting with Tore Vraalstad.

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

CaO less than 0.025 ratio but as low as possible
l1glJ .

Acid soluble silicon - as low as possible

MgO greater than or equal to 46%

Fe
+ ) less than 1% combined

Al

Ni less 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?

CuI
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

NaCl KCl
= 0.8 to 1.0

CaC12 (-tflaC1 2)

SIZING smm to 50mm initial
smm to 100mm is possible
5mm to 25mm mi\Ybe

will advise what optimum is,

~u-.
MJK

CC: Tom Dtckson
John Danbar
JKH

r,SLl14
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