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SUMMARY

The complex and uncertain nature of the magnesite processing and
marketing situation is discussed as a background to the work on the
deppsit to date, with the subject being expanded upon in Appendix 2.
The reluctance of Savage Respources to invest heavily during recent
years is linked to a dismal cutlook in ths world market, but there
are indications that producticn on a smaller scale, and of a highly
developed end product may be becoming viable.

Some inciderntal discoveries in the processing research interact with
the definition of the resource both in bringing into the processable
category some relatively high iron magnesites and also some of the
hiagher delcomite portions.

The magnesia  that is extractable in the preferred version of the
carbonic acid leach process comes from that part aof the Mg content
that is contained in the magnesite mineral. The richer magnesite
rock containing 89-20% MgQCO3 in magnesite is the commenest rock type
in the Magnesite member, the grade 4£6-80% less than halt as abundant
whereas Lhe grade J0-84% 1is scarce.

Some stratigraphic adjustments to the drillhole correlations have
beern made to take account of evidence from an ochre search costean
near MC 12, Revised assay tables are appended.

A new set of maps Is in preparation inteded ta show a collation of
all the mapping work in the area. The old drillholes on the Long
plain South deposit are positioned and new data an the EBowry Creek
section ie presented.

Field worlk has been minimal in the last two years but there have
been advances in geological concepts . These include refinements of
stratigraphic detail, the stratigraphic control of crystalline talc
develaopment in ths 2/8 stratigraphic zone and the concept, as yet
too new for testing cf Carlin Style gold inm the siliceous portions
of the deposit.

Feasability af the magnesia production option depends far more on
factors dawnstream from the mining side (most of which is outside
the scope of this report). The previous assessment of reserves as
adeguate to the point of overkill continues in this report.

Plans fecr a major drilling program are presented.
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1.0 Intraoductiaon

Work on the magnesite project has been proceeding under the censtraint
imposed by a very poor market outlook for magnesia products. The
principal problem is that in the largest market; refractories for
steel making, the newer technolagy using the basic oxygen furnace
consumes much less magnesia than the older open hearth furnace to
which the world magnesite industry was geared, and as the new furnaces
come irn, the usage per tonhe of steel produ:ed' is declining wWhile
warld steel production is static. Overcapacity in the world industry
and shalk=zouts pf producers are still prevailing although not as
cerinously as in 1983. In these circumstances, and after the Mines
Department interpretation of retention area requirements seemed
unattainable it was decided to take the other option of leasing the
relevent ground at the expiry of EL 476!, and to contentrate effort on

bther prospects.

The depressed state 0f the steel industry has also blocked a trend to
the use of higher performance refractaorles which minimize downtime.
Qur hopes 0f marksting a high grade product produced by our patented
version of the carbonic acid leach process have for the moment been

stymisd.

This trend may be coming to an end, so that some further drilling of
the deposit to locate an optimal site for mining now seems justified.
Even so the original concept (1980) of going for 100,000 tonnes/year
of high grade Mg0 product seems too big for the available market.
Options forr otker magnesia products have become more hopeful and
magrnesium metal may be an optian. This wuse has different quality

limitsg,
2.0 Peview vf the magnesite project.
2.1 Magnesia for refractories

Auite early in the investigation of the Main Creek deppsit it became
clear that it was not a good material for refractories without

keneficiation, and that the iran content in splid solution in the
magnesite mineral would restriclt any physically beneticiated end
product to the crowded, lgw wvalue end of the market, and would be

unlikely to compete successfully in the Australian market.

It is not that the deposit 1is particularty high im iron by the

standards normwmal for a mnacrperystalline style depositj the western
portion is rather low in iron by these standards. 1t is conceivable
that =& range of products matching those of Magnesita SA of Brazil
{Cocpe}), ref. (27} could be produced from the Main Creek deposit, but

the best of the large gcale deposits in Liaoning province, Manchuria,
China are capable of producing a significantly better magnesia 1in
terms o©of iron content. Duncan (1986), ref. (32). The Australian market
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is adequately =supplied by wmicrocrystalline style magnesite deposits
which are typically low in iron, This situation prevailed even before
the world's largest microcrystalline magnesite deposits turned wup in
Central Gueensland. Clarke (1237) ref, {(235).

It is possible that the uwnusually low content of aluminium and of
boran found in the Main Creelt deposit would make the end product
perform better than its iron content would indicate, but tp establish
an entry to the market a premium line is5 essential and the effort put
into the development of the carbon dioxide leach process is aimed at
bettering the top quality brine/seawater magnesias.

2.2 Prpgress ot investigaticns

The deposit has been investigated on a narrowly targeted basis because
the major limiting factor has usuwally been obvious. From the time the
first two drillheles were completed and assayed it was understood that
guantity was adequate to supply any realistic production (c.120,000
tonnes/vertical metre in the 200m strike length between the creek
sectign and MC 1 alone, i.e. 12 m.t. over 100m depthl, so long as the
quality defects could be rectified. The raw material is nhot suitable
far refractory Mg without beneficiatiaon, silica tas quartz or talc)
and calcia (as dolomite) being gquite higk although alumina is very

low; see Edyvean, (19272) ref. (34). Certain minor elements (boron,
spgdium) proved to be present in minimal quantities j see fFrost (1584)
ref. (40), The problem of guartz/dolomite impurity appeared amenable

to photometric sokting, at least where the dolomite was distinctly
grey in contrast to the white magnesite. Beggs (1981) ref. (3), Ore
Sorters Ltd. correspondence. In the western portion of the deposit
there is little colour difference between the dolomite rich phase and
the remainder so the optical sorter might not work consistently. But
the problem of iran contained in splid solution in the magnesite is
serious and has had to be approached by developing a carbonic acid
leach process specifically designed for this deposit, in studies
commissiched by I.M.I. frpm the C.S5.I1,R.0, directed by John Canterford
(see refs. S to 24 inclusivel.

2.3 Gsological contrnl on samples used +or process developpment work.

The material used in most of the laboratory tests has come from either
MC1 and MCZ core or the Main Creel: surface sectipn, selected withput
reference to the detailed stratigraphy discovered later on, but also
without keeping record of core intervals and measured section notes
from which & good reconstpruction could be made. All is not lost
however since there are consistent chemical trends in the deposit
which provide a2 check for attempts at recenstruction. A& later series
nf samples were selected from khnown interval of the MC 28 drillhole,

cee ref. (20},

The initial laboratory work was done with a series of S samples
selected from the drill core pulps preserved by the Mines Department
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laboratory, left over +from the splits sent for assays) (see assay
tables for MC 1 and MC 2, also drillhole sections). The text of the
first progress report preserves some information (Canterford and
Everson IRR 1028, (1°979), ret. (P}, pB-9. MAG 1| was selected from the
dolomitic zone from the top of both drillholesjy this is certainly the
dolomite interval Q713 MAG 3 was selected from other
dolowmitic/siliceaus material in the two holes. This would have
included the dolowitic zone about marker 2, and also the one at c.185m
in MC 2. At a carresponding distance below marker 1 there is a thick
cluster of greenschists, marker 4. These break points provide a
cochvenient division of the remaining core into thirds for each
drillhole, and it is suggested that the top thirds went into MAG 2,
the middles into MAG 3 and the bottoms into MAG 4. The assays show
high iron, low acid insolubles in MAG 2, and low iron in MAG 4 which
is compatible with the detailed assay tables.

From the {lpst, annotated?) original assay tables the expected
compositions were calculated as follows:

TABLE 1
mMgQ CaQg
MAG 1 26 23
MAG 2 q4 2
MAG 3 41 q
MAG 4 42 |
MAG S 37 10

After amalgamation, assays from the bulk samples were as follows:

TABLE 2
Mg Ca Fe Co3 acid insols.
MAG 1 12,4 17.3 0.70 &3.0 8.23
MAG 2 25.2 2.08 1.79 70.5 0.83
MAG 3 22.3 I.99 1.794 &7.5 5.45
MAG 4 25. 2 2.61 1.18 &49.5 1.58
MAG 3 21.6 &6.02 1.33 64.0 5.74

Later, & series of samples were taken +from the Main Creek surface
outcrop between what has since been called marker 1 outcrop and the
intferred position of marker 5 (determined +from subsegquent mapping).
The section was pegged at 25m intervals, 0-175m, and 7 samples were tD
be collected, but in 2 cases a pair of samples were bulked together,
mast probably 0-25 with 25-50 and 50-73 with ?3-100 . Records of which
ones were lost. But at least the chemical signature of the segquence
coanfirms that the samples are in arder E to W. The assays are as

follows:
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TABLE 3
Mgn Can Fel co2 Sio2
3301 43.11 3.62 2.20 50.93 0.73
3202 41,95 q.4¢4 2.12 48,36 1.5%9
3g02 q42.61 4. 38 0.9% 49.83 0.71
3804 41.78 4.98 1.01 51.03 1.18
2305 43.43 2.4 0.71 S51.44 2.07

A bulk sample was prepared from splits of these samples which
responded ta CO0Z leach processing well and was closely comparable in
bahaviour to the MAG 3 sample used as the basic workhorse for mast of

the experiments, ref (9) pé.

It also indicates that practically all the process experimentation has
been using material that is unneccessarily difficult in terms of iron
content; It corresponds to and attempt to process a blend of the
central and eastern thirds of the deposit with the better qguality
westerp third execluded. Conversely 1t means thatin this area the whole
deposit can bhe utilized, bar the obvious silica/dolomite zanes

2.9 Beneficiation after the 700 deg.C calcination stage.

The rock has a 2-phase texture with marked segregation into
dolomites/silica rich and magnesite rich phases with the magnesite in
isolated bodies 2-10cm across, in a net of the more coarsely grained
dolomite. The {feature is very obvious in photos of the calecine e.g. in
Canterford, MCC 518, pl4, ref.(S). After calcining at 700 deqg.C the
magnesite phase is red-brown while the dolomite/silica remains white.
The magnesite mineral is decompcsed whereas the dolomite still
contains carbonate, The red magnesia calcine disintegrates to a dust
on sieving, the pother minerals remain as coherent, larger pleces so
putting the raw calcine through a nest of sieves and rejecting the
oversize provides a remarkably effective beneficiation: "High magnesia
crude calcines prepared +from the bulk ore samples provided for most
studies to date have too high an iron content to produce SRM 3
magnesia. However recent preliminary tests indicate that, provided the
raw magnesite contains <2% FeZ0O3, then calcination and selective
screening alone can  yeild a product meeting SRM 3 specifications,*
Canterford (1983) ref.(9), p.1?. The SRM 3 specification is cantrolled
by its Mgl limit of P4%. A 2% "Fe203" magnesite calcines to a 4% Fe203
magnesia leaving just 2% space for all other contaminants.

Dr Canterford (pers. comm.) has confirmed this ppoint. It implies that
a product apprcacning 2&8% Mgl with 2% Fe203 and 2% (Ca0+5i02) could be
produced from the c.l1% "Fe203" portions of the deposit. Magnesias with
worse chemistry are traded internationally but it would nat caompete

with the Kunwarawa magnesia,



H

QY

10

In an industerial situation all feed to the leach process would be
beneficiated +to this prder, so future test work should use screened
feed. The test work using the carefully blended and wunbeneficiated
calcines are not representative of the real industrial situation.
Abundant dolomite/dolime appeatrs to restrict the amount of Mg++ that

cah be got into solution.

In this regard the performancte of sample MC 28/351 is especially
interesting (Canterford et al, MCC 544, (1984) ret. (20). It comes
from hnatural high MgO - low Cal magnesite rock with exceptionally high
iran, c.9% "Fe203", and apart from this the specimen which comes
closest to the type of beneficiated MgO rich feed contemplated +for
future experimgnts, ret. (5) p32. In the 2% solids +run it performed
very well to yield a 0.153% Fe203 notional end product, and did so with
a leachate Mg++ concentration of 9.49/13 the highest yet obtained in
conjunction with acceptible iron content, and thus the most efficient
for industrial purposes.

2.5 Product guality data

The most uwseful test product assays are in Canterford and Moorees
(1983) ref.(12) and Canterford et al {(1984) ref (20). Unfortunately
full analysss were npot published and much data and the end product
samples themselves were dumped when the project was terminated at
C.5.1.R.0. The deficiencies are in €al and Si0Z cantents. Fe203 and
Mgd values are given comprehensively and a set of B203 results
indicating 2 to 10 ppm levels is referred top in (18) pl3. There is5 a

good possibility that the data still exists in the C.5.I.R.0. in Dr

Canterford's work files,

2.4 Implications for future work.

The later results show Clearly enough the concepts to develop in the
processing work and the time has come when a pilot plant is to be
commissipned. The agreement with Denehurst will probably wmean the
plant will be in Melbourne 1initially altkough the existence of a
potential market for c.400 tonnes/year of $500-00/tonne grade Mgl
tA.P.F. M, information) would be an advantage favouring Burnie.
Hnfortunately A.F.P.M, do not a use caustic calcined maghesia

process.

Since the processing can handle magnesite rock with 4% "Fe203", and
unwanted dolomite, quartz and talc can be screened out after calcining
all the carbonate rock »>S0% magnecite is suitable for +eed for the COZ
leaching gircuit. The resource is around 1200¥200%200 cubic metres in
the drilled area, going by the inferred surface limits of the deposit
which are well enaough krown and allowing +for greenschists and low
magnesite zones ik the c.300m strike width., At a density of 3.2 this
gives a rounded 150,000,000 taonnes for a rough estimate of the

resource over 200m vertical extent,
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The determinant of grade is the proportion of pMgO present as
magnesite, (that is excluding MgD in dolamite or silicates). Iron can
now be dismissed a5 a limiting factor since no substantial interwval
exceeds the iron content of the MC 28/51 test. Once dolomitic
intervals are excluded the wvariation of the remainder of the
carbonates is nearly all within S0% + ar - 10% MgCO3 as showh in the

faollowing table.
TABLE 9

Bore metres true thickness of carbonate with MgC03 jin maganesite

80-720% a&-80% 50-48% {50% Non-carbs strike width
MC 27 37 34 40 =] 87 280
MC 28 0 13 0 38 25 300
MC 1 115 40 o] 42 25 340
MC 2 130 47 o 3a 33 330

There are further reserves at Bowry Creek and both north and south of
the drilled area. The resource is an order of magnitude larger than is
needed to start a mine and further work on establishing reserves, as

cuch, cannot be justified.

Naevertheless some more material is needed +or test work and some
should come from drillholes. There is value in proving up 10,000,000
tonhes in an area well situvated for a guarry, particularly west of MC
28. A test quarry and haul road will be needed.

3.0 Costing the carbonic acid leach process

3.1 Enerqgy

Energy use for magresia production is guite variable, from é&m BTU/ton
for spome single firing natural magnesias to 52Zm BTU/ton for top grade
seawater magnesia. The snergy requirement also depends on the type of
kiln (Duncan and McCracken, 1981) ref. (33). The prospect af excessive
enerqgy requirement has been a criticism of the C02 leach process, and
is linked to complaint that the main cost factor in high grade Mg0 is
fuel oil. The faollowing dicussion identifies cost factors which can be
matched with known industrial situations,

A tanne af fusl oil cantains energy egquivalent to 10 millian kilocals
or 45 million BTU's. Fuel oil currently costs c. $A230-00/tonne
(information from Savage River Mines). The total ernergy rcost estimated
for the Canterford COZ2 process is 1.0 tonnes fuel oil equivalent per
tonne of product (ref. S58) which compares favaurably with Magnohrom's
1.2 tennes per  tonne product (ref. 32), but is still rather high in
comparison with other estimates of energy uses in natural and
synthetic megnesias.
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Energy at l1ower cost may be attainable by wusing coal. The
comparatively new technolagy aof the circulating +fluid bed with
concurrent desulphurization, either with gasification (80% efficient)
or with direct combustion (information from Lurgi Aust.). The local
Cornwall coal costs c. EA10-00/taonne Ffor an energy of 4,400,000
kilpcals/tonne, (possibly at Cornwall). Calcination at 200 degrees C.
costs half aof the calcining plus clinkering fuel cost of %$4,000,000-00
for £.400,000 tonnes of product. (Information from Goliath Cement).
Transport cost has to be allaowed Ffor also, Bringing the coal
alternative to c. %85-00/1 tonne fuel il equivalent,

3.2 Mining costs

Mining cost at Savage River is at present {(January 1988) an abnormal
c.$A34-00/tonne of pellets produced but it should bhe c.$A27-00 and is
higher than expected because of numerous problems. (Savage River
Mines).

About 17 mt of material is moved to produce c.5 mt ot crusher feed
(ore) to make €.2.5 mt of the pellet product valued at £A30-00/tonne.

3.3 Transport costs

Transport costs +or Brown Plains to Burnie by trucks running empty on
return have been calculated Ffrom data used for the Carinna sand
project (Brambles, Cominex) and come out at c.%$12-00/tonne, (likely to
fall top $14-00/tonne once the Hampshire to Fingerpost link {s open).

3.4 Capital servicing

The estimated capital cost for a notional 160,000 tonne/year high
grade MgQD plant, using the Canterford CO02 leach process came out at
$A128,000,000 (mid 1285 dollars) in the Wright Engineers computer
program (ref 58} Some cost factors are presumed to be borne by the
state in the estimate. Assuming an annual interest and redemption cost
of 15% of the capital gives c.%120-00/tonne of product/vyear.

3.9 Processing plant operation

The workforce costs are included in the administration, wining and
transport estimates but apparently not in the leach process costs. As
a very rough estimate, a labor input equivalent to some S0 workers at
Cc.%$30,000-00/year /worker adds $A15-00/tonne of product.

3.8 "Total cast of production"

So a rough cost o©pf production from these cost inputs comes out at
c.$E500-00/tonne of Mg0, possibly reducable to %325/tonne using coal. A
potentially large additional input is the energy and administration
cost of the metallugical! operation. Recent prices for seawater
magresias are ppund sterling equivalents of $A425-00 to $ABZ5-00 There
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would seem to be scope for profit in the enterprise.
3.7 Cost factors of other plants
An alternative costing approach is a direct comparison with the

seawater process. From Duncan and McCracken (1981) ref 330 "In many
razses the calcining cost constitutes from 50 to 79% of the total

calcined product wvalue.- -To produce one ton of seawater magnesia
requires about 300 tons of seawater and approximately 1.5 tons of dry
calcined dolomite.- -The typlical energy required +or a two-stage

synthetic magnesite (sic) production is norwmally on the order of 20
million BTU per ton of product.® i

The Canterford process would use 1.5 tonnes of carefully calcined
magnesite rock, about 80% magnesite and use &0 tonnes of water per
tonne of praoduct, but reguires CO2 input in pressurized circuits with

agitation.
3.8 Cost versus qQuality! Some veiwpoints

Several recent writers camment that the relative energy inputs favaour

the better gquality natural magnesias for most refractory applications,
2.,g9. Duncan (1984) ref (34) "At one point abput 83% of the magnesia
requirements was met through the production of synthetic magnesia.

This continued until the early 1970's when there was a sharp increase
in energy costs. Since the production of synthetit magnesias was using
about four times the energy that was required when utilising a natural

magnecsite, a re-avaluation took place. A product where 75% of the
praduction cost was ehnergy, was nhot acceptable as the steel industry

could hot absorb this increased cost.

"a recent introduction is cCchemically pure magnesia. Magnohrom cof
Yugoslavia has a commercial! plant producing %%% plus MgO.- - The
process requires large amounts of energy, ejuivalent to 1.2 tons of
heavy fuel 0il per ton ot product. With the ene: gy léevel of 12%10m
kileccals/ton it i a wvery expensive product Ffor the refractory
industry. - -Aapther chemicsl treatment- -which has no commercial
plants is the Sulmag process- -The costs of these processes are
relatively lIr'igh and the purity of the product would suggest uses other
than refracltaories.”

There are authorities who consider limited market possibilities also
apply to the top guality brine process material, e.g. Jeschke and
kKoltermann, 11933) ref {48) "For magnesia bricks and monolithics,
cubstantial amounts of natural magnesite is still used {(from Spain,
Austria, North Korea, Czechoslovakial, Higher grade material comes
from Greece and top grades from sea-water and brines, with the low
baron 29% MgO material from the Dead Sea brines being the best
technically but aonly in very few gases is it econamical.”
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Nevertheless, same progress is being made in the placement of
develaoped high purity magnesias, not just the Dead Sea periclase and
Magnohrom works but alsa the chloride process of Veitscher

Magnesitwerke (Austrial, now being expanded to 7,000 tonnes/vear,
(Dickson, 1287) ret {31}).

The use of North Korean magnesite in Europe is gf interest since the
SRM 3 grade is roughly comparable (re+ 32}

The Dead Sea periclacse has an FeZ203 specification of O.14%.

3.9 New criteria for quality

Martinek (1938) re+t (47) expects a better +future +For the pure
magnesias. "During the decade of the 80's sintered magnesias will
become purer (?29+% MgO} and denser {(3.45-3.50 bulk specific gravity).
Emphasis will be on very high Ca0/S510Z2 ratios and all purpose grades.
With silicates decreasing tp low levels, silicate mineralogy, as it
relates to interactions with other raw materials, will become of less

importance. "

This would indicate a market for the easier Canterford process product
with 0.5% FeZ203, but near zero silica and Cal. Much Jjuggling of
magnesias attempts to offset unwanted Si02 by mopping it up with an
excess oOf lime.

Developments a&re alsp taking place in attempts to increase crystallite
size of the magnesia product. Meoert]l {(1984) ref. (48) describes an
experiment in which iron content was deliberately increased to promote
crystallite size. The growth wanted oceurred but at the expense of
more seripus problems developing instead, however it is conceivable
that a higher-iraon version the Canterford process end result, being
lgwer in all other impurities but especially in 5i02 could provide the
wanted effect without the unwanted ones.

4.0 Hydromagnesite

the intermediate product of the leach process is hydromagnesite which
is & white powder which may prove usable in paper +{iller or coating
piament applications. Prices of the order ot %180-200 apply to good
fillers and up to %300 {for coating pigments tinformation +rom
Maratield). The irntermediate product is less costly to produce because
of its bulk (2.32%Mg0) and its production dispenses with the high
temperature calcination stage responsible tor a guarter of the energy
use. MNotional production costs become $190 with pil and %145 with

coal.
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5.0 Leach residue

The processing of the magnesite mineral removes the CD2 then the Mg
with the object of leaving behind the iron oaxide, essentially an
artiticial wversion of the process leading to the natural ochres,
residual talec and silica sand of the wegathering residue, but with
partially calcined carbonate present. It may prove possible to extract
some ar all of these as by products from the leach residue.

6.0 Magnesium metal production.

In contrast to modern magnesia retractory specifications, in Mg metal
praocesses higher iron content magnesite rock is acceptable and even

welcome up to a moderate limit. Some processes (Pidgeon process,
electrolytic reductian) are sensitive to sodium but the values from
spot samples pf MNa c.20-40 ppm up to 105 ppm are satisfactory. (There

are some higher valueg linked to greenschist cantaminants and paossibly
feldspar bearing veins.} See re+,(33), Fropst, MCC 527 (1984)

4.1 Electrolytic reduction

The SEM 3 style of physically beneficiated calcine would appear
themically suitable start point for a feed for a magnesium smelter.
The physical character may be a problem, Advice from MPLC is that for
their process briguetted calcinss have not worked.

&.,2 MPLC process

The MPLC process is based on magnesite rock feed, the point of the
process is tosave energy by g9oing from magnesite rock to molten
anhydrous M3C€Cl in one step. The process is still experimental and the
impurity tolerances are not fully defined. The MPLC company has
expressed interest in the Main Creek deposit based on their assessment
af data in ref (35), with particular interest in the data from MC 1,
785’ ta 9337 .

In the context of an pffice discussion (Archer,19287), ref. (1), and in
later contacts somewhat contradictory specifications of their required
magnesite rock feed emerged:

1). The MgC03 contert should exceed ?3%.
2.~ The ide=al ratio of Mg ions to Ca ions for the MPLC process is
17:1.

ZF),- Bilica is not ot vital concern except in that it is more material
to maove through the system.

4}, - Spme iron is useful,

S).- Figures given as a guide to impurity tolerance were as follows:
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Cal <2.0%

5i02 <1.0%- 1.5%

AlZ03 <1.0%

Fe203 <(2.5%

Cu { g R

N < 5 ppm

B 4 9 ppm

Sn {20 ppm

Pb {20 ppm

&).- Buantity required: 12.5 million tonnes.

(A 93% MgCD3I with Mg:Ca of 17:1 has a Ca0 content of 3.&86% which
conflicts with the 2% Cagd limit given.)

A pure MgsCa/Fe carbonate rock with 23% MgC0O3 component and MgiCa of
17:1 contains 5.3% Cac(03 and 1.4% FeC03. For MgCO3 content >94.35% the

ratio cannot be maintained.

For the Main Creek deposit the minerals present are a +ferroan
maghesite and magnesia rich, slightly ferroan dolomite this notional
carbonate would approximate claosely to 20% magnesite, 10% dolamite of

the Main Creeli varieties.

In the +pollowing table the equivalent oxide proportions of the “ideal
magrnesite" are compared with the bulk samples roughly eqivalent to the
735 -993" interval in drillhole MC 1, which was rated as mot
interesting:

TABLE 5

MgO CaD FeQ "Fe203" (CO0OZ si02

1 44.5 JI.686 1.38 1.4%9 50.48 0.0
2 43.57 4.12 1.08 1.18 50.491 1.354
2 42.27 S.45 0,99 1,11 49.78 1.07
q 42.43 3.5 1.32 1.6%9 50.97 1.38
bl 42,6 3.82 0.848 0.%s8 51.26 2.07
hotes:

1) national 100% carbonatej;

2) 4y to 5 stratigraphic interval, in MC 1 ©DDH, 770" to 923&8°
234.9-285.3m.

3) Part of the corvresponding interval in MC 2 DDH, &611* ta 782' =
1846.2-238.4m.
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cal <2.0%

5102 <(1.0%- 1.5%

AlZ203 <1.0%

Fe203 (2.95%

Cu { 95 ppm

N { 5 ppmn

E £ 5 ppm

Sn <20 ppm

Fb <20 ppm

a}t.- Guantity required: 12.5 million tonnes.

(A 93% MgCO3 with Mg:iCa of 17:1 has a Ca0 content of 3.88% which
rcontlicts with the 2% Cal limit given.)

A pure Mg/Ca/Fe carbonate rock with 23% MgCO3 component and MgiCa of
17:1 contains 5.5% Cac03 and [.4% FeC03I. For MgCO3 content >94.5% the

ratio cannot be maintained.

For the Main Creek deposit the minerals present are a ferroan
magnesite and magnesia vrich, slightly ferrpan dolomite this notional
carbonate would approxXximate closely to ?0% magnesite, 10% dolaomite of
the Main Creel: varieties.

In the follawing table the squivalent oxide proporticns of the "ideal
magnesite” are compared with the bulk samples roughly eqgivalent to the
7559 ~-9F73" interval in drillhole MC 1, which was rated as mot

interesting:
TABLE 5

MgO Cal Fed "FelZO3" COZ sioz

1 44.3 3J.66 1.348 1.4%9 $50.48 0.0
2 43.57 4.12 1.04 1.18 S50.41 1.54
3 42.27 5.45 0,99 1.11 42,78 1.07
4 42,45 3.65 1,52 1.a&89 50.97 1.58
b 2.4 3.82 .86 0.%96 81.268 2.07
notes:

1) notional 100% carbonatej;

2} 4y to S5 stratigraphic interval, in MC 1 DDH, 277G’ to ?3&°
234.9-285.3m.

3) Part of the corresponding interval in MC 2 DDH, 611 to 782°
1856.2-238. 49m.
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4) CSIRDO sample MAG 4, a bulk sample attributed to the lower thirds of
both MC 1 and MC 2, including the 4y to 5 interval but excluding
some high silica/dolomite intervals.

S) average of CSIRO samples 3804 and 3803 (which span S50m aof the 4y to

5 interval in the Main Creelk surface outcrop).

The interval that interested PNFLC was 755'-2937 in drillhaole MC t. The
table includes all the assays available {for large, systematic samples
covering that interval over 300m strike length.

In the assay tables show the only long interval that comes close to
specification is 741'-722°, (marker 5, 787.35'-843" from MC 2. It
meets the Mg, Al, Fe, and Si02 requirements. There are several shorter
intervals that match this guality but a modest level of beneficiatiaon
operating on the ore in lump form, such as the photometric ore sorting
process of Ore Sorters Ltd, would seem likely to bring most of the
deposit up ta the mark in Mg content.

Recently MPLC were cantacted again and a different set of
gspecifications given (K, Jones, pers. comm.):

1),- MgCOJZ »94% (i.e. MgO >44.%4; Mg 27.10)
2Y.—- Ca0 + SiQ2 £3.5% (the less the better - removal is a nuisance}
3).- FeZDI + A1203 no limit texcept as it affects the MgCO3 spacej

rempval is sasy. However, the higher iron content portions of the Main
Creek bady may be outside the range of their data.)

4).- Ma no limit - Na is added in the process for removing Ca.

$).They have tried using bricquetted MgO0 but have not had success
since the bricguettes disintegrate too spon. (By implication the feed
has ta be in lump form, and strong enough to hold together during the

thlorination stage).
4).The Arthur River magnesite has a problem with variation.
?).RQuantity reqguired: 9 million tonnes.

This set of specifications is actually easier to comply with thanm the
other since the dolomite can be removed without worry over upsetting
the ratio reguirement, I+ also brings into consideration the iron
rich, low Ca0, low Si02 magrnesites between the E margin and marker 2.
Several of the individual samples from this interval in MC 27 pass but
longer intervals do not for example, 33-3a8m! 93.4% Mg0 and 42-58: %2.1
MgO, anothey 3o00d interval is the wvicinity of marker 5 in MC 2,
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741~-?821 95.%% Mg0 and 787'-843°: 94.4% MgO,

It would appear that a feed suitable for Mg wmetal production could be

obtained by the optical sorter route, beginning with the near miss

material.

The Z2-phase texture of the rock with its marked segregation into
dolomite/silica rich and magnesite rich phases is made use of in
beneficiating crude magnesia, but canhot be used it the feed must
remain essentially carbonate. But an experiment could be tried to
discover i+ a heat treatment short of +ull calcinatian of the
magnesite phase can still induce the rock to split preferentially

along the prase boundaries. The colour change in the magnesite phase
wauld be expected Lo help an opticzal ore sorter.

&.3 Exploration drilling implications

The ideal for MPLC is a body of rock suitable for use without
bereticiation. Sucth a body may exist within the 0/2 or 4y/6 beds. The
0/72 bed in MC 27 is better than its MgCO3 content indicates since the
Cab and Si02 levels narmally implied by 94% MgCO3 are above what is
actually present in this high iron magresite. Accordingly the general
drilling program is tp be adjusted to include the 0/2 interval in the

holes north and south of MC 27.

?.0 Overburden investigations

The averburden covering the magnesite rock is relatively thick. It has
besn examined by means oaof an abortive bulldozer costean proagram,

abandoned qguickly once it became clear that the cover was too thick
faor this approach, then two airblast drilling programs with rather
poor results and by an experimental Wacker device program which was
The commen overburden thckness is 10-20m and sometimes
corsiderably greater and it is likely that deep penetration of

weathering takes place along major joints. Previously the weathering
residues making uwup most of the overburden were deemed anpther big

procblem but since the nchre component has been recognized as an  asset
the ochre search can support the investigation.

succassful.

8.0 Drilling praogram, 1933

intended to prove up minable

The second diamond drilling prpgram was
valley

in an area better situated for exploitation than the

magnesite
would have to be diverted to make the

of Main Creek, where the creek
bull: of the deposit accessible.
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Unsuspected problems were revealed. Bore MC 27 showed that
greenschict interbeds had increased nearly S50%, iron content was
higher and parts of the carbonate more dolomitic thanm in MC 1 and MC
2, althouah the rock in the &astern carbonate zone was high in iron
but wvery low 1in dglomite and showed textures Wwith minimal
recrystailization. Bore MC 238 failed to reach target but showed lots
of recrvystallization textures which correspond to high dolomite and
high iron contents relative to the corresponding interval in the
other baores, alsb there are veins; minor calcite, and talc in the
carbonate in some of these areas. All appear to relate to the vein
event. Apart from the zones aftected by this ' phenomenon the bores
correlate quite well, but since it is there rather more bores would
be needed to tie down guality variation with confidence.

2.0 Worl proposal for the magnesile deposits, Main Creek - Bowry
Creek 1922-198%

?.1 Processing and marketing

The pricrity aim should be to determine the {feasibility of actually
marketing any of the magnesite and derived products which could be
made +Ffraom the Main Creek magnesite respurce, some ppssibilities
being apparehtly limited by the competition, but any penetration of
the market reguires a capacity to produce examples of the materials
to be traded. These wWwill have to be provided from a new plant since
the C.3.I.RK.0. pltant no longer exists. A permanent pilot plant is
essential and it is to be hoped that ance the agreement with
Denehur=t it finalized they will spon be providing bne.

The plant must still be provided with feed to run on and some of
this should be provided from drillhole samples supplemented with a
supply +from a test guarry. The most attractive test guarry site

would be at 4467991.

Decspite the great increase in the tplerance of ‘itnferior magnesite
rock revealed by Canterford’s later experiments, which imply that
magnesite proportions down to 50% can be handled guite well there is
still &a potentially important saving in keeping the amount of waste
that has to go through a calcination process before being separated
down to a minimum,

9.2 Framework ot investigation

Trhe present level of evaluation of the deposit is +far +rom
satisfactory. The zone with the best potential for quarrying has no
drillhole control, the overburden situation has not been tested
effectively and there are surface outcrops that have vyet to be
completely sampled and mapped. A useful and comparatively cheap
pgrogram would cover the mapping and surface sampling of the outcrop
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{large samples for the pilot plant) Wacker device and/or Gemco rig
sampling of the overburden, and ideally completion of the two most
critical drillholes. The bores put down 5o Ffar are in sites
compatible with a 200m profile spacing from the MC 2 section, beyond
which Main Creek runs into the deposit and the MC 27 sectian, where
the greenschists expand to the point where they are 'a nuisance
relative to the conditions expected further south. All seven
sections shpuld be completed eventually but for the present the main
prablem is the saddle area, ideally situated for a major guarry but
with no drillhple and residual deposits at surtace that may mean the
magrnesite is of poar quality. The alternative quarry site at the Zig
Zag which is assured of good quality magnesite bhut which has limited
reserves above the level of Main Creek and would eventually impinge
ar the magrnesite karst outcrop! a feature of sutficient rarity and
scientific interest to warrent an attempt to preserve it.

10.0 Magnesite deposit work program

10.1 Surface Sampling.

Comprehensive surface sampling is proposed for the known outcrops
for which few samples are avatilable., In particular the creek section
of Bowry Creelk, and also crek outcrops W and N of MC 27.

10.2 Overburden assessment.

(Tao be integrated with the ochre project.) Tracks which expose the
residual deposits should be constructed for each drillhole. Next
(atter detailed mapping) determination o+ depth to carbonate should
be made with the Wacker device or Gemco.

10.2 Drilling program.

1

Drillhole coverage aof the has been proceeding with planned coverage
at roughly 200m intervals between detetermined sections. Seven such
sections are envisaged between the 20N section begun by ME 2 and
the O©OOZN section completed by MC 27. The emphasis on the portion
most favourably situated f+or mining is the reason for priority on
completing the 990N and 98N (MC 28) sections to be followed by the
P24M and 998N =sections.

10.4 Preliminary Track work
Some upgrading will be nseded since there is too much fallen timber

ph the track to permit a skid wmounted rig to pass over it. Some
proposed holes holes need short access tracks preparation.

o ugt
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10.5 Drill holes

A. (protile 226N} 270m bore to be drilled from the W side of the
deposit back towards existing drillhole MC 28 which was abandoned
short of target. This would complete the section across the deposit
in the area best sited faor a major guarry, Site preparatian is

needed here.

B. (profile 2%0RN) 180m bore to be drilled +rom a prepared site on
the &/7 greenschist marker to the W. margin of the deposit thus
campleting the section begun by MC 2 which terminates in magnesite
bevaond marler & but well short of the inferred position of the W.

edqe ot the deposit.

C. i(protile 294) 450m bore to be drilled from an existing prepared
site with outcrop to indicate that it is just on the eastern margin
of the deposit. A hole here provides information from the base of

the 180m escarpment

D, (profile 298) 450m bore to be drilled from 200m N of MC 28. A

short access track and site preparation is needed here.
E. (profile 992) 240m bore tuo complete the section begun by MC 1 and
to provide averlap through to marker 4. The proposed western margin

road needs top be built before the site is accessible.

F. (prafile 248) 310m bore to explore the Bowry Creek lens in the

higher greund South of the area for which the creek section itself

provides good information.
10.6 Budget
Track and site work.

Dozer location £500-00
3 ¥ 10hour dozer days at $70 %$2100-00

£Z2600-00
Drilling
Drillhole at site A, 270m
Dozer location + skidding in
of rig and sloop £1200-00
20m roller bit drilling £700-00
30m HR size drilling £2000-00
220m NG $£12320-00
$£146220-00
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Drillhole at site B, 180m
Dozer location + skidding in
of rig and sloop $£1200-00
20m roller bit drilling £700-00
20m H@ size drilling £1330-00
140m N@& $7840-00
%11070-00
Drillhole at site C, 450m
Dozer location + skidding in
of rig and sloap %1200-00
20m roller bit drilling £700-00
20m HR size drilling &£2000-00
220m N@ £12320-00
180m BR £11080-00
%27300-00
Drillhole at site D, 4500m
Dozer location + skidding in
of rig and sloop +£1200-00
Z20m roller bit drilling £700-00
30m HR size drilling £2000-00
2Z20m N@ F£12320-00
180M BR £11080-00
$27300-00
Drillhole at site E, 290m
Dozer location + skidding in
of rig and sloap $£1200-00
20m roller bit drilling $700-00
Z0m HR =size drilling $1330-00
210m N& £11760-00
14990-Q0

prpes
i
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Drillhole at site F, 310m

Dozer location + skidding

of rig and sloop

20m roller bit drilling
20m HR size drilling
270m NE

Drillhole at site E, Z10m

Dozer location + skidding

of rig and sloop
20m roller bit drilling

20m HY size drilling
170m M@

Tatal Drilling

Assays
C.5.I.R.0, Mineralogy

Core store and laboratory
Haul road

Cuarty preparation

Total for program

23

$1200-00

£700-00
£1330-00
$15120-00
£17350-00

$£1200-00

£700-00
$1330-00
$2520-00

$11730-00

£128580-00

%13000-00
$15000-00

£20000-00

£35000-00
$20000-00

$234800-00

§5
[

[
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APPENDIX 1
ANNDTATED AGSAY TAEBLES FOR THE MAIN CREEK MAGMESITE DEPOSIT

The feollowing tables integrate the total available data on boron and
sadium content with the older chemical analyses.

TABELE 1 Bore No 1, Main Creek; analysis results from Tas. Dept. Mines
Lsborastary, Launcestan; for Cal0, Mgl, AlZ203, Fe, 5i02; B203 levels are
caculated from data +for B in Frost, (1281} ref (3&6) and for Na in
Frost, (i?54) ref (40), There are no data for HMNa and B203 for the

remaining drillholes

F= results converted tc notional "Fe203"for convenience in estimating
magnesia eguivalent (Fe iz actually as FeO in magnesitel. Marker bed
interpretaticn H. Shanncn.

Sample Interval Cal Mgg AlZ03 Fe203 S5i02 B203 Na
from-to int. (ft) % % % % % % %

10 - 200 10 27 21 trace 1.3 2.3 0.6011s ©0.015
20 - 30’ 10 24 23 tr 1.0 1.8 0.0Q0045

30 - 40" 10 28 22 tr 1.3 1.4

40" - 50 10 27 22 tr 1.9 2.7

50° - &0 10 25 24 tr 3.0 1.3

&0" - 707 10 8 33 tr 3.4 8.9 0.00026 0.0027
70* - 8o 10 22 27 nil 2.0 1.8

g6’ - 20 10 25 24 ril 2.0 3.2

Q0* -100' 10 25 23 nil 1.6 3.8 0.0002%2 0.0087%
100 -110" 10 35 b nil 3.1 1.0

iror -t120  1o¥ 13 22 4.0 3.6 9.8 0.016

¥ incl. 4 non-carbsj marker 1.

122* -130° 1O% 12 23 9.4 5.9 18.7 0,018
* incl. &' non-carbks; marker 1,

130° -134'46 4.5 13 33 nil 3.4 2.3
1Z4'46-184"7 1.5 no samples;i poor recovery, ochres? sinkhole breccia
fil1?



Sample Interval Cal
from-to int. {ft) %

1848’ -1%7&a° 10 4
19487 -210° 14 4
2107 -221° 11 3
221 =230 % 4

230" -258" 28 no samplesi

nchres?

238 -z270° 12 3
270" -282° 1z &
282+ -2P2? io @
292 -304'4& 12.5 2
304'456-314 2.5 3
Jlgr -323° ¢ 4
323 -33% 10 4
333’ -343° 10 3
343 -353° 10 3
393" -363° 10 3
363 373 1o 3
I3 -383’ 10 2
3Ja3’ -393'4 10.5 3
JIFITE-399E &4 Z

I9@'4-410" no sampless
4083

410" -420° 10 7

chemical boundary, marker 2.

MgO
%
38
40
44

43

41

38
4z
40
40
42
41
4z
42
40
42
40

36

40

30
A)EGS Fe
% %
tr 3
tr 2.
nil 3.
tr 3.

paor recovery

marker 2Za.

nil 2.7 5.0
tr 3.1 1.5
nil 3.1 2.6
tr 2 7.9
nil 2 7.4
nil 2.3 5.4
nil 2.6 2.2
nil 3.0 8.3
ril 2.9 3.8
nil 2.9 3.8
nil 2.4 7.0
nil 2 2.7
nil 2.4 4.2
0.2 3.0 4.5
tr 2.9 0.7

si02
%

includes

BZ0D3

0.00142

minar

0.00151

0.00037

LW R O

Na
%

0.0024

0.0027

greenschist,

0.0Q037

0.0030

0.0033

0.022
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Sample Interval Ca0o MgO AlZ203 Fe sin2 BZ203 Ma
from-to int. (+t) % % Y% % % % %
426’ -430° 10 20 24 nil 1.1 13.46
430" -440*' 10O 25 i8 nil 0.9 13.5
440 -450* 10 23 24 rnil 0.9 G
450 -450° 10 23 21 nil 0.9 14.7 0.035
480" -470° 10 12 25 nil 0.2 13.6
470 -480' 10 14 30 hil 1.1 2.7
Chemical boundary, pasitian of marker 3a?
430 -490° 10 7 40 nil 1.4 2.0
420’ -5Q0° 10 S 41 nil 1.6 3.9
S00* ~3511i° 11 4 43 mil 1.6 1.2 0.00029 0.0039
511 -S21* 10 3 44 nil 1.7 0.2
521' -S31¢ 190 S 43 nil 1.4 0.1
531" -541°7 10 3 43 nil 2.4 1.9
S541' -351*% 10 3 3% 1.4 3.0 4.2
* incl. 1 naon-carbs, 548°'-35427; marker 3.
31 -5s61° 10 q 43 nil 2.1 1.0 0.000t0 0.0050
541 -571° 10 3 44 nil 2.0 1.0
=71 -Sg1t 10 3 44 nil 2.0 0.5 0.00048
g1’ -391° 10 3 44 fiil 2.0 0.8
591 -601° 10 10 37 nil 1.7 3.0
401’ -611° 10 12 37 nil 1.7 1.0 0,01224 0.0084
&11' -4&23* 12 2 43 nil 2.0 0.8 0. 00039
5237 -&34° 11 2 453 nil 1.9 1.3
434 -&448° 12 q 41 nitl 1.9 4.3 0.003535
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Sample Interval CaO MgO Al1203 Fe
from-to int. (+t) % % % %
694" —-451 3 10 34 0.3 1.9
&5t -474' 23 no samplesi marker 9.
4747 -4685°646 11.3 & 39 0.3 1.9

£25°6-48876
&88'4-89976
6P 5-7077 6
709 4-P197 4
2196729746
729 4-73974
P3P H-742"0 4
239 4-758"

738 -P8é'%9

THETO-7KFE

769 6-780"
780' -790°
790° -800°
800 -810°
g10’ -820°
820 -830°
330" -840’
840’ -850°
850° -8&0°"
gs0' ~870°

3 npo samples; marker 4dz.

11 3 41 nil
10 4 43 nil
10 2@ 35 hil
10 2 q4 nil
14 3 44 nil
1o 3 44 nil
8,5 4 43 nil
8.73 4 93 riil

2.75 no sample; marker 4¥.

10.5 4 40 0.2
10 =) 42 rnil
10 3 43 hil
i0 3 44 nil
10 3 42 nil
10 b= 44 nit
10 S 42 ril
10 4 44 nil
10 2 44 hil
10 4 943 nil-’

Si02
%

7.8

B203
%

0.07&00

0.001%?0

Na

0.0032

0.0087

0.0030

0,0035
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870" -g80° 10 4 a5 trace 1,1 0.4 0.00349
Sample Intervai Cal mMgo Al203 Fe gioz2 BZ03 Na
from-to int., {(+t) % % % Ya % % %

8g0’ -8%0’ 10 5 43 trace .l o.4

890 -200" 10 9 44 trace 1.1 0.1 0.0032
200" -?10* 10 4 46 trace 1.1 a.3 0.0020
210" ~220° 10 4 4% trace 1.0 0.1

29" -930° 10 4 44 nil 1.0 0.2

@IO0T -934° & 4 44 trace 1.3 1.9

36T —-R37° 1 ha samplei marker 5.

P37 -247° 10 @ 40 nil 0.2 1.4
P47 -2577 1o i 40 nil 0.9 0.6 0.00042 0.0105
257 -987° 10 ) 43 trace 0,9 .35
@472 =922 10 3 43 nil 1.0 3.8
e77r -287* 10 3 43 ril 1.3 3.6
g7’ -929’ 12 3 44 il 1.0 1.6

@I’ -1023' no sample; marker 6.

1023 -1031" 0.0074
sgurce: letter from H.K. Wellington, Launceston Offices, Tas. Dept. of

Mines,15~-6-1971 for CalO,Mg0,Al203,5i02; and 1:!-2-1974 for Fe.

note 1 A1Z03 wvalues Jreater than trace are linked to the
incorporation of non carbonate beds in the sample.

note 2! This revision (February (983) renumbers certain markers to
maintain compatibility viith the revisian of MC 2, Markers 2 and 3a
were previously 2a and T respectively) greenschist rubble tentatively
classed as Zb/Zc shpuld be matched with unlabled minor schists in  MC

23.
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TABLE 2 Bore MNp 2, Main Creek; assay results from Mines
Labaratory, Launceston, with annotations by H. Shannon.

Department

Sample Interval cal Mg0 Al203 Fe Fez203 3Si02
fraom—-to int. (ft) % % % % % %

o' - 1&" greenschist, no samples.

14 - 20 care laoss with &" dolomite)] no samples; fault inferred.
248 - 327 = 10.2 34.6 ELD 1.0 1.4 3.4
32 - 49”7 3 ‘ 28.2 21.0 ELD 1.4 2.0 4.1
40 - 48" 8 248.0 22.3 BLD 2.1 3.0 2.2
d4ar - a1'3 12.28 g samples marker 1

a1'3- 49 775 2.0 27.0 0.09 3.2 4,6 8.7
59 - 73’ 4 3.1 42. 2 ELD 2.5 3.5 0.8
Tar - 88 8 5.2 40.2 BLD 1.8 2.8 2.5
BgT - 24° 8 2.2 43. 2 ELD 1.2 2.7 1.3
24" -102°4 3.5 1.8 43.7 ELD 4.3 6.2 0.4
102°5-1114"7 2.5 2.0 44,1 BLD 2.2 3.2 0.6
111z -i1<° =1 12.4 34.48 ELD 1.8 2,4 0.%
119 -1277 g 7.2 32.49 ELD 2.0 2.9 1.3
127 -134'6 2.5 1.2 44.8 BLD 2.3 3.3 1.0
136°4-1453" 8.5 1.5 4.8 BLD 2.2 3.2 0.7
145" -153° a 1.7 42.1 BLD 2.2 3.2 5.7
153" -141" =] 2.6 42.9 BELD 2.0 2.9 0.3
161 -145%9° 8 1.8 42. % BLD 2.1 3.0 3.2
149" 17227 8 1.7 4%.4 ELD 2.2 3.2 2.7
127 -135°* g 1.8 44.5 BLD 2.0 2,9 1.0
185" -193° 8 1.2 - 44.8 BELD 2.0 2.9 0.4



from-to

123* -201°

int(ft) Ca0

8

Mg0

AIZ03

35

BLD

209 -217°

212 -225°
225" -233°
233 —240’
290" -248°
248 -256°

g

chemical boundary, marker

2449 2727
272 -280°
230" -2883°

g

g

8

2.5

12.3

4.5

chemical bouandary, marker

288+ -300°

1z

(talcose section

300' -310°

310 -320°

320" -330°

330 -343¢°
340° -350°
330 -360°

10

10

1o

10

10

10

18.8
possibly

10.49

H.8

14.0

17.4

449.1

44.0

43.6

43.8

44.1

43.7

42.3

44.1

2a?

35.49

23.3

33.3

27.1
marker

3d.2

Al1Z03

2}

%

BLD

BLD

BELD

ELD

BLD

BLD

BLD

ELD

ELD

BLD

BLD

BLD

BLD

BL D

ELD

BLD

BLD

BLD

12.3

172.4

1.3

14.0

12.4
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from-to int(ft) can MgQ AlZ03 Fe FeZD3
% % % Y %

380 -370° 10% 20.8 21.2 .76 0.894 1.2
% The interval includes 2" of non carbonates

I70' -3230° 10 10.49 32.5 BLD .21 1.3
380" -Ig’’a 7.3 i5.0 z27.0 ELD 0.921 1.3
I87'4-415'3 27.73 no samples; marker 3.
415*'3-425° 2.73 5.0 42.S BLD 2.1 3.0
425" -438° 11 2.5 44,2 BLD 2.1 3.0
438 -447° 11 3.3 43. 4 EBLD 2.1 3.0
447* -3587 11 3.1 43.9 BLD 2.0 2.9
458' -4&8°7 10 2.2 44.0 0.05 2.0 2.9
3&68*' -44%° ! no sample.

449" -4F4'? Z2.75 2.2 43%.% BLD 2.1 3.0
478" 2-477' 3 0.5 no samplej greenschist.
a7?7'3-48646°3 4 3.8 41.7 ELD 2.1 3.0
4345'3-5S01° 14.75 nn samples; marker 4.

S01* -511° 10 8.0 31.2 ELD 1.7 2.4
S11t -523%6 12.5 3.3 37.8 BLD 1,7 Z.4
S523'6-528° 4,5 no samplej includes minor
botton; marker 4z.

528' -540° 1z 2.2 37.5 ELD 1.8 2.6
340 -549'3 9.25 3.2 33.6 ELD 1.4 2.0
549'3-550'% 1.5 rnv samplej =plit of greenschist
.550'9"563’ 12.25 3.3 41.3 ELD 1.3 1.8
563 -575° 12 2.2 37.3 BLD 0.1 1.3
575 -587° 12 3.9 37,9 ELD o.77 1.1

greenschists

-
-

5
%
16.3

{(marker 3al.

11.3

15.2

15.7
11.8

top

H )!_3

-
-

and



from-to intift) Cal
%
g2 -599° 12 10.0
599" -a409° 10 14.5
609" ~610'2 1.75
&10°P-4621" 10.2 7.5
&z21* -631° 10 11.4
631’ -64)° 10 2.0
641 -4551" 10 1.8
£51°' -asZ2? i1 3.4
682 -671° o 5.2

no sample;s

%

33.8

30.2

3e.2

35.6

41.6

3%.8

41.2

J&. 6

37

Al1Z03
k3

BLLD

BLD

marker 4y,

ELD

BLD

BLD

BLD

BLD

0.21

{incarporates areenschist stringers).

671" -681"° 1o 4.2
681 -&91° 10 2.5
az1' -?701" 10 2.8
2017 =-711° 1Q e.4
P N L 10 4.5
7217 -731° 10 8.4
731 -7a1? 10 6.1
74q1° -751° 10 10. 46
251 -7Zat? 10 7.0
261 -771° 10 2.5
721 =782 i1 2.5

782 -738774 5.3
7872 5793 10.5 2.8

7gg* -gop’ 11 3.3

o samplej

42.2

44, 1

44,4

3%.8

42.89

3%.0

4.6

3.5

41.5

43. %

45.8

45.3

44,4

BLD

BLD

ELD

BLD

BELD

BLD

BLD

BLD

ELD

BLD

ELD

marker 95

BLD

BLD

Fe
%

FeZ203
%

%



from-to
g09* -g20°
g20' -831°
231* -843"
893" -38&1'3

851'3-864"'9

B4472-8774

[77r&a-0a3?
583" -874&4"
2946 -904'%
F049-715"
?15' -925°
e25' -9315°
IS -2495°
945" -955°
295" -2&4°
P44’ -274°
e74r -978"
sample

@78 -92830'%
PE0’P-2237
FRI - 0Q

PP7P-1003"

int (ft)

11

11

8.735

10.25

10

10

10

1C

4

1o

4

2'9 no sample;

i2'3 no assay records

4'9

5'2 no assay recaords

Cal
%

=1s)
%

D
u
(A

ho samples;

la. 8

29.%

no samples;

4.0

&.8

no sample;

3.4

4.8

no samplej

40. 6

38.7

41.3

43. &

44,0

43.2

41.%

44 . %

42.4

35.48

32

Al203

%

ELD

ELD

BLD

marker &

0.10

marker &

BLD

BLD

-

marker 2.

ELD
BLD
0.2
BLD
ELD
BLD
BLD

0.2

includes greenschist stringers.

Fe FeZ03
%o %
0.?1 1.3
0.7 1.0
.77 1.1

(part)
2.2 3.1

(part)
0.849 1.2
0.91 1.3
0.7 1.0
0.6 Q.84
0.6 0.86
0.64 0.92
0.77 1.1
0.52 0.74
0.46 Q.66
0.4 Q.84

greenschist marker Ba

magnhesite.

greenschist marker 8.

magrhesite

%
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gourcei Mines Dept. Labaratory, Launceston. Letterg 19-5-1972 and
5-2-1972,

Note 1: Detection limit for Al203 is 0.05% thus BLD = <Q.05.

1982) changes the mumbering of markers
ker west of MC 1Z in an area
1y considered to be 2

Note 2@ This revision (February
he absence of =2 thick mar

to account for t
Markers 3 and 4 wWwere previous

tested by costeans.
and 3 resp=ectively.
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TABLE 8.2 M. C.MNo 27 IDDH . CORE SAMPLE COMPOSITIONS

MINERAL FRUOPORTIOMS DATA FROM C.S.I.R.0. REPORT MCCS3s2 AMALGAMATED
WITH MAGMESITE/DOLOMITE/CALCITE COMFOSITIONS FROM C.5.1.R.0. REFORT
MCCE8% AND CALCULATED TO SHOW APFORTIONMMENT OF ELEMENTS BETWEEN

MAGMESITE AMD DCLOMITE, ETC., FOR EACH SAMPLE.

Saunle Mingral Element Mineral Elemgnt Mineral

depth Mpgnesite MgjCajFeijMn: Ruartz 5i02: iron oxides
Dolpmite MgiCajFeiMn: talc/chlor/felspar pyrite
' : total Fe ox/sulph

Calcite Ca ! total silicates

Sim) Mas Ma Ca Fe M Guartz Fe oxides

Dol talc/ochlor/fels Fes

£al total total
E. margin of deposit (minor karst cavity indicated).
23 95,4 28.79 c.10 1.48 0,06 0.6

4.0 0.33 0.85 0.03 0.00 0.0

0.0 0.0 0.8 0.0
34 2.1 25. 42 0.07 1.63 0.06 0.8

7.1 0.93 1.4¢9 0,05 Q.00 0.0

0.0 0.0 0.8 0.0
9 ?3.9 26,25 0.09 1.90 0.08 Q.4 Fepx 0.1

5.4 0.71 1.17 0.03 0.00 0.0

8 0.0 Q.6 0.1
30 5.3 24&. 44 Q. 0% 1.9 0.09 0.095 Feox 0.2

4.0 0,53 0.87 0,03 0.00 0.0

0.0 0.0 0.05 0.2
{no assay for magnecsitg; use average of magnesite assays for 33 and
37.)
=22 87.3 24.02 .07 1.82 0©.08 1.0

10.7 1.38 2.30 0.09 0.01 1.0 felspar

0.0 0.0 2.0
47.85-90.09 marker 1 greenschist
40 5s5.7 23.50 0,08 2.21 0.07 1.8

11.3 1,44 2.48 0.13 0.01 0.0

0.¢ 0.0 1.8
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Sim) Mag Mg Ca Fe M Suartz Fe oxides
Dpl talc/chlor/fels Fes
cal total total
41 83.7 23.82 0.08 2.21 0.06 0.7
13.4& 1.79 .00 0.10 0.0t 0.0
0.0 0.0 0.7
42 95,7 26.63 .07 2.08 0.06 0.8
3.7 0.48 0.78 0.03 0.00 0.0
.0 0.0 0.6
43 3.7 295,60 0.10 2.77 0.08 1.9
4.4 0.3% 0.85 0.05 0.0t 0.0
0.0 0.00 1.2

tro sample; cavity and broken core! use average of 42 and 44}

44 ©91.8 24,57 0.12 3.45 0,10 3.2
5.0 0.49 0.92 0.07 0.01 0.0
0.0 0.0 3.2
95 91,5 24.73 0.07 2.74 0.10 3.1
5.4 0.71 1.16 0.04 0.00 0.0
0.0 0.0 3.1
446 %6.4 26.42 0,09 2,20 0,07 0.3
3.3 0.43 0.71 0.03 0.00 0.0
0.0 0.0 0.3
47 90.9 25.53  0.06 1.64 0.07 0.9
g.2 1.08 1.79 0.05 0.01 0.0
0.0 0.0 0.9
48 96.5 26.19 0.12 3.26 0.11 0.6
2.9 0.38 0.43 0.03 0.00 0.0
0.0 0.0 0.6
42 92.6 25.80 0.06 1.98 0,06 1.9 Feox 0.1
5.2 0.469 1.15 0.04 0.00 0.0 0.0
0.2 0.08 1.9 0.1
S0 94.0 24.56 0.07 1.49 0.06 1.6
4.4 0.59 0.94 0.03 0,00 0.0
0.0 0.0 1.6
5L ®6.8 27.29 0.07 1.35 0.05 0.6
2.4 0.34 ©0.57 0.02 0.00 0.0
0.0 0.0 0.6



qz
Sim} Ilag Mg Ca Fe tn Gluartz Fe pxides
Dol talc/chlar/fels Fes
Cal total total
s2 1.1 295.24 0.06 1.76 0,09 1.2
7.2 0.95 1.%7 0.04 0.00 0.0
0.0 .0 1.2
23 P5.9 22,23 0.07 1.2 0.04 0.6
2.5 0.33 0.55 0.02 0.00 0.0
0.0 0.0 0.6
=13 g29.v 25.13 0.0a 1.52 0.05 1.3
3.6 1,15 1.94 0,05 0,00 0.0
0.0 0.0 1.3
=29 25.0 26. 466 0.10 1.4 0.07 0.9
4,1 .53 0.90 0,03 0.00 0.0
0.0 0.0 0.2
58 e5.7 2&5.41 0o.07 1.®1 0.07 0.6
3.7 .48 0.81 0,0Z 0,00 0.0
0.0 c.0 2.4
57 0.0 24. 860 .07 2.57 0.10 C.5
2.5 1.249 2.09 0,07 0.01 0.0
0.0 0.0 Q9.5
83 20,2 25.07 0.07 1,983 o0.08 0.5 !
2.8 1.16 1.95 0.0868 0.0¢% 0.0
0.0 0.0 0.5

{no magnesite assayj use average of 57 and 59.)

52 71.2 20,11 0.05 1.08 0.04 1.6
27.2 3.57 0.48 0.81 0.03 0.0
0.0 0.0 1.6
¢0 3.0 26.20 0.07 1.30 0.06 1.0
6.0 0.78 1.32 0.04 0.00 0.0
0.0 0.0 1.0
&1 92,5 25.92 0.06 1.50 0.06 2.4 0.0
4,9 0.65 1.07 0.03 0.00 0.0 0.1
0.0 0.0 2.4 0.1
42 93.7 25.22 0.09 3.50 0.19 2.5 0.0
3.8 0.47 0.78 0.05 0.00 0.0 0.2
0.0 0.0 2.5 0.2
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Stm) Mag Mg Ca Fe Mn GQuartz Fe oxidag
Dol talc/chlor/fels Fes
€al total total

2.94-454.25 marker

&5  86.5
11.4
0.0
b8 79.2
18.8
0.0

23.72
1.492

21.849
2.43

o]

ay dolomitic

~n

2.4 0.1¢
C.0
0.13 1.48
1.05 0O.1l&
0.0

greenschist with talcose margins

0.08 1.9
0.01 0.0
1.9
0.045 1.9
0.02 0.0
1.2

Fes 0.2
o 2

Fes 0.1
0.1

{nd delaomite ass.y,dclomite composition taken from &% above. In the
is repeated in the dolomite position)

CZIRD table

“hz nagnesite assav

£7,2:70.35 marker
schist margins

1 90.9
7.2
0.0

72 87.3
8.4
0.0

73 9s5.1
Z.4
0.0

24 74.8
21.3
0.0

25  79.6
15.9
0.0

76 6.1
12.7
0.1

77  39.0

' 55,3
0.0

(NpD dolomite value givenj

25. 35
0.94

24,25
1.07

25.84

G.32

20.4%
2.76

21.83
2.04

22.78
1.63

10.45
7.17

2

$ dolomitic greenschist and amphibolite with talc

.20 .55

1.52 0,08

0.0

0.20 2,20
1.82 0,10
« O

0.0 3.17

0.52 o¢.02

0.0

0.05 1.78

0.07 1,93
3.44 0.13
0.0

0.08 3.42
2.77 0,09
0.04

0.0 1.46
12.13
0.0

Juse compositio

Q.06 1.7
0.01 0.0
1.7
0.11 3.8
0.01 0.0
3.8
0.12 2.9
Q.00 0.0
2.5
0.0a8 3.8
0.02 0.0
2.8
0.07 4.3
Q.01 a.0
4.3
0.14 1.1
0.01 0.0
1.1
0.03 5.0
0.03 .0
5.0
n f

or 78&)

Fas

Q0o
NN O

FeS 0.1
0.1

Fes 0.2
Q.2

FegS 0.2
0.2
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34
Sim} Mag Mg Ca Fe Mn Guartz Fe oxides
Dol talc/chlor/fels FeS Cal
total - - total

272.5-72,33 marker 3a (dolomitic greenschist with talcose margins).

«1
.0
.1

gp  48.4 13,19 ©.08 2.53 0.10 3
28.5 3.59 4.17 0,38 0.03 o]
3

a.0 0.0

20,18-83,2 marker 3, upper split} dolomitic greenschist and

amphibolite with talcose top.

8%~ 53,0 1%.28 .08 3.29 0.11 1.0 0.0
35.0 4,39 .32 0.4% 0.02 10.0(chlorite) FesS 1.0
0.0 .0 11.0 1.0
23,8-27.8 marker 3, lower splity dolomitic greenschist with minor
magresite, no sample. :
27.8-98, 18 dolomitic magnesite; no sample.
?2,.15-100.0%5 markser 3z; dolomitic greenschist.
100+ §3.6 2z.4%5 0,08 3.2% 0.11 3.4 0.0
1zZ.¢ 1.&87 2.71 0.18 0.01 G.0 FeS 0.1
0.0 G.0 3.4 0.1
0,2-101 marker 3z’ stringer; dolaomitic greenschist.
102 &1.3 156.81 0.07 1.95 0.10 2.8
346.0 4.67 .40 O0O.E1 Q.05 0.0 Fes 0.1
0.0 Q.0 2.8 0.1
1903 8=5.5 23.43 .07 22.80 O0.11 2.4
11.% 1.52 Z.44 0,23 0,02 0.0
0.0 0.0 2.6

104,3~-111.2 marker 43 dolamitic gresnschist and amphibolite with

talcose margins.

ll2 &7.9% 25.11 D.06 2,23 0.10 2.8 0.0
2.2 0.958 1.50 0.08 0.01 c.0 Fes 0.1
0.0 0.0 2.8 0.1
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45
3fm) Mag Mo Ca Fe Mn Quartz Fe oxides
Bgl talc/chlor/fels FeS
Cal total total
113 84,7 23.57 c.10 1.82 0.08 2.8
12.4 1.45 2.62 0,09 0.0} 0.0 FeS 0.1
0.0 0,0 2.8 0.1
114 74,3 21.15 0.05 1.39 0.05 Lt.qo
29.2 3.22 3.14 0.19 0,01 0.0
0.0 o 1.0
115 34.5 23. 84 .07 1.50 G.07 1.7
13.2 1.54 2.90 10 0.01 3.0
Q.0 0.0 1,72
118 B4.9 23.15 .08 2.13 0.08 1.4
13.7 1.722 2.90 0.11 0.0 Q.0
0.0 ¢g.a 1.4
117 &7.49 24.00 0.06 1.81 0.07 1.3
11.2 1.4~ 2.37 0.08 0.01 ¢.0 FeS 0.1
0.0 0.0 1.3 0.1
118 90.0 29.449 .06 2.37 0,0% 1.4
8.4 1.12 1.83 0.07 0.00 0.0
0,0 0.0 1.4

fho value given for dolomite; take average compositiaorn for 118 and
120

112 42.0 11.49 0.05 0.91 0.04 3.1
54.9 7.14 t1.74 0.51 0,03 c.o
0.0 0.0 3.1

120,1-129.0 marker 4z; dolomitic greenschist and amphibolite with
talcose margins.

£? w2.9 24.22 D.07 3.60 0,19 1.2
5.9 Q.77 1.25 0.07 0.01 C.0
c.0 0.0 : 1.2

130 98.8 26.75 .08 2.97 0.13 0.1
1.3 0.17 Q.28 0,01 0.00 0.0
0.0 0 0.1

131 %4.1 25.52 0.09 2.85 0.12 0.4 0.0
Z.0 0.4635 1.06 0.05 0.a00 0.0 0.3
0.0 0.0 0.8 0.3
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Sim) Mag M3 Ca Fe Mr Quartz Fe oxides
Dol talc/chlor/+els Fes
cal total total
132 97.1 26.26 0.06 2.55 0.0% 0.6
2,3 0.30 0.49 0.0Z2 0.0Q c.Q
0.0 0,0 0.6
133 949.0 25.92 0,07 1.93 0,08 1.1
4.9 0.69 1.96 0.04 0.00 0.0
0.0 0.0 1.1
134 21.5 25.39 0.5 1.92 0.08 Q.9
7.5 Q.97 1.592 0.02 0.0} 0.0
0.0 0.0 0.9

134,6-136,.55 marker A4yj dolomitic greenschist and amphibolite with
talcose margins.

137 90.6 24.84 0.0&6 1.86 0.08 0.8 0.0
g.7 1.12 1.84 0.08 0.01 0.0 FeS 0.1
6.0 0.0 0.6 0.1
133 87.8 24,09 0.04 1.79 0.08 1.7
10.4 1.34 2,22 11 ©0.01 0.0 FeS 0.1
0.0 0.0 1.7 0.1
139 824.9 23.33 0.06 1.83 0.09 1.5
13.4 1.73 2.85 0.17 0.01 0.0 FeS 0.2
0 0.0 1.5
190 90.5 25.04 0.06 1.38 0.05 1.0
&.6 0.85 1.41 0.0&6 0.00 0.0 FeS 1.9
0.0 0. : 1.0 1.9
141 =1.3 22.32 0.0&4 1.84 0.0%9 0.7
15.0 2.03 4.28 0.186 0.03 0.0
0.0 0.0 0.7
142 79.2 21.76 0.086 1.446 0,07 1.0
19. & 2,52 4.17 0.17 0.01 0.0 FeS 0.2
0.0 0.0 1.0 0.2
143 17.5 4,81 0D.02 0.34 0.02 0.5
1.0 10.44 1&4.95 0.646 0.06& 0.0
1.0 0.40 0.5

(silicates shown as chlorite with no quartz in C.S5.I.R.0. table}

194 82.5 22.42

0.03 2.20 0.10 1.0
16.5 2.0% 3.52 0.2! 0©0.01 0.0
0.0 0.0 1.0



o
®

L

qz
Sim} Mag Mg Ca Fe Mr Buartz Fe oxides
Dgl talc/chlor/fels Fes
cal total total
195 29.7 g.0% 0.04 0.67 0.03 3.0 Feox 0.1
a7.0 8.50 14.34 0.73 0.07 0.0 FeS 0.1
0.1 0.04 2.0 0.2
144 S&.0 15.0Q7 0.03 1.71 0,05 1.9
42.1 5,29 8.25 0.53 0.04 0.0
0.0 0.0 1.9
147 3%.0 10.%90 0.04 0.53 0.03 0.7
460.3 7.76 12.%9%9 0.74 0.05 0.0
0.0 0.0 0.7
148 26.0 ?.04 0.03 0.&0 0.03 1.2
72.8 9.22 15.51 0.88 0.03 0.0
0.0 0.0 1.2
142 4.0 1.09 0.01 0.08 0,00 2.0
94,0 12.07 20.10 1.03 0.09 6.0
0.0 0.0 2.0
150 49,1 1.11 0.01 0.1t 0.00 1.6
%4.3 11.84 20.08 1.33 0.10 0.0
0.0 0.0 1.6
151 8.5 2.364 0.01 0.15 0.0t 1.3
20.2 11.34 19,11 1.38 0.14 0.0
0.0 0.0 1.3
152 34.1 2.3 0.02 0.92 0.09 2.2
63.7 8.11 13.45 0.88 0.10 0.0
0.0 0.0 2.2
153 79.% 22.04 0.06 1,85 0.12 1.3
12.8 2.449 4.00 0.1 0.02 0.0
0,0 0.0 1.3
154 95.4 25.71 0.07 3,086 0.09 0.5
4.1 0.54 c.87 0.03 0.00 0.0
0.0 0.0 0.5
155 &4.0 17. 68 0.04 1.4:r 0.0& 1.2
34.5 4.47 ».2% 0.27 0.02 0.0 Fes 0.3
0.0 0.0 1.2 0.3



S(m}

157

138

Mag

20,7
7.9
0.0

70.4
27.6
0.0

2.01
11.71

17.61
4. 40

253.3%
1.02

1,72
3.79

25.72
0.4%

23.3%9
Q.53

Ca

0.03
14.3%
0.0

0.01
18.722
G.0

2.46
0.28

(o Y
o O
~

48

Quartz
talc/chlor/fels
total

N O R

Q00

—_ QD =
W oW

Ll I
1 s N

W QW
o w

Qo9
oo u

o
N O R

O
L4 O b

N O M
00 Q

QW
NO N

O
0N

N O N
oo

R

U

Fe oxides

Fes

o,

total

FeS

o Qo
Q= O

FeS 0.2
0.2

T
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Sim) Mag Mg Ca Fe Mn Buartz Fe oxides
Dol talc/chlor/fels FeS
cal total total

147 53.% 14.43 0.035 1.85 0.08 0.8
435.3 3.78 8.25 0.47 0.049 0.0
0.0 0.0 0.8
168 60.0 16.4% 0.05 1.76 0.07 1.0
3v.0 5.07 2.25 0.497 0.04 0.0
0.0 0.0 1.0

(silicates shawn as 1.0 chlorite with no quartz! in C.S.I.R.0. table)

159 32.0 10,23 Q.03 0.832 0,05 1.0

&a0.0 2.0 12,84 0.47 0.07 0.0

0.0 0.0 1.0

179 25.3 a.%5 0.03 .99 0,049 1.0

74.4 2.59 15.53 0.85 0,02 0.0

0.0 0.0 1.0

171 42.1 11.82 0.06 0.4%9 0.035 2.1

55.8 .74 11.85 90.55 0.04 0.0

0.0 0.0 2.1

172 74.3 20.74 0.05 1.35 0.09 2.9

22.8 3.00 4,84 0.17 0.02 0.0

0.0 0.0 z2.9

1732 89,7 24.8% Q.09 2.08 0.01 1.2

?.1 1.17 1.92 0.09 o.01 Q0.0

0.0 0.0 1.2

1749 37.4 10. 30 0.06 0,727 0.04 0.4

&2.0 7.97 12.89 0.73 0.048 Q.0

3] 0.0 D.&

1?35 290.5 22.11 0.06 1.80 0.10 3.6

15,9 2.10 3.35 0.09 0.01 .0

0.0 Q.0 3.4

175 B&. & 23.649 0.09 1.246 0.10 0.5

12,9 1.71 2.71 0.0%9 0.01 0.0

0.0 0.0 Q.5

1772 89.1 22.94 0.02 4.71 0.13 éa.1

4.8 0.&82 1.02 0.09 0.00 0.0

.0 0.0 6.1
178,2-178,5 marker 35j talc schist



Si{m) HMag

dgl
Cal

179 no sample,

180 82.7
15.7
0.0
181 49.9
4g,.8
0.0
122 &5.3
32.9
0.0
183 s7.2
41.72
0.0
184 S5.0
42.7
0.0
185 52.5
43.9
0.0
136 &2.4
35.1
0.0
187 58.5
37.9
0.0

188 ~a.B
12,1

(composition taken for dolomite

2,
0.0
122
182 27.0
21.0
0.0

132.9-238, 5% marksr &/7/7%

amphitolite,talc schist.

Mg Ca Fe

extrapclate fraom

23.08 0.07 1.10
2.049 3.32 0.10
0.0
13.82 ¢.05% 0.50
6.30 10,23 0,40
0.0
17.90 6,08 1.31
4.249 6.94 0.26
0.0
15.30 0.05 1.54
5.27 g.71 0.37
0.0 :

14.03 .04 1.42

2,46 g.89 0.494
0.0

14.03 0.04 1i.4=2

5.71% 2.25 0.27
0.0

17.00 0.07 1.&3

4. 69 7.4%9 0.20
0.0

16.04 0,05 1.50

4.9 7,28 0.40
0.0

20.92 .06 2.48

2.4956 4.07 0.15
0.0

21.29 0,068 1.32
2.7¢ 4.41 Q.22
0.0

Marqinal

50
Mr Guartz Fe oxides
talc/chlor/tels Fes
total total
180 below
0.07 1.6
0.01 0.0
1.8
0.02 1.3
0.04 0.0
1.3
0.09 1.8
0.02 0.0
1.8
0.15 1.4
0.05 0.0
1.6
Q.09 2.3
0,068 0.0
2.3
Q.09 3.6
0.03 0.0
3.6
0.13 2.5
Q.02 0.0
2.9
.10 3.3 0.0
Q.05 0.0 Fes 0.3
3.3 0.3
0.12 2.1
0.02 Q.0
2.1

listed as a

~d

0.0
0.0

(3]
[KUNR I
2 o0

second determination on

calcitic/dolaomitic greenschist,
talcose zones.,



S({m) Mag
bal

€al

Quartz and Crvstalline talc

232 S8.6
3.2
0.0
240 36.3
60.3
Q.0

241,25-273.7? marker 8;

Mg

15.97
4,97

10.00
7.75

with
274 22.3
£9.0
0.0
s A2.2
3a5.1
0.0
276 80,5
12.3
0.0
isilicates
c.s.1.R.0O.
77 82.7
15.1
0.0
273 87.45
11.25
0.0

(no sample,

279 92,2
6.4
0.0
280 72.9
24.5
0.0

22.048
2,320

shown as 0.7 talc and 1.5 chl
d=emed nhot probable.}

tables

22.70
Z.12

24,25

1.485

Ca Fe

0.06 1.32
.97 0.26

0.03 0.7°9
12.77 0.6%
0.0

0,05 1.06
Z.46 0.26
0.0

0.04 1.63

.70 0.07
a.Q

0.05 1.352

0.05% 1.45
2.40 0.095
0.0

zane

31

Mn

Q.02
0.03

0.07
0.17

c.12
0.01

0.11

0.01

0.11
0.01

e

i oa3 ;
3 Doen
et Fy et

Quartz Fe oxides
talc/chlor/fels Fes

total total

3.6

0.0

2.6

3.2 0.0

0.0 FeS 0.2

3.2 0.2

calcitic/dolomitic greenschist and amphibolite
talcaose margins and minor magnesite roack.

W oW
NOo N

Lol = I
NO o

gl IS BN |

talc

D KN +=O

rite with no quartz in

= Qe
N o

1
0.
1

GO

data taken from average aof 277 and 279.)

25.74
0.35

17.927
3.48

0.11
0.0l

0.10
0.03

0 e
B e I

o C
o =R 8
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S2

Stm) Mag Mg Ca Fe Mn RQuartz Fe oxides
Dol taloc/chlor/fels Fes
cal total total

281 74.2 20.48 0.07 0.%5 0.0°? 1.3
24.5 3.23 S.21 0.12 0.03 0.0
0.0 c.0 1.3

282 79.4 22,09 0.0 1.03 0.12 1.3
12.3 2.596 4.12 0.08 0.01 0.0
0.0 0.0 1.3

283 83.1 23.09 0.046 1.03 0.12 2.5
14.4 1.90 .08 0.04 0.01 0.0
0.0 0.0 2.9

289 &K5.9 18.41 0.05 0.481 0.0°7 2.4
31.7 4.17 &.82 0.12 0.03 0.0
Q.0 0.0 2.4

285 1.8 20,28 0.05 0,50 0.06 1.8
26.49 3.46 3.683 0.11 0.03 0.0
0.0 . 0 1.8

28 746.0 21.34 0.06 0.65 0.10 1.0
Z21.0 2.77 4.44 0.11 0.03 2.0 talc
0.0 0.0 3.0

297 58.5 16.34 0.04 0,856 0.083 1.6
39.9 5.26 8.5946 0.20 0.04 0.0
0.0 a.0 1.6

288 381.0 22,32 0.0 1.34 0.12 0.0
14.0 1.83 3.00 0.07 0.02 5.0 talc
0,0 0.0 5.0

289 77.5 21.74 0.07 0.74 0.0% 0.0
14.7 1.22 3.13 0.08 0.02 7.8 talc
0.0 0.0 7.8

2290 -21.7 22.849 0.07 0.72 0.038 1.6
1.7 2.14 3.34 0.08 0.03 0.0
0.0 0.0 1.6

2z 24,0 20.71 0.05 0.61 0,07 0.0
22.0 2.88 4.47 0.10 0,03 4.0 talc
0.0 0.0 4.0

222 P3.é 20.4%8 0.04 0CG.2934 0.11 0.2
12.9 2.4947 4.02 0.07 ¢.,02 4.6 talc
0.0 0.0 7.5



Sim)

td
~d
LA

228,25-307.5 marker 9j

=08

g

E

54,0
41.0
0.0

15.6
8t.1
0.0

el.”
33.0
0.0

38.7
58.3
0.0

ar7—213,0 marker 10}

A
[
4

A
-
o

82.7
15.9
6.0

332.3
lo.2
0.0

Mg

20,48

2.21

20.38
2.13

24.50
0.3°%

21,98
2.891

15.08

5.47

4,33

10.5%

17.21
4.40

10.88

7.37

23.5%9

2.12

24,94
1.34

0.01
17.10
0.0

0.05
12.24
0.0

oMo
-
v g

53

0.08
0.12

Geartz Fe oxides
talc/chlor/fels FesS
total total
0.0

10,0 talc

10.0

0.0

2.0 talc

2.0

0.0

2.7 talc

27

0.3

1.0 talc

1.5

1.0

4.0 talc

5.0

dolomitic greenschist with talcose margins.

[ T
W ou

Lo I ]
Q 4

9.3

2.6
0.4 talc
3.0

talc schist and dolomitic amphibolite.

[ & T T
L o QY

Ll I )
o



Sstm) Mag Mg Ca

315 9.2 2&8.14 0.06

7.6 1.02 1.61
0.0 0.0
314 0.9 26,07 0,048
g.2 1.0%9 1.73
0.0 0.0
347 83.7 23.435 Q.06
15.9 2.08 3.26
0.0 0.0
318 F2.0 20. 560 0.05
Z27.2 3.&7 5.71
0.0 Q.0
219 20.0 22.74 0,05
18.8 2.53 .97
0.0 Q,0
20 &5.1% 18.43 0,06
4.0 4.55 7.21
0.0 0.0

From 321 aon there are ng
composition! use averaje
for FZL1-329 inclusive.

=21 29.7
12.5
0.0
=2 88.8
10.2
a.o
23 ?1.9%
5.2
0.0
324 78.3
17.5
0.0

54
Fe Mn fuartz Fe pxides
talc/chlior/fels FesS
total total
0.29 0.10 1.2
0.02 0.01 0.0
1.2
0,72 0.0% .2
0.0% 0.02 0.0
0.9
1.55 0.13 c.8
Q.05 0,02 0.0
0.8
0.0 0.07 0.8
¢.0% 0.03 0.0
0.8
0.81 0.10 1.2
0.08 0.02 0.0
1.2
Q.83 0.10 0.9
0.18 0,048 0.0
0.2

determinations of magnesite/dolomite
c# the compositions far the 313-320 interval
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Sim} Mag Mg Ca Fe Mn Quartz Fe oxides
Dgl talc/chlor/+fels FeS
Cal total total
325 57.1 3.1
Je.8 0.0
0.0 3.1
=2 -373 (end hole,) Strata W of deponsit. Magnetite bearing

greenschist/amphibolite with minor unusuval carbonate 381.8-3&42.%9
{sample below).

3682 0.0 11.4 Feox 35.2
24.8 16.2chls4.8fel Fes 2.4
0.0 27. 42.8




S

TABLE 1 M. C . Mo 22 DDH . CORE SAMPLE COMPOSITIONS

MINERAL PROFORTIOME DATA FROM C.3.I1.R.0. REPORT MCCS5&62 AMALGAMATED
WITH MAGMESITE/DOLOMITE/CALCITE COMPOSITIONS FROM C.S.I.R.Q. REPORT
MCCSE? AND CALCULATED TO S5HCW APFORTIOMMENT OF ELEMENTS BETWEEN

"MAGNESITE AMNMD DOLGMITE, ETC. FOR EACH SAMPLE. GEOLODGY, H. SHANNON,

Sampl=s Mjner Element Mineral Elenment Mineral
depth Magnesite MgijCajFeiMn: Buartz Si0D2: iron oxides
Dplomite MgjCajFeijMnh: talc/chlar/felspar prrite
(m) Calcjite Ca : total silicates tatal Fe ox/sulph
S(m) Mag Mg Ca Fe Mn Guartz Fe oxidesg
Dol talc/chlor/fels FesS
Cal total ' total

53 4%.2 13,84 0.07 0,72 0.08 2.4 0.0
41.4 5.47 3.44 0.19 0.03 0.0 0.0
0.0 0.0 9.4 0.0
S4 44,0 12.53 0.04 0.8 0.07 19,0
37.0 4.95 7,79 0.14 0.03. 0.0
0.0 0.0 19.0
S5 &1.2  16.62 0.0&6 1,40 O.11 14,9
23.5 3.07 S5.01 0.14 0.02 0.0
0.0 0.0 14,9
sS4 38,8  10.28 0.04 1.48 0,09 164.9
43.3 5.57 9,30 0.44 0.04 0.0
0.0 0.0 14.9
572 S1.5 14.28 0.086 1.45 0.09 9.2
39.3 5.20 8.43 0,27 0.03 0.0
0.0 0.0 °.2
52 72.9 20.03 0.06 1.98 0,13 12,9
19.4 2,57 4.22 0.15 0.02 0.0
0.0 0.0 12,4

{(dolemite values taken +from average of 57 and S59.
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(magnesite values taken from average of 58 and al.}

60,2-50.4 talc/chlorite schistj

Mg

Ca

Q.01
15.12
0.0

a7

b

Quartz

talc/chlor/fels

total

12.4
0.0
12.4

no sample

£l 63,4 17.64 0.05 1.59 0.190 7.3
29,3 3.83 &.41 0.28 0.064 0.0
g.0 Q.0 7.3
a2 77, 21,65 0.07 1.47 0.12 2.4
12,2 2.43 4.24 0.135 o2 0.0
0,0 0.0 2.6
a3 57.5 15.98 .05 1.15 0.0% 3.0
23.5 3.06 5.0 0.13 0.01 15.0 talc
1.0 .40 18.0
&4 11.5 2.84 0.37 0.40 0,03 8.5
59.5 .74 12.49 0.468B 0.10 20.0 talc
0.0 0.0 28.5
as .0 0.0 0.0 0,0 0.0 28.7
71.3 ?.03 15.15 0.87 0.11 0.0
0.0 0.0 28.7
=1 0.0 0.0 0.0 0.0 0.0 27. %
2.5 g8.98 15.02 1.26 0.20 0.0
0.0 0.0 27.4
£6.,49-4846.7 talc sthist; no sample.
&2 56.2 15.02 .04 2,38 0.12 23.2
12.4 2.43 3.924 0.12 0.01 0.0
0.0 Gg.o 25.2
&8 32.5 ®.12 0.03 2.46 ©0.11 43,0
20,0 2.40 4.35 0.2&68 0.02 2.9 talc
1.5 0.& 45.0
{discrepencies in data table adjusted).
a%,7-70,4 talcose chlorite schist no sample

Feox

Fe oxides
FeS
total
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I

W

b

28

(o sample;

Mag

Z.1
°4.8
0.0

11,3548

0.953
11.47

17,05
4,11

1&6. 530
2.92

Ca

0,00
17.97
0.0

¢.00
20.94
0.0

c.00
19.63
o, 80

Fe& Mn
0.0 0.0
0.&2 c.07

Quartz Fe oxides
talc/chlor/+els Fe3
total tatal

11.1
0.0
11.1

10.0

0.0
1¢.0

talc

omoo
o900

talc

NN O
o Q0

0.0
17.0 talc
17.0

WO
O =

5O Db
0o

[ E=In Pl

*

(Ve

?83 and 79 ¥igures).

N OoON
W oo

[l o I
[ e I 8

talc
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Sim) Maqg Mg Ca Fe Mn
Dol
Cal

82 13.0 2.65 .01 0,23 0.02
74.0 .92 15.27 0.38 0.05
0.5 0,20

83 5&.35 15,%0 0.05 1.058 0.10
8.0 5.01 2.18 0.14 0.03
0.0 0.0

84 67.0 18,7% 0.03 1.25 0.12
12.5 2,62 4.10 0,08 0.02
0.5 0.20

25 2.5 2,54 0.0t ©0.38 0,02
70.5 .20 14.88 0.62 0,06
1.5 0,60

=11 44,5 12,35 .04 1.20 0,05
20.5 2.72 q,37 0.15 0.02
a.3 0,20

g7 57.5 16,26 .04 1.13 0.07
22.0 2.93 4.72 0.09 0.01
0.0 0.¢

g8 &0.0 i16.78 .05 1.42 0.09
12.5 2.44 3.94 0,09 0,01
0.0 0.0

82 no sample - estimate as for 38

g?,92-23.,4 marker 2Zaj

4 S54.5 14,50
18.35 2,39
0.0 c.0

o3 4.0 ?.11
31.6 4
1.3

rd=} 60.1 146.14
38.35 5.01
0.0

¢2.,0-100.7 marker 2j

0.03
&. 88
0.52

0.08
8.1%2
0.0

0.12
G.Qo7

Gluartz Fe oxides
talc/chlor/fels Fes

total total

0.0

0.5 talc
10.5

12.0 tale

8.0 talc

31.5 talc

18.0 talc

0.5

20.5 talc FeS 0.5
20.5 0.3

above.

dolomitic greenschist.

a.0
27.0 talc
27.0

3.4
29,2 talc
32.6

= 0
Wwou

dolomitic greenschist; no sample.



S{m} Mag Mg
Dol
cal

102,103 no samples

103 0.0 0.0
69.9 2.03
0.0

103-103.5 marker 27;

104,109 no assay?l

104 0.0 Q.0
89.5 11.89
0.0

107 17.7 4.87
63.8 g8.35
0.0

108 53.6 14,59
34.72 4.48
0.0

&0

LTy
S

4 H ..\-‘ -
LB L P

Ca Fe Mn Buartz Fe oxides
talc/chlor/+fels Fes
total total

extrapolate from 103 below.

0.0 0.0 0.0 30.1

15.12 0,62 0.056 0.0

0.0 30.1

dolomitic greenschistj (a stringer of marker 2)

(ro dolomite values given;

extrapolate from 104 below.

190.5
c.0
10.95

19,2
0.0
19.2

12.2
0.0
12.2

dolomite composition taken from 107 above)

102 no sample; extrapolate from 103 above.

102, 7-111,9 marker 3aj

112 0.7 Q.20
28.% 11.86
0.0

113 8.0 2.18
76.5 10.04
5.0

0.00
18.85
0.0

0.01
1a.12
2.00

dolomitic greenschist.

10.4
0.0
10.4

4.5
5.0 talc
2.5

114 no sample; extrapclate from 113 above.

114,7-115.2 minor greenschist,

116 31.2 3.41
6.6 g8.449
0.0

0. 04
13.87
0.0

1.1°2
1,09

0.06
0.0%9

no sample.

2.1
0.0
2.1
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Sim) Mag Mg Ca Fe Mn Cuartz Fe oxides
Dol talc/chlor/fels FeS
Cal total total
1172 5&.9 15.27 .05 2.3t 0.10 3.5
39.5 5.03 8.20 0,60 0.05 0.0
0.0 0.0 3.9

(no sample) value taken fraom average of 11& and 118.)

18 22.8 22.13 0.08 3.42 0.13 4.9

12.32 1.a81 2.52 0.1Cc 0,01 c.0

0.0 0.0 4.7
119,120 rio sample&; Extrapnléte from 113,

120.3-133.3 marker 3; dolomitic greenschist.

134, 13% no sample; extrapolate from 138.

135,94-137.8 marker 3z; dolomitic greenschist.

1329 72,9 21.049 .07 3,68 0.17 2.4
17.4 2.25 3.72 0.23 0.02 0.0
0.0 0.0 2.4
13?2 no sample; extrapolate from 138.
140,141 no sample; sxtrapolate from 142.
142 275.& 20,44 .08 3.24 0,11 2.3
21.9 2.87 4.469 0.29 .02 0,0
0.0 0.0 2.3
143 13.1 3.96 0,02 0.449 0.02 2.1
4.8 11.01 17.846 0.%4 0.13 0.0
0.0 0.0 2.1
l44 88.8 24. 86 o.0828 2.2¢ 0.11 4.1
7.1 Q.99 1.47 0.07 0.00 0.0
0.0 0.0 4.1
145 3.5 20,462 0.0& 1.58 0.083 1.2
24.9 3.35 5.22 14 0.01 0.0
0,0 0.0 1.2
1945 70.8 17,30 Q.04 1.86 0.083 1.2
27.9 .77 &.05 0.1 0©0.01 0.0
0.0 0.0 1.2

197,148 no sample; extrapolate from 1446,
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&2
S{m)} Mag Mg Ca Fe Mn Quartz Fe pxides
Dol tzlc/chlor/fels FesS
Cal taotal totel

142,150,151 no sampie; 2xtrapoltate from 152,

152 =1.0 25.10 0.05 2.2% 0.08 1.0
7.0 0.%4 1.49 0.05 0.00 0.0 Fes 0.5
0.0 0.0 1.0 0.5
15X 93.9 26.08 0.08 2.6849 0.09 1.3
Q.7 0.&2 1.01 0.04 0.00 0.0
0.1 0.09 1.3
154 <91.0 24,33 0.05 2.71 0.10
2.0 1.1¢9 1.94 0.07 0.00 .0
0.0 0.0
155 B6H.5 23.32 0.08 2.74 0.10 0.0
13.0 1.72 2.82 0.1! 0.01 0.0
c.0 0.0 0.0

(no samplejvalues taken fram average of 154 and 136.)

156 82.0 22.30 0.07 2.80 0.10 0.0 Feox 1.0
172.0 2.24 3.70 0.15 0.0} 0.0
0.0 0.0 0.0 1.0
157 0.0 0.0 c.0 .0 .0 10.5
837.2 11.43 18.77 0.&7 0,05 0.0
2.2 0,882 10.5
19 &85.9 23.59 .08 2.79 0.09 2.8
1.1 1.43 2.33 0.13 0.02 0.0
0.0 - 0.0 2.8
159 275.9 20.47 0.06 3J.08 0.12 3.4
20.3 2.62 4.25 0.23 0.02 0.0
0.0 0.0 3.4

140 no sample; extrapolate +rom 159 above

161 no sample; extrapolate from 142 below

152 72,0 19.28 0.06 2.85 0.14 4,4
23.4 3.04 4.97 0.19 0.01 0.0
0.0 0.0 4,4

163 &%.2 18.96 0.06 2.00 0.15 11.7
19.1 2.50 4.1& 0.15 0.02 0.0
0.0 0.0 11.7
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a3
Stm} Mag Mg Ca Fe Mn Quartz Fe oxides
Dol talc/chloar/fels Fes
cCal total total

164, 189, 1858, 167, 14685 cavity, no samples: represent by average of
162 and 163 samples.

168.8-1782.1 marker 4j greenschist, no sample.

Hole ends in magresite at 178.4



1. .
£ vy
o oty

BearT

(
C:K Creshan.

Savage River Magnesite Development.

Report SR/SRM 1.
January 28,1988,



Executive Summary.

Review of the work carried out by the CSIRO and others
indicates that the Savage River deposit contains reserves
of approxXimately 40 million tonnes of raw magnesite from
which a range of products, including magnesium metal and
premium quality refractories, could be made by specialised
preocessing. .

Two facts combine to make this magnesite deposit of
special intersst : * the very low Boron content sought
after by manufacturers of premium guality magnesite
refractories and * the CSIRO Patent for production of
exceedingly high purity magnesia from this ore, using
prassurised carbeon dioxide leaching.

While the deposit is known to be wvery large, a good
deal more exploration of the orebody is required to upgrade
the ranking ¢f the resaerves and provide the quality
information nesded to plan an operation based on selective
mining and accurate process control.

The specific conditions required to produce chemically
purified magnesia from this ore have been determined and
are incorporated in a Patant Application but while this
provides the confidence to proceed, a second phase of
experimental work is needed now to satisfy the Patent
Licencing requirements and to prove that * the process can
be converted to a commercial operation at the desired scale
* that thes end product will perform as reguired and * that
the whole operation is profitable.

To satisfy the requirements set out above * a
comprehensive exploration and quality assessment program is
needed * the design, construction and operation of a pilet
production unit is necessary and when the end product
becomes available for evaluation * marketing and economic
studies will be required to evaluate the technical and
economic feasibility of full scale productiomn.



Introduction.

With the completion of chemical processing studies by the
CSIRC on the Savage River magnesita and the granting of a
Licence Agreement to IMI over the resulting Patent,
investigations must move now to a pilot production plant,
in order te¢ provide the engineering data needed for
assessment and development of a full scale plant.

This review attempts to set the studies already completed
within the wider framework of investigations needed for the
development of an integrated production system, extending
from mining to sales. The system will be reviewed in
reverse order, commencing with end products, to develop and
explain the logical constraints which should be imposed on
each preceding section of the processing operations.
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Marketing.

General.

Magnesite is essential to modern industry. with
approximately 90% or 7.4 million tonnres used for production
of high temperature refractories and the balance divided
between chemical and metal production . Review cof the
recent histeory of the magnesite industry shows that it is
one of oversupply, principally due to the worldwide
downturn in the consumption of basic refractories. This
downturn was the result of two main factors * reduced steel
production and * a marked reduction in the consumption of
basic refractories per tonne of steel, brought about by a
signifizant improvemant of the quality of the magnesia used.

Conseaguently, it is obvious that there is little chance of
breaking into the market with an "ordinary" magnesite
product in the forseeable future. For the exploitation of
the Savage River magnesite deposit to be considered at this
tima, it would be essential to be able to manufacture a
premium refractory product and there i1s every indication
from the CSIRO work that this may be possible with careful
processing.

If the Savage River magnesite is used for manufacture of
refractories, a secondary market may exist for the
production of magnesium metal. This would require
alliocation of the best of the raw ore for this purpose and
may be viable only with a large scale operation in which
selective mining was usad to produce a range of grades for
other processes,

Basic Refractories.

From enguiries made by the CSIRO and from other sources, it
is evident that magnesia of the following specification
commands a premium and should enjoy an assured and
expanding markst if competitively priced.

Mg O...vvvevane 99.0 % minimum.

B2 03......0.... 0.005 % maximum.

Fe2 O3.......... 0.05 % maximum.

Ca O/ 81 02....... 4 : 1 minimum
Relative Density......3.55 minimum



However, the above specification is not the full
reguirement, as it cannot guarantee success of the final
ware with prolonged service at high temperature. Factors,
such as size and packing density of the periclase c¢rystals
and the characteristics of the minute guantity of
impurities used as a final bond for these crystals,
determine attributes such as slag resistance and mechanical
strength of the commodity. Assessment of these factors and
actributes regquires sophisticated physical testing of
magnesia and the ware preoduced from ic.

Production of crystals cf periclase from 0.05 to 0.5 mm in
size from magnesia effects a simultaneous increase in
relative density to 3.40 or gresater, depending on the
temperature to which the magnesia is taken and gquantity and
disposition of the contaminants present. As well as
chemical purity, the final gquality may be influenced
equally by the heating method used, of which the twe main
ones are : * "deadburn" calcining in a rotary kiin at 1650
to 2000 degrees Celcius or * fusicn in an electric furnaca
at approximacely 2850 degrees celcius. The latter method
prcduces crystals 10 to 15 larger than the former with a
significantly higher relacive density ( 3.50 - 2.58 vs 3.35
- 3.4% }. Although cbviously more expensive to produce,
fused magnesia imparts superior attributes to refractories
and commands prices from 51,300 to 82,050 per tonne.

From the above it can be seen that, before contemplating
erection of a major facility, it is essential to prove the
full production path and to provide pilot quantities of the
actual product for customer evaluation. This product should
be representative of the gquality which can be sustained
over the life of the enterprise.

Constraints on Processing.

Whilst the Savage River magnesite readily meets the Boron
specification and the CSIRQ process can produce the
required chemical purity,it is difficult to meet the
relative density specification from precipitated magnesia
gven with two stages of calcining in a rotary kiln. The
main reasons for this probably stem from the difficulty of
producing a sufficiently dense briquette for calecining and
insufficient temperature and time for crystal growth.

For a chemically refined magnesia particularly, fusien
appears to be the only assured means of achieving a premium
specification in these aspects. Whilst the fusion process
may be more difficult and expensive than " deadburning "in
a rotary kiln, it may * provide an opportunity to optimise
the composition of the matrix, * reduce earlier processing

costs by allowing a greater tolerance for iron, * eliminate

5



VAN beog

the need for expensive high density briquetting and *
provide independence of fluctuations in the price of fuel
0il or gas.

An investigation inteoc the equipment used for the production
of fused magnesia and the associated technical challenges
and costs should be undertaken first, as it has a
significant bearing on many production steps and may have a
bearing on the location of the plant.
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Post Precipitation Processing.

It has been demonstrated by the CSIRO work that carbon
dioxide leaching and subsequent precipitation of
hydro~-magnesite can eliminate most of the impurities in the
raw ore and enable production of a magnesia containing
99.0% Mg O or better.

The precipitated hydro-magnesite {(Mg5 (C03)4 (OH)2.4H20))
is separated from the c¢ircuit liquor by vacuum filtration.
The ‘resultant filter cake has to be dried and consolidated
to impart sufficient mechanical strength for subsequent
precessing. Unfortunately, the purity and particle shape
are not likely to provide natural bonding properties and
briquetting and other measures may be necessary to achiave
the required degree of strength. Good abrasion and shatter
resistance 1s essantial to raduce comminution and dusting
but the mass must have sufficient poresity tec allew the
rapid removal of free and combined water to prevent
decrepitation during heating.

Subsaquent processing includes low temperature calcination,
gither in a rotary or shaft kiln, ar a temperature ketween
600 and 90C degrees Celcius. It is required feor two
purposes * to decompose the magnesium carbonate to form
caustic magnesia and retrieve carbon dioxide for the
leaching process and * to impart a sintered structure for
improved density and handling strength. This calcination
should be carried out with a "clean" fuel, such as gas or
fuel o0il se as to avoid contamination of the product with
solid combustion residues, or it could be carried out in an
indirectly heated rotary kiln with a poorer fuel.

While there is a possibility that the fusicn process may
not require feedstock of the same strength as for final
caleining in a rotary kiln, productien of an intermediate
caustic calcined magnesia is desireable for at least two
other reasons * to recover carbon dioxide for the leach
process and * to make high purity caustic magnesia
available for sale to various industries in that form.

Two main areas need to be resclved before proceeding with
the design of the Post Precipitaticon Processing stage * the
agglomeration process required to produce briguettes for
calcination and * the method of calcination and retrieval
of carbon dioxide.
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Leach Precipitation Process.

Under controlled conditions, leaching of magnesite ore with
pressurised carbon dioxide has been shown to result in the
production of a very high purity magnesia. While the purity
is more than adequate for most purposes, magnesia destined
for use in super basic refractories should contain less
than 0.01 % of Boric Oxide and preferably less than 0.3 %
of ircn oxide and alumina combined. The Savage River
magnesite has shown inherent levels of Boron which are
several orders lower than necessary but the iron oxides
have been found to be intimately asscciated with the
magnesite and have proved difficult to eliminate to
comfortablzs lzvels. The actual iron specification which has
to be attained with the Savage River magnesite has not been
determined, bacause it depends ultimately on the high
temperature characteristics of all of the contaminants
combined, not only the principal fluxes such as Boric¢ Oxide
and Iron Oxide but also Amina, Lime, Silica and others
which may promote a low melting point in trace amounts.

It is essential to be able to carry out sophisticated
refractoriness tests on the end product to determine what
levels of iron oxide may be tolerable in Savage River
material manufactured in a specific way, because
predictions cannot be made from the chemical constitution
at this stage.

With the iron specification determined, the conditicns
under which chemical processing must take place to achieve
it have been well defined in the CSIRO work. It has been
demonstrated in the laboratory that iron c¢an be brought to
a level of ¢.1 % (1) without resortf to a separates iron
praecipitation using Aluminium Sulphate, but very strict
control of the whole process will be necessary to achiave
the desired iron level consistently and economically.

In order to minimise capltal and operating costs in the
leaching plant, the feed should be a controlled blend of
raw ore, precalcined at a tamperatures specific to the fezad,
slaked in the minimum time at a contreolled temperature and
wat milled to less than 0.15 mm. Leaching should take place
using a maximum pulp density in conjunction with a minimum
temperature, Carbon Dioxide pressure, agitation and
retention time appropriate to the effective dissoclution of
magnesia. By these methods, iron dissolution will be
minimised while magnesia dissolution will be maximised.

Reference (1) - CSIRO Report MCC 518, pp 22.
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Process develeopment leaching was carried out batchwise in
autoclaves by the CSIRO and it would seem appropriate to
use adequately instrumented, scalad up versions of these
units in the pilot plant to provide flexibhility for
continuing experimental work. However, if the pilot plant
is to provide angineering data for design of a large scale
plant, some skill will be needed to interface batch
leaching and precipitation with the preceding processass of
rotary calcination, cooling, slaking and wet grinding and
the following ones such as vacuum filtration, briquetting
and rotary calcination.

An opportunity may be presented, during the wet milling
cperation pricr to leaching, to reject a portion of the
lcwer grade feedstock by use of size classificaction in
¢lesed c¢ircuit with crushing and milling. Bacause dolomite
decomposes at a higher temperature than magnesite,
dolomitic fragments in the feed may remain at a larger size
than the magnesite on crushing after calecining and moreso
afiter the slaking process. Silicilous material, alsoc, may
remain more competant than magnesite and offer similar
opportunity for rejection with the dolomitic materil.
Improvement in the magnesite / dolomite ratio in the
feedstock for leaching would not only provide more
economical processing but it would help to minimise iron
dissclution. While this would be highly desireable, a fast
means would have to be found to determine the rasidual
magnesite / delomite ratic of the feed routinely prior to
leaching, in order to optimise the leach conditions.

Selection of the appropriate aguipment to achieve ongoing
and regular output of semi-commercial guantities of product
having a tight specification will be a signifiant chemical
engineering challenge, the success of which is central to
the success of this project. ‘



Precalcination, Slaking and Grinding.

Great care is essential in the preparation of the raw
magnesite for leaching to maximise the magnesite dissolution
while at the same time minimising the iron dissoclution. The
main technical concern is to precalcine the raw feed evenly,
at a temperature specifically chosen to suit the magnesite /
dolomite ratio in the feed at any particular time.

The ¢lassic way of achieving a known feed quality on a
continuous basis is * to have a well documentsd orebody, *
to carry out selective mining on a program designed to
utilise as much of the resource as pcssible, * to blend the
various qualities of raw matzsrial under accurate control and
* to have an effective system for routine sampling and
analysis.

Having a feed material with minimum wvariability and of a
pradetermined quality is routinely achieved in other
industries by the use of properly designed blending systems
and this regquirement should present no major engineering
problams. The key to proceass control with this system is to
keep a running inventory of quantity and quality of material
in the stockpiles, so¢o that control can be exercised over
selective mining, where the aggregats quality is really
determined. Fast and accurate routine sampling and analysis
of ore before mining and on stockpiling is essential for
this purpose,.

With known feed quality, the appropriate pracalcination
temperature can ke determined frem the results of the CSIRO
studies. However, translating that informacticon into
effaective calcination of the raw magnesite in a continuocus
procass enviroament presents a foermidable challenge, which
the CSIRO workers wWere not able to overcome in the time
available. The basic problem is to effectively heat all of
the material to a designated minimum temperature within the
allocated time, without overheating a significant portion.

For effective heat transfer, the feed should be as small as
possible but that brings problems of dusting and variable
residence time for the numerous sizes in the feed. It alsco
reduces the opportunity for rejection of delomitic and
silicious fragmentson size after calcination. If the latter
is proved not to be a viable proposition, equipment is
available for gas suspension calcination of magnesite ground
to minus 2 mm. Proponents of this method claim that the
temperature control of the calecine is improved and the speed
of reaction is much greater. Other benefits claimed are
greater operational flexibility and reduced capital and
coperating costs {particularly fuel costs).

10
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The conventional units used for caustic calcination of
magnesite are shaft and rotary kilns and they require a feed
size of approximately minus 50 mm. plus 15 mm. for
comfortabls materials handling operation and dust reduction.
The shaft kiln, in particular, requires a feed size range
devoid of the fines which tend to pack into interstitial
voids, blocking off the hot gas stream from certain areas
and causing localised under-calcining. While both of these
kilns can be operated with the hottest gasses countaerflow tc
the product, for a meore gradual and thorough heat transfer,
it might be expacted that thz degree of calcination would
change from the ocutey surface to the core cf such largs
particles and for particles of different size. This natter
mav be of little consequence for ordinary caustic-calcining
but it 1s of considerable importance to the carbeon dioxide
l=2ach procsass.

The size of raw magnesite calcined in the CSIRQO experiments
was arbitarily chosen to suit the feed handling system of
the rotary calciner and was minus 6émm. plus 2.5 mm. but
despite the fineness and narrow size band, severe
difficulties were encountered in controlling the calcine
gquality and experimental rotary calcination was abandoned.

Precalcinaticn for the carbon dioxide lazach process may
require a combinatiocn of calcining processes to achieve the
desired results, if the gas suspension method is not
appropriate for the total quantity for other reasons. For
instance, it may be possible that there is a natural
correlation between the magnesite / dolomite ratio and the
size fractions in crushed raw o¢re which requires a different
caleination tenpesrature for efficient leaching.

Even if this is not so, it may be appropriate to calcine the
fina particles separately because of the different rate of
heat transfer and different materials handling properties.
In this case, gas suspension calcination may be considered
for the fines and another process such as a rotary kiln or
fluidise< bed system for the coarse particles. Thus, wastage
of the natural fines would be avoided, providing that dus
regard was pai in the mining operation to elinination of
overburden and obviocus gangue, and post caleining grinding
costs would be raduced. If it transpired that there was a
difference in quality in tha sizes, part of the lower grade
product might be diverted to other uses.

The fuel used for precalcintion is an important
consideration in the economics of the process and though
pulverised ceoal is a commen fuel for this purpese,
investigation will be needed to ensure that iron bearing ash
residues do not add to the problems of minimising iron
entrainment, which is critical to the success of the

11



praoject. If the precalcination is carried out on the same
site as the final calcination or melting, it may be possible
to utilise waste heat for precalcination. It will probably
be necessary to collect and purify the carkon dioxide
liberated during the decomposition of the raw magnesite and
these operations would be assisted by the use of a cleaner

heating gas.

After calcination, it is recommended that the material he
cooled, and crushed if necessary, before slaking because the

temperature at which this process takes place and the length -

of time taken has a pronounced effect on iron pickup.
Exploitartion of any size / quality relationship, therefore,
should takes place by screening out a selected oversize prior
to crushing. The size to which the calcine is crushed prior
to slaking has yet to be determined and will be influenced
by the necessity to achieve hydration of the magnesia
thoroughly in the shortest possible time at the lowest
temperature. Eventually, it should be ground smaller than
0.15 mm. for effective leaching and this may reguire a wet
milling step in closed circuit with size ¢lassification
apparatus such as hydrocyclones. An opportunity may be
presanted at this stage, also, teo reject the larger
particles 1f they are shown to be of inferior gquality. Care
will be needed during nilling and sizing to limit the
dissoluticn of ireon from the hydrated magnesia or from the
equipment.

12
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Exploraticn, Mining, Stockpiling and Blending.

It has been shown that to produce the low iron magnesia
critical to the success of this project at the present
time, the grade of magnesite presented for precalcining
must not fall below a certain level at any time. Though
variabkility can be tolerated to a cartain extent, it is
essential to have it under contrsosl and t¢ know the guality
accurarely so that the process can bhe adijusted to
accommodate the change. These matters can be addressed
successfully using the common industrial practices of

stockpile blending coupled with appropriate laboratory
facilities.

The real essence of raw fsed control will originate in
selaective mining prior to stockpiling and an inventory
system which will enginesr fesd stockpiles of predetermined
gquality. Tc do this, it will be nacessary to have an idea
of the aggregate qualicy of the mineable reserves and to
have a mining plan, hasad on approrrliate borehole

information, capable of utilising the maximum amount of raw
maghesite.

Currently, there is a limited number of boreholes and as
y&t no accurate estimate of what a sustainable average
gquality may bhe, though there is an amount of evidence from
prospecting that the deposit is of considerable size.

A review of the exploration data 1s being carriad ocut by
others and , no deubt, will recommend that a substantial
drilling and analysis program should be undzrtakan to
determine the guantity of the various ore grades available

and to provide informatien on which preliminary mining
plans c¢an bhe constructed.

13



Conclusions.

The success of this project in the current circumstances,
hinges on a number of factors, some technical but all of
them impinge on the economic viability.

The technical keypoints relate to the ability of the
process to produce magnesia with the level of iron low
enough to allow achievement of refractory properties equal
to the best available and to present the final product in a
form capable of commanding the top price.

The economic keypoint concerns the =2fficient use of energy

and the salection of processes and esnergy sources which
will remain competitive over the lifespan of th enterprise.

14
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