
14tG01

MiNES

1 R ~'~I.w 1993.....""",,."' ..,-~~._,.-

M~c~~u:ne!LMlED

FICi'H:: 11';:;;,0127/4 -IS;

THE ANCHOR MINE

A RESOURCE ASSESSMENT

foY"

SPECTRUM RESOURCES PTY LTD

APRIL 1993

P..-epaY"ed by

MICHAEL V. McKEOWN

SSc (Melbou..-ne), G..-ad Dip Mining (Salla..-at),
Ass Dip Ag Bus Man (Launceston), Fellow AusIMM

RIDGLEY, TASMANIA



146002

CONTENTS

1 I NTRODUCTI ON

2 GEOLOGICAL SETTING

3 TIN MINERALISATION

4 METALLURGICAL IMPLICATIONS OF THE ORE MINERALISATION

5 THE ORE LENSES

6 MINING

7 RESOURCE ESTIMATES

7.1 TIN GRADE DISTRI8UTION

7.2 THE RESOURCE ESTIMATION METHOD

7.3 THE RESOURCE ASSESSMENT CRITERIA

7.4 COMMENTS ON THE RESOURCE ESTIMATION

7.5 TONNAGES AND GRADES

8 SUMMARY

Ref"erences

Appendi~ 1

Appendi~ 2

Appendi~ 3

Appendi~ 4

Appendi~ 5

Sp~eadsheets o~ tonnages and g~ades

Desc~iptive model o~ tin g~eisen deposits

Schematic mill ci~cuit at 24th Octobe~ 1991

Development sludge samples

8 Lens o~e ~ese~ve, 1989 (L.A.Newnham)



146003

TABLES

1. Reco~ded p~oduction o~ cassite~ite concent~ate ~~om the
Ancho~ Mine

2. Pa~agenetic sequence o~ mine~als at the Ancho~ Mine

3. Metallic mine~als at the Ancho~ Mine

4. Ancho~ Mine o~e ~ese~ves. o~e ~esou~ces and othe~ o~e

occu~rences at 30 April 1993

FIGURES

1. Geological Map o~ north-east Tasmania showing locations o~

p~incipal tin deposits

2. Geological map o~ the Central Blue Tier area

3. C~oss section th~ough the Anchor Opencut showing the
relationship between the Poimena Adamellite and the Lottah
Granite

4. Sketch cross section o~ the contact between the Poimena
Adamellite and the Lottah G~anite showing the alteration
styles near the contact

5. Isomet~ic view o~ the "~olded" natu~e o~ the granite
int~usions at the Ancho~ Mine

6. Cross section th~ough A Lens along 5040E

7. C~oss section th~ough A Lens along T drive

8. Isomet~ic view o~ the inte~preted pipe near BT42

9. C~oss section through A Lens along R drive

10. Plan o~ the B Lens wo~kings with st~uctu~e contou~s o~ the
B Lens ~ootwall

11. C~oss section th~ough closely spaced diamond d~ill holes
illust~ating the e~~atic dist~ibution o~ cassiterite

12. Down hole variog~am along diamond d~ill hole BT52

13. Sketch plan showing the classi~ications used ~o~ this ore
~esource statement



1 I NTRODUCTI ON

The Ancho~ Tin Mine lies 22 kilomet~es to the no~th-west of St
Helens in Tasmania's no~th-east: see Figu~e 1. The mine is the
la~gest of many mines which make up the Blue Tie~ Tinfield •
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Figu~e 1. Geological Map of no~th-east Tasmania showing
locations of p~incipal tin deposits

The o~ebodies of the Ancho~ Mi ne we~e di scove~ed du~ i ng the
bu~st of explo~ation fo~ tin in the 1860's and 1870·s. The
Ancho~ Tin Mining Company Limited was floated on the Hoba~t

Stock Exchange in 1882.

Alluvial ope~ations eventually gave way to ha~d ~ock mining by
opencut. Although the o~e won f~om the opencut was low g~ade

by the standa~ds of the day, ove~-optimistic views of the
economics of mining the o~ebody led to the installation of a
100 head stamp batte~y d~iven by a wate~ wheel 66 feet in
diamete~. The cheque~ed histo~y of tin p~oduction ove~ the
yea~s is outlined in Table 1.
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TABLE 1

RECORDED PRODUCTION OF CASSITERITE CONCENTRATE
FROM THE ANCHOR MINE

to 1892

1898 to 1903

1898 to 1914

1901 to 1904

1903 to 1914

1907

1910

1911

1914

1914 to 1923

1928

1934 to 1935

1936 to 1942

1989 to 1991

293 tonnes

1 021 tonnes

2 767 tonnes

766 tonnes

175 tonnes

229 tonnes

144 tonnes

163 tonnes

136 tonnes

43 tonnes

6 tonnes

113 tonnes

250 tonnes

722 tonnes

Ancho~ Tin Mining Co

Ancho~ Tin Mine Ltd

Ancho~ Tin Mine Ltd

Ancho~ Tin Mine Ltd

Ancho~ Tin Mine Ltd

Ancho~ Tin Mine Ltd

Ancho~ Tin Mine Ltd

Ancho~ Tin Mine Ltd

Ancho~ Tin Mine Ltd

T~ibute~s

T~ibute~s

Ancho~ Tin Syndicate

Tasman Tin N.L.

Spect~um Resou~ces Pty Ltd

Note: the ea~ly p~oduction ~eco~ds a~e incomplete; this table
has been adapted and updated ~~om Table 1.1 in Ross
( 1983) .

The Abe~~oyle Tin Development Partne~ship explored the Ancho~

a~ea between 1963 and 1966. Thi~ty nine diamond d~ill holes
we~e completed but the o~e outlined did not meet thei~ ta~get

objective o~ one million tonnes at 1% Sn.

In 1976, Hellye~ Mining and Explo~ation Pty Ltd was g~anted

Explo~ation Licence EL9/76 ove~ 76 squa~e kilomet~es which
included the Ancho~ Mine. At about the same time, Renison
Limited began a p~og~amme o~ explo~ation in the sea~ch ~o~

la~ge, low g~ade, tin deposits in Tasmania. One o~ the
p~ospects selected by Renison was the Blue Tie~ Tin~ield

including the Ancho~ Mine and, in Decembe~ 1977, a joint
ventu~e ag~eement was ente~ed into with Hellyer Mining and
Exploration.
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Reni son d .. i lIed ove" one hund.. ed diamond d.. ill ho les in the
Ancho .. Mine a .. ea and identified a ..esou"ce of 8.8 million
tonnes at 0.18% Sn, based on a cut-off g .. ade of 0.05% Sn. This
was not conside..ed an economically mineable ..esou ..ce (Ross,
1983) .

Included in the Renison .. esou .. ce we .. e 630,000 tonnes at 0.49%
Sn, based on a cut-off g .. ade of 0.2% Sn (Ross, 1983). This
highe .. g .. ade ..esou..ce was located adjacent to the old opencut
wo .. kings.

In 1988 Mike Bake .. , of Spect .. um Resou.. ces, calculated a
..esou .. ce, in two lenses of o .. e adjacent to the old opencut
wo.. kings, of 438,000 tonnes at 0.62% Sn, based on a cut-off
g .. ade of 0.5% Sn (Bake .. , 1988b). Spect ..um Resou..ces conside ..ed
that the .. e was potential fo .. p ..ofitable ext .. action of this
..esou .. ce using a suitable unde .. g .. ound mining method at the
..uling tin p .. ice. Spect .. um Resou.. ces developed an unde .. g .. ound
mine and g ..avity concent .. ato .. in 1988/89. Unfo .. tunately tin
pr"ices fell d ..amatically f .. om ove .. USS10,000 in 1988 to less
than USS6,000 in 1991. Due to low tin p .. ices, the ope ..ation
was placed on ca .. e and maintenance in Decembe .. 1991.

2 GEOLOGICAL SETTING

The geology of the Ancho .. a ..ea was comp ..ehensively desc .. ibed by
Reid and Hende .. son in 1928. Mo .. e ..ecently, Ross (1983) gave
details of the lithologies and alte .. ation patte .. ns in the
Ancho.. Mi ne a ..ea. The development of the unde .. g .. ound mine has
gene ..ally confi .. med these p ..evious desc .. iptions. Examination
of the unde .. g .. ound exposu ..es has led to a bette .. unde ..standing
of the g ..eisen occu.... ence and dist .. ibution within the host
..ocks and, also, the possibility of o .. e extensions beyond the
limits shown in p~evious ore reserve reports~

A detailed
beyond the
included to
assessment.

desc .. ipt1on of the geology of the mine a .. ea is
scope of this .. epo .. t but a b .. ief desc .. iption is
enable a sensible unde ..standing of the o ..e .. esou ..ce

At the Ancho.. Mine the .. e a .. e two domi nant .. ock types: the
Poimena Adamellite and the Lottah G..anite, both of late
Devonian - ea .. ly Ca .. bonife ..ous age. The Poimena Adamellite is
a medium to coa ..se g ..ained adamellite. The Lottah G.. anite is
an alkali feldspa .. g .. anite.

The Poimena Adamellite is the mo .. e extensive and olde .. "ock; it
has been int .. uded by the younge .. Lottah G..anite: see Figu ..es 2
and 3.
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An alte~ation zone occu~s in and below the ~oo~ o~ the Lottah
G~anite and it is in this alte~ation zone that the Ancho~

o~ebodies occu~. In places, the alte~ation has ~esulted in
cassite~ite bea~ing g~eisen which ~o~ms a technically typical
deposit: see Appendix 2.

At the contact between the two g~anitic int~usions a na~~ow,

extensive but non-continuous, zone o~ pegmatite has developed.
Ma~ginal pegmatites o~ this type a~e a ~eatu~e o~ many g~eisen

deposits and a~e known as stockscheide~s.

... - - ... --------- -- .......

----

CrIl.E. \SE.N \ Sl!tO La"Ii"'A H CtR,AMl T!.

--------- ------

Figu~e 4. Sketch c~oes section of the contact between the
Poimena Adamellite and the Lottah G~anite showing
the alte~ation styles nea~ the contact; the b~oken

lines ~ep~esent di~~use contacts.

3 TIN MINERALIZATION

Tin occu~s as casslte~ite within g~eisen zones which a~e

developed within the Lottah G~anite. The t~ue g~eisen is a
qua~tz-topaz-muscovite/se~icite ~ock which has ~o~med by
alte~ation ~~om the Lottah G~anite. Ross (1983) desc~ibes two
stages o~ alte~ation:
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"The l'i..-st stage involved the ..-eplacement of
magmatic mine..-als i.e. the ..-eplacement of
l'eldspa..- and p..-ima..-y micas by topaz, yellow
g..-een to da..-k g..-een side..-ophyllite and the
int..-oduction 01' cassite..-ite, accompanied by
spo..-adic t..-aces of fluo..-ite. This phase may be
..-ega..-ded as g..-eisenisation.

"The second stage of alte..-ation can be ..-ega..-ded
as a low tempe..-atu..-e hyd..-othe..-mal stage in
which some of the topaz and side..-ophyllite was
..-eplaced by fine se..-icite/muscovite, side..-its
and t..-aces of sulphides."

Table 2 lists the most Common mine..-als in pa..-agenetic sequence.

TABLE 2

PARAGENETIC SEQUENCE OF ROCK FORMING MINERALS
AT THE ANCHOR MINE

EARLY MAGMATIC MINERALS

LATE MAGMATIC MINERALS

GREISENISING MINERALS

HYDROTHERMAL MINERALS

qua..-tz
albite
o..-thoclase
pale biotite

muscovite
topaz

side..-ophyllite
topaz
cassite..-ite
fluo..-ite
apatite

sericite
si de..- i te
sulphides

This table has been modified f..-om Table 4.1 in Ross (1983).

The intensity of the alte..-ation is ..-eflected in the colou..- of
the ..-ocks. The unalte..-ed Lottah G..-anite is a c..-eam-white ..-ock
which, with alte..-ation, p..-og..-essively changes in colou..- th..-ough
g..-ey and light g..-een in g..-eisenised g..-anite, to da..-k g..-ey-g..-een
and black in the t..-ue g..-eissn.

T..-aces of cassite..-ite occu..- within the g..-eisen and g..-eisenised
g..-anite. Not all the alte..-ed ..-ocks contain cassite..-ite but the
da..-ke..- g..-eisens tend to contain mo..-e cassite..-ite than the
lighte..- colou..-ed g..-eisens and g..-eisenised g..-anites. The
g..-eisens also contain t..-aces of sulphides and wolf..-amite. See
Table 3 1'0..- a list of the metal bea..-ing mine..-als which have
been identified.
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TABLE 3

METALLIC MINERALS AT THE ANCHOR MINE

acanthite
a,,-senopy,,-ite
bismuthinite
bo,,-nite
cassitel""ite
chalcocite
chalcopy,,-ite
covellite
digenite

galena
molybdenite
p,,-oustite
py,,-a,,-gy,,-ite
pyrite
pyr,,-hotite
sphalerite
tet,,-ahedrite
wolframite

Cassiterite generally occurS as disseminated g,,-ains and
occasionally as larger crystals. The g,,-ains have been described
as being g,,-eater than 40 mic,,-ons in diameter and individual
crystals up to 15 millimet,,-es aCrOSS have been observed in the
unde,,-ground workings.

Cassiterite is commonly intergrown with topaz, quartz and mica
but ,,-arely with sulphides. This pattern of intergrowths
reflects the paragenetic sequence outlined in Table 3.

4 METALLURGICAL IMPLICATIONS OF THE ORE MINERALOGY

The mine,,-alogy
product i on of a
fo,,- a schematic

of the ores has direct implications for the
clean cassiterite concentrate. See Appendix 3
drawing of the mill circuit.

The coarseness of the cassite,,-ite grains means that high
recove,,-ies can be achieved with a ,,-elatively simple mill
ci,,-cuit. Fander (1977) describes the cassite,,-ite crystals in
diamond drill hole BT42 as a "metallurgist's delight". Ross
(i983), following extensive metallurgical testwork by Renison
Limited, stated that there is "significant libe,,-ation of
cassiterite occurring above 400 microns." Good ,,-ecoveries of
cassiterite can be made by conventional g,,-avity separation
methods alone without recourse to mo,,-e sophisticated recove,,-y
methods such as cassiterite flotation.

The presence of metal sulphides in the ore necessitates the use
of sulphide flotation to ,,-emove them from the final cassiterite
concentrate. This is achieved in the p,,-esent circuit by a
single sulphide float cell into which is fed the table
concentrate.

The fact that the
generally occur
cassiterite/sulphide
produces very fe..
Consequently, losses
should be low.

cassiterite and metal sulphide phases
separately, i.e. there are few

intergrowths, means that liberation
composite cassiterite/sulphide grains.

of cassiterite during sulphide flotation
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The mill ci..-cuit is not the same as the ci..-cuit installed in
1988/89. Seve..-al signi-ficant changes have been made e.g. the
installation o-f a ball mill and e~t..-a Wi I-fley tables and the
omission o-f the d..-y elect..-ostatic and magnetic p..-ocesses. No
metallu..-gical mass balance was unde..-taken on this new ci..-cuit
p..-io..- to the ope..-ation being placed on ca..-e and maintenance.

5 THE ORE LENSES

Spect..-um Resou..-ces' unde..-g..-ound mine was developed in what weye
thought to be two -flat lying g..-eisen lenses: an uppe..- lens
known as A Lens, and a lowe..- B Lens. A Lens cove..-s an a..-ea o-f
app..-o~imately 40 000 squa..-e met..-es and is up to 20 met..-es in
ve..-tical thickness. B Lens lies at a lowe..- level to the south
o-f, and pa..-tly beneath, A Lens. B Lens cove..-s an a..-ea o-f
app..-o~imately 10 000 squa..-e met..-es and is up to 15 met..-es in
ve..-tical thickness. Views about the disposition and attitude
o-f the o..-e lenses have changed as mining has p..-oceeded.

In an inte..-nal ..-epo..-t in 1991 McKeown w..-ote:

"When the o..-iginal mine plan was developed it
was thought that both A Lens and B Lens we"-e
..-elatively -flat, but uni-fo..-mly dipping, tabula..­
lenses. This was shown on the c..-oss sections
available at the time. Since then, unde..-g..-ound
e~posu..-es, -fu..-the..- diamond d..-i II ing, st..-uctu..-a
contou..-ing o-f the available data and ..-e-fe..-ance
to old ..-eports have ..-evealed that:

the A Lens and B Lens -footwalls st..-ike
obliquely to the ..-oom and pilla..- layout;

the orebodies p..-obably consist o-f anti-fo..-m
and syn-fo..-m st..-uctu..-es developed pa..-allel to
the st..-ika i.a. tha o..-abody is undulose;

- the ha ng i ngwa II o-f A
cut and is ma..-ked by
lI s tockschei der") ;

Lens tends to be
a pegmati te zone

clea..­
(the

- the
but is
joints;

-footwa II o-f A Lens tends
p..-obably cont..-olled by

to be
-flatly

di-f-fuse
dipping

the -footwall and hangi ngwall o-F B Lens a"-e
both di-f-fuse;

the la..-ge thickness
BT42 is p..-obably pa..-t
pipe." (McKeown, 1991a)

o-F
o-f

o..-e inta..-sected in
a steeply dipping

Not all o-f these a..-e completely new ideas. In 1928, Reid and
Handa..-son pointad out tha undulose natu..-e o-f the Ancho..- g..-aisan
zones: sea Figu..-e 5. Othe..-s, -fa..- eKample Lindsay Newnham
(pa..-s. comm.), have notad the eKistence o-F ..-oot zones beneath
tha -Flat lying g..-eisens.
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Figure 5. Isometric view o~ the "~olded" nature o~ the granite
intrusions at the Anchor Mine (Reid and Henderson,
1928) •

This ore reserve estimate takes this newer interpretation of
the geological structure into account. The interpretation used
is shown on the 1 :250 scale plans and sections kept in the
Anchor Mine o~~ice. Several drawings are included to
illustrate key points o~ the interpretation.

- the general shape o~ A Lens can be seen in the cross section
along 5040E: see Figure 6.

- the location o~ the postulated pipe can be seen on the cross
section along T drive: Figure 7. The interpretation of the
drill holes on which the pipe is based is shown in an isometric
view: Figure 8.
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Figure 6. Cross section thrOIJgh A Lens along 5040E
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- the position of the underg .... ound wo .... kings .... elative to A Lens
can be seen in the c ....oss sections along 5040E and along T d.... ive
and R d .... ive: Figu....es 5,8 an 9.

NOTE: Each development heading is identified by an alphanume .... ic
code. The codes a .... e based on a squa .... e g .... id. The convention is
shown on Plan 1. The mining sequence is such that initial
development is along d.... ives with lette .... allocations e.g. F
d.... ive and V d .... ive. C.... osscutting, which fo .... ms the pilla .... s, is
identified by numbe .... s e.g. 36 d.... ive and 42 d.... ive. Using this
system, all 5m X 5m o .... e blocks can be identified by a
combination e.g. V36 and F54.
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6 MINING

Mining has been by ...oom and pi lla.... Rooms and pi lla s a"'e
planned to be 5m X 5m on a squa ... e g ... i d: see e. g. Figu e 13.
Without pi 1 1a ecove ... y, this leaves 25% o-f the o ... e in the
g ...ound as pilla s. The method has p ... oved wo ... kable and sa-fe to
date. The mining method was outlined by Mike Bake ... in The
Ancho ... Mine P ... oject Feasibility Repo ... t (1988a) as -follows:

The ...elatively -flatly lying or-e body, and
ease o-f access -f ... om the old open pit a ... ea
indicates that a highly mechanised stoping
system with ve ... y limited development is
applicable.

"The method selected is ... oom and pillar- with
-fill which becomes the post pilla... mining
system. The method is ve ... y -flexible and ba ...... en
0 ... low g ... ade a"'eas can be le-ft in situ. The
method has been used success-fully in othe ...
Tasmanian mines notably Renison and Dolphin
Mine at King Island. The method involves a
"'oom and pilla ... -f 100'" plan with an unde ... cut
being made on the -footwall. Fill is then
i nt ... oduced, and -fo ... ms the -floo... -fo... the next
stoping level. A -fu the ... stoping cut is made
in the r-oo-f, o"'e ext acted, and anothe... level
o-f -fill int ... oduced. This is continued until
the hangingwall is ... eached."

The o ... e ... ese"'ve tonnage calculations -fo ... this assessment have
assumed the continuation o-f this mining method.

The o ... iginal unde ... g ... ound wo ... kings we ... e developed in B Lens at a
back RL o-f about 260m. An examination o-f the B Lens wo ... kings
(McKeown, 1991b) ... evealed that the B Lens wo ... kings ar-e, -fo ... the
most pa ... t, at 0... nea... the base o-f 8 Lens. The B Lens g ... e i sen
which is exposed, is patchy in its development and g ... ade
dist ... ibution. This patchiness may be a -function o-f the level
at which the g ...eisen has been exposed i.e. close to the
-footwa 11. F i gu ... e 10 shows the places in the 8 Lens wo ... k i ngs
whe ... e g ... eisen 0'" g ... eisenised g ... anite is visible and also the
-footwall contou... s o-f the 8 Lens mine ... alisation, based on
diamond d ... ill hole inte ... sections.

The o ... iginal plan was to mine 8 Lens completely be-fo ... e moving
to A Lens. The B Lens wo ... kings would have been -filled and then
mining o-f A Lens would take place. To mine A Lens -fi st would
have placed the mining o-f B Lens in jeopa ... dy: the pa ts o-f A
Lens wo ... kings which would lie above B Lens would have the
potential to induce unsa-fe back conditions in B Lens. However,
the g ... ade o-f ore -f ... om 8 Lens was not pro-fitable and mining
moved to A Lens.

Mining in A Lens proceeded in the lower workings close to the A
Lens -footwall. This was the p ... ocedure o ... iginally proposed by
Mike Bake ... (1988a) and would have ... esulted in the maximum ore
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ext~action possible using ~oom and pilla~ mining. Empldcement
of' f'ill into the wo~kings WdS to take place be-fo~e a stoping
cut was made in the backs. Unf'o~tunately, the grade of' ore was
again not p~oving p~of'itable. The g~ade of' o~e f'~om the lowe~

wo~kings was being diluted by the mining o-f g~eisenised g~anite

beneath the f'ootwall o-f A Lens: see, f'o~ example, Figu~e 6.

When mini ng of' A Lens in the uppe~ wo~k i ngs commenced the
wo~kings we~e totally within A Lens and mine head g~ade dnd tin
output imp~oved. As mining p~oceeded up-dip, some d~ives again
pdssed th~ough the f'ootwdll of' A Lens into lowe~ g~ade

g~eisenised g~anite, and head g~ade -fell.

A sho~t diamond d~illing p~og~amme dnd geologicdl eXdmination
of' the wo~kings we~e unde~taken in ea~ly 1991. As a ~esult,

changes we~e made to the location and p~io~ities of' development
headings. With ~oom and pilla~ mining, the~e is no scope to
va~y the plan positions of' the development. The ve~tical

location of' the development can be va~ied, and as is explained
above, this is a c~itical f'acto~ in maintaining acceptable tin
g~ades.

Two impo~tant changes we~e made to enable a satisTacto~y head
g~ade to be achieved. Fi~stly, the backs of' the d~ives which
we~e low ~elative to the ore f'ootwall we~e st~ipped and the
g~adient OT the d~ives was inc~eased to conTo~m with the
Tootwa 11. The d~ i ves i nvol ved we~e those on the west side of'
the wo~kings i.e. H, J and K d~ives.

Secondly, mining p~io~ity was given to the development on the
east side of' the mine whe~e it was becoming obvious that tin
g~ades we~e highe~.

7 RESOURCE ESTIMATES

The method used f'o~ estimating the ~ese~ves and ~esou~ces is
desc~ibed in this section. The ~eliability of' these estimates
depends on the va~iability of' tin g~ades and the data on which
the calculations a~e based. A b~ieT discussion of' the tin
g~ade dist~ibution is included and the c~ite~ia on which the
estimates a~e based a~e summa~ised.

Fo~ this ~epo~t, a new estimate of' the tonnage
Lens was made. The B Lens tonnage and g~ade

Lindsay Newnham's 1989 ore rese~ve estimate.

7.1 TIN GRADE DISTRIBUTION

and g~ade in A
is taken f'~om

Results of' diamond d~illing suggested that the dist~ibution of'
tin g~ades th~ough the o~ebodies was e~~atic: see, f'o~ example,
Figu~e 11 which is taken f'~om Ross (1983). Howeve~, a down
hole va~iog~am based on assays in BT52 ~eveals that the~e is
some st~uctu~e to the dist~ibution OT tin g~ades: see Figu~e

12. BT52 was d~illed sub-ho~i2ontally at a bea~ing of'
app~oximately 065 deg~ees AMG in an attempt to test the
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mineralisation
passed beneath
8.

intersected in vertical hole BT42.
A Lens where it has now been mined:

The hole
see Figure

The implication ~rom the variogram is that, along this bearing
at least, diamond drill holes should be spaced at about 15
metre intervals i~ a good grade estimate is to be made ~or the
orebody. In practice, Spectrum Resources has attempted to
close up the drilling pattern to about 15 metre centres be~ore

mining o~ an area o~ A Lens. This not only gives a better
estimate o~ the grade to be expected but, more importantly, a
more reliable estimate o~ the position o~ the are.

rr============================ BT52 DOWN HOLE UARIOGRAH

2'\.

I

I
.· .. · · ·T ·~· ··l .

I' I I

j

===== (Space) :) Pairs 011 ====== (p) : Print

f----,-----,-----.---,..----,----..., Ih]

T

o.m

HlS

~.~l~

0.01l

0.011
!.'

HOI

I). (IQ~

0

(Q) :) R@turn

Figure 12. Down hole variogram along diamond drill hole BT52.

The lack o~ in~ormation regarding grade continuity should not
a~~ect the global grade estimate ~or the resource. The method
used here ~or the estimation o~ the grade o~ ore reserve blocks
has been used in the past at many mines e.g. Renison Ltd and
Mt Lyell, and ~or previous resource estimates at the Anchor
Mine. The method is explained in the next section o~ the
report.
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Du.-ing mining
blastholes.
discussion o-f

it was the p.-actice to take a sludge sample f.-om
The .-esults o-f the sludge sample assays and a
the .-esults is included in Appendix 4.

7.2 THE RESOURCE ESTIMATION METHOD

This .-eSOL-wce estimate was calculated using the p.-inciples of
the isoline method. This method was used fo.- p.-evious
est i mates by L. A. Newnham (1989). McKeown (1991 c) desc.- i bed
the basic steps in the isoline method as:

blocks (at
20 m),
fo.- each
thickness

each block by
the density of

fo.­
by

" plotting a plan showing the mid-points of
all the diamond d.-i 11 hole inte.-sections
annotated with the ve.-tical thickness and g.-ade
o~ each inte~section,

contou.-ing the thickness and the g.-ade of
diamond d.-ill hole inte.-sections,

dividing the plan into .-egula.­
the Ancho.- mine the blocks a.-e 20 m X

assigning a g.-ade and thickness
block based on the g.-ade and
contour-5,

calculating the tonnage
multiplying the block a.-ea
the o.-e •.. ,

- calculating the ove.-all g.-ade fo.- an o.-ebody
by weighting the individual block g.-ades by
block tonnage."

The calculations he.-e we.-e compl icated by the p"..'!sence of the
mine openings. The g.-ade fo.- each block was estimated as
desc.-ibed above. The ve.-tical thickness fo.- each block was
not. It was necessa.-y to estimate up to fou.- ve.-tical
thicknesses fo.- each block:

- the thickness of the o.-ebody itself, not including the o.-e in
the pipe: see Figu.-e 7.

- the thickness of o.-e .-emaining above mine development,

the thickness o-f o.-e .-emaining below mine development, and

the thickness of o.-e .-emaining between uppe.- and lowe.- A Lens
mine development.

Each thickness was calculated by ave.-aging thicknesses measu.-ed
of-f the 1:250 c.-oss sections d.-awn along the mid-lines of the
mine d.-ives. Fo.- each block, thicknesses we.-e measu.-ed on the
c.-oss section in question and the c.-oss sections adjacent to
each side, and the th.-ee measu.-ements we.-e ave.-aged. The
thicknesses a.-e shown on the calculation sheets in Appendix 1.

The .-esou.-ce estimate has been classified in the fi.-st instance
into seven pa.-ts based on this p.-ocedu.-e:
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- ~esou~ce tonnage: o~e beyond the e~tent o~ the mine wo~kings;

- e~isting pilla~ tonnage: o~e within e~isting pilla~ outlines,
~~om the ~ootwall o~ the o~e to the hangingwall;

- planned pilla~ tonnage: o~e

outlines, ~~om the ~ootwall

based on the p~esent ~oom and

which lies within planned pilla~

o~ the o~e to the hang i ngwa 11,
pilla~ mining method;

- ~emnant tonnage: o~e which lies between e~isting o~ planned
pilla~s, ~~om the ~ootwall o~ the o~e to the hangingwall;

- tonnage above development openings: o~e between the backs o~

d~ives and c~osscuts and the hangingwall;

- tonnage below development openings: o~e between the ~loo~ o~

d~ives and c~osscuts and the ~ootwall;

- tonnage between development openings: o~e between the ~loo~

o~ the uppe~ wo~kings and the backs o~ the lowe~ wo~kings.

In addition to the estimate ~o~ the ~latly dipping, gene~ally

tabula~ pa~t o~ A Lens, an estimate o~ the ~esou~ce based on
the pipe has also been made. Figu~e 7 illust~ates the lowe~

limit o~ the A Lens tabula~ estimates; this is the uppe~ limit
o~ the A Lens pipe estimate.

Fo~ the estimate o~ tonnage in the pipe, the plan a~eas o~ the
pipe ~~om 240m RL to 270m RL we~e measu~ed at 10 met~e

inte~vals and ave~aged. The ave~age a~ea was multiplied by the
depth o~ the pipe and the speci~ic g~avity o~ the o~e to a~~ive

at a tonnage. Insu~~icient data e~ists ~o~ a g~ade estimate to
be made ~o~ the mine~alisation in the pipe.

,/

/

Figu~e 13.

o

Sketch plan showing the classi~ications used ~o~

this o~e ~esou~ce statement
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7.3 THE RESOURCE ASSESSMENT CRITERIA

Data denslty: in a plan view o-f the or-ezones, diamond dr-ill
holes occur- at centr-es about 15 to 20 metr-es apar-t in the ar-ea
o-f and near- the under-gr-ound wor-kings; ahead o-f the wor-kings the
hole spacing is about 50 metr-es.

Accur-acy o-f location o-f samples: all dr-i 11 hole col1ar-s ar-e
located by sur-vey in AMG coor-dinates; all holes -fr-om BT40
onwar-ds have been sur-veyed by down hole camer-a to deter-mine
dr-ill hole deviation.

Accur-acy o-f location o-f mine wor-kings: the mine wr-okings wer-e
sur-veyed on a r-egular- basis dur-ing the oper-ation o-f the mine.
Un-for-tunately, a completely up to date sur-vey o-f the mi ne is
not available. The last sur-vey o-f the mine was plotted on the
5th Nobember- 1991, 6 weeks be-for-e oper-ations wer-e suspended
(McGr-egor-, 1991). The unsur-veyed wor-kings wer-e sketched onto
the sections. An accur-ate sur-vey o-f the wor-kings may r-esult in
slight changes to the allocation o-f tonnage above and below the
existing wor-kings.

Dr-illing technique: all holes used -for- the r-esour-ce assessment
wer-e diamond dr-ill holes: holes up to, and including, BT39 wer-e
dr-illed AXT size; holes -fr-om BT40 to BT180 wer-e mostly dr-illed
BQ size; holes -fr-om BT181 on wer-e dr-illed NQ size.

Sampling
BT39 is
the cor-e

technique: the sampl ing technique
not known; holes BT40 onwar-ds wer-e
in hal-f lengthways.

-for- holes
sampled by

BTl to
sawing

Cor-e r-ecover-y: cor-e r-ecover-y in -fr-esh r-ock has nor-mally been in
excess o-f 95%, with 100% r-ecover-ies gener-ally being achieved in
-fr-esh r-ock in all holes -fr-om BT182 onwar-ds. Ther-e is
occasionally some cor-e loss in the por-phyr-y zone at the contact
between the Poimena Adamellite and the Lottah Gr-anite due to
the occasionally clayey natur-e o-f the r-ock. However-, this zone
is nar-r-ow and any contr-ibution to er-r-or-s in gr-ade estimation
should, consequently, be small. The cor-e loss in the por-phyr-y
zone is one indication that ther-e is the potential -for- bad
gr-ound in par-ts o-f the mine: see Section 7.4 below.

Tonnage -factor-so the tonnage -factor- used -for- -fr-esh or-e is 2.65
tonnes per- cubic metr-e and -for- weather-ed or-e 2.50 tonnes per­
cubic metr-e; these ar-e the densities used -for- assessments in
1988 (Baker-, 1988b) and 1989 (Newnham, 1989).

Quality o-f assay data: most o-f the assays wer-e car-r-ied out by
Renison Limited in their- labor-ator-ies at Renison Bell with the
balance being under-taken at the Tasmanian Gover-nment Mines
Depar-tment labor-ator-ies.

Quality o-f data descr-iption: cor-e has been logged
Limited and Renison Limited geologists and, dur-ing
oper-ations by Lindsay Newnham and Mick McKeown.
been logged in detail.

by Aber--foyle
the Spectr-um
All cor-e has
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Geological interpretation: the geological interpretation has
been described in sections 2,3 and 5 above.

Estimation technique: an isoline estimation technique has been
used and is described in section 7.2 above.

Cut-o~~ grades: strictly speaking a cut-o~~ grade was not used;
geological boundaries were identi~ied in each drill hole based
on the geological descriptions of the drill core, the assays of
the drill core and comparisons with the underground exposures.

7.4 COMMENTS ON THE RESOURCE ESTIMATION

The isoline method gives a good estimate o~ the tonnage and
grade o~ the g loba lore resource. It shoul d not be used to
select ore ~or mining based on a cut-oFf grade. The grade
contours shown on the ore reserve plans are not a guide to the
location o~ ore at any particular grade.

The ore reserve estimate is based
room and pillar. The ore reserve
using a di~~erent mining method
existing method.

on continuation o~ mining by
estimate can be increased by
or by modi~ications to the

A small amount of ore can be mined by opencut methods. This
ore occurs immediately to the north o~ the mi 11 site. The
hang i ngwa 11 o~ the ore has been e><posed and samp led. The ore
blocks which re~er to this ore are highlighted in Appendi>< 1.

In general, in both A and 8 Lens workings, ground conditions
have been such that little arti~icial support o~ the rock mass
has been necessary so ~ar. Ground conditions in the A Lens
workings have never been bad enough to preclude mining although
there are some speci~ic, but restricted, areas where back
conditions required some remedial action. The bad ground which
is exposed in the mine occurs as a result o~:

- weathering, where the mine is close to the sur~ace;

~aulting associated with water, e.g. in F Drive and in the
lower A Lens workings: small rock ~alls ~rom clay zones along
~aults have been occurred and bolts, mesh and W strap have
been installed;

the occurrence o~ clay in the stockscheider (zone o~

porphyry) on the hangingwall o~ A Lens. Care needs to be
exercised wherever the hangingwall is close to the backs o~

the mine. Special precautions will be required where water
is present in the stockscheider.

No allowance has been made ~or ore which may not be mined due
to poor ground conditions.
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7.5 TONNAGES AND GRADES

The tonnages and g~ades TO~ A lens have been calculated anew
TO~ this ~epo~t. The tonnage and g~ade TO~ B Lens has been
taken T~om Lindsay Newnham's ~epo~t OT 25th August 1989.

TABLE 4

ANCHOR MINE ORE RESERVES, ORE RESOURCES
AND OTHER ORE OCCURENCES

AT 30 APRIL 1993

tonnes %Sn
ORE RESERVES

A LENS ORE RESERVE

PROVED ~emnants 7 000 0.48
PROVED between wo~kings 4 000 0.62
PROBABLE above wo~kings 67 000 0.51
PR08ABLE below wo~kings 35 000 0.51

TOTAL ORE RESERVES 113 000 0.51

DRS RESOURCES

A LENS ORE RESOURCE

INDICATED beyond mine wo~kings u'gr-ound 162 000 0.46
MEASURED beyond mine wo~kings opencut 17 000 0.54

B LENS ORE RESOURCE

INDICATED beyond mi ne wo~k i ngs - u'g~ound 76 000 0.44

TOTAL ORE RESOURCES 255 000 0.46

OTHER ORE

A LENS OTHER ORE
existing pilla~s

planned pilla~s

TOTAL OTHER OR~E __

OTHER MINERALISATION

5B 000
6 000

64 000

0.57
0.45

0.56

A LENS OTHER MINERALISATION
A Lens pipe 85 000 not

known
---------------------------------------------------------------
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APPENDIX 1

SPREADSHEETS OF TONNAGES AND GRADES

These sp~eadsheets ~e~e~ to A Lens only. See Appendix 5 ~o~ 8
Lens estimates.

Each 20m X 20m o~e block is identified by ~e~e~ence to the
5m X 5m o~e block at its cent~e: see section 5 ~o~ an

explanation o~ this nomenclatu~e.

The blocks which may be mineable by opencut a~e identi~ied by
an aste~isk.



146029

1
,...,.,....

.- ..; -,

49~3:2

42·~~O

; 7'·~'~

....~•.~~ ...1

o
I)

(~

1855
6705

143t
31iJO

.:; t:3

5300

4000
30i)0

33-75

.....,.,.-:-' ;

."_ "c ..•:_'_.!

1 ::? ~jc)

::'000
'20C<:)

:::t ~~O
19[.1('3
~~~5·1- 4
"25~l·'l

'31 t:50
4770
5830
6360
"2:385
1749
1749
~1·2i!·O

6758
7208

'1 "",,!",~........".'

'-,"",-...;;.,_:-'j

330
')

~)O

.,-,,-.

2:20

250

tl)O
200
200
~jOt)

300
320

400
·400
400

300

J80
400

250
3:20
:-::::0

280
400
·q.OO

·{fOO
'::00

::::-:ESOUrt~CE

[1 Q n

5"0

i I:~

CJ ~ .•.!

I "=c! " .....)

,:..:.0

4,,7

7 .. 0

-:" ......
.:.,,".j

~::" 0

':"".' ;~;...;_." ','

C' .:­
... J 8 '••_'

Ii .-,
"r, "

..... ..-,
"'" '.J

II ..-.
-.~ ~ .,....

4 .. ~~

/i· .. ,)

4,,5

.........
~, " ..

3aO

7~O
~ ~
-,,, ,j

6"0

• [0'"

.~ n '._'

:~:" 0
5.0

6.0

10,,0
9.0

:l0.0

11 ~ 0

- ,
_ . 1.

i);, 1.

O~5

0.6
003
0" !).

, ,,~.

, .!

0.4·

0,,'6
O~6

0.4
o u ~.:;.

0.4

0.4
Oa7
OuCJ
(). G

0.3

0,,'::

0 .. 6
0.9
0.8
0.6
On"'''
0.4

n.,I:=.;

0.4
0.4

/\: 1./ '" 7.-
'I'

A 11...1 i .•. _._'
/' , I "." ,;:. 2;'-l"~' ,
, ....

* ~::(Ir o
', ..

., ~
'*

,:j"' ,.. '.

r;l ;: ~

A 7 ~.58r-" <

{;
.,.

5"-'1·".
c' ., 5'''''....,
n " lj,h.'.

(-l 7 .:1- -._.
D /:.6
n .-
"•.r" <" .,.
D 5E~

D ~}.q.

D :,~O

Ii 4 ,
0

n q, .,.,
I ..... .....
D 38
D ","t'

D "::::0
D , b

D -'"":':..-,..•.•..
;._j -"H b ..~-
1--1

",~ ••"1
~..'o

H 5L~

H SO
H /!. ,-
, , 'l """)

1-1
...,.,-,
.- ,""

i··1 7 .,l

H ~! .'
\...\ -- f.,

H .,;~ ..:~

i... 54
L.. 50
L.. 4':)
,

"
.,.,

L_ "

L " ,-)

, -.~ 4'_. "M"

L.. 30
l_ ,:~Cl

I
>-, '54
~, 5!-),-
~, 46,_.

F' ., .. ::c,

I
I
I
I
I
I
I
J
I
1
J
I
]

I
I
I
I
I
I
I



····'1···,.

\c'..
";

1

146030

("',

(\

1590

o
o
o
o

1060
·-1-770
4167

'-, r-, I .-,
.;::.':';0.';:'

5:194
6"784

1-3118
.·l770

178215

25Ci

::25

130
:t40
160
300
':"200
200

·185

LO 0
6 .. 5

3.0

3~O

1()" :5
9.0

11 <)

10 5

DaO
8'~ 0
8.5

10q(l

1 ..',... (I

16~O

16 .. ~5

9.0

,., r::-
'..! .. ,...J

o u '::

Ow3
0" =:
O~7

o ..:'
o 4

(J .. 6
n a 6
0.,6
0 .. 7

0.4

0,,9
0 .. 5

o.s

0 .. 7
Gn ~1­

0 .. 5

0 .. 5

0,,47

54

.-".,
...:...:~

38
34

26
54
50
46
42
38
.34
30
26
22

38
~54

30

~,
T

x
X

x
X
X
X
X

X

T

T

T
-,

F'
F'
F'
F'
F'
T

I
I
I
I
I
I

~
I

­
I
I
~
I
I
I
I
I
I
I
I



I
1146031

i c':1,. -._".'

.! ~"H:'"

i- -.. :' ,_)

.-.; 1=
''::'':::''''-'to

20

=1'"

:20

10

0 ,= ,"). ,
~ L

, , 'I ~ 0c .,- ·
-~.

.... ~, 4< 0".

~:() ) , 5 .> :3
'" , ,., ~ " ,, ,
c. " .. · .. ,
_.r"'

! I ..> .,:;. r)
"

58 , ,

"' 1 ~

.. " ·-'
54 (:' ~:i 3 , (\

U 0 I:::' 0__ .J , .. ".! ·
"

L ,, 1 -. 0\ .... "
'1:;:: ;) ~ ;)

" ~ ,. ".. , 0 ~
~ 0~'U .. "

62 ," 4 3 · 0..'
1:-::0 () 4 ":::- (1,." .._' ,

::;4 (
, , is 4 r.:~, d

50 C ~ 5 ~, -. ,

!.~ 6 i) 3 ,S (:

.,1-'2 C .. :. 3 "
(

,
,

38 .- .-, -, ,, ;
~ ~ ..-~. ,:) b ~ (1

, , ••.:0 ,

"30 0 8 ~ ,", "...' ,
" h Co :::J 8 ~,. · "

...::.~ ," [, " 5, ~ "
:liS (I c' :' f.•. I

t- .~ ,, ~ 3 0
"

, ·
58 C - ;).. .. ~..

54 0 · 4 .':'.-u 0
~ ") ,-' 4· 4 7,

,; , ·
/1-6 I) 4 ~ <), "
!f .--, u 5 " ~

.. , ',' ,
·,~o ,, :: 7 I.)-' · ·.-,

~. 0 6 9 ~· , .... /

"30 (I ·9 6 ·0
'~~b ," .. 8 8 , '.",..,..,

(} 6 9 0......... · "
:; 'I t.

,

J 4 6 ~

"
, -

50 () 4
,

'.')· 0

46 0 4 ~ ,, ,
"

. ,
, 2 (l 7 b >:--

~.\.

"

3F.1 U
, -, ,.l, D

34 .. ) B 8 f.'
30 () \3 8 " ,

" '-.
'26 0 · 6 10 -(l
.--; =-i (J

~ '7 0" •. ..

54 0 '>
, i u.. ., ·

:=j(l 0 " 4 i ,,·,)

46 ;) ~ 9 <)
"

_I

-'1-'7: (\ 7 7 ~

" · .~

,
L

L.
I
I. .••

L.

t ..

F'

F'

F'

~.. i

,
)...

H
\-,,1

H
L.

i~·\ \} 1<

A-'
,.,~

{."";;\} *'
P:Z'?:
Azr
;.\Zi:

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



~.

146032

r:;:-~-,.

.';·_1;

1O:~::4.

".,1:';:'

10

,-',1::"
,:~ -..J

60
6 ()
6.5

10,,0
6.0

t7 0
2:1. 0

"7 ,
.~, ~ '.. '

10.5
9,,0

:U 0
lO"S
8.5
8 <)
:3,,0
8. ~)

1 r) ~ r)

14 <)

19.5
9.0
3.0

(\,,5

j ·il·
O~4

(j ~ _:'

G.6

o ~7

("'. -4
On !5

O~5

0.7

0.5

(1 c:;
O~6

O~6

<) 7

( • 48

38
34

54
50

26
30

42
~,8

34
·30
26
54
50
46
42
38
3L'~

30
26

x
x
x
x

T

T
T
T
X
X
X

F'

T
T

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



J•• '_._
'_'..,,'·'i';i ."""

146033

"', 0.· ,:::' ,.,
· " '••.J .. ·
(": ., -'l 'j , 0
:.', 4 " n"

·,-t

(\ 5 'T r:-.:'
.,.f

0"
.,

4 0,
",, ,~) .it
"

()

0 /r. 1 C:~

" ·-'
n '=) ..~, , 0
0 1 5 "

(I

0 1 .'-, (1, ..:.:. ,
I) :~2

~ (-1.~.

(J .~ ~
.,.. ·

I) , 4 ::. , 0
0 " :::. (")-,

"
0 " b 4 " 5
::- ~ 5 =

" ,-' "
~,

I)
"

-:-:; 6 " ()
O'~"'3 :3 "

n
"

(}:;.
.-, 0.:~ ,

0 6 "':'!' .-.
- " u

O'-~<8. 5~ I)

0- 6 3d =, -'
0 , 6 :3 " 5
(",

~; (),.,- " .',-" "
0 ~ "7 0.' . "

,

, " , (;..

<) " 2 0, 't ,
" ,,4 4 7-' ,

0 4 = 0" d ,

0 = ~ =, ~, .~ , ,,'
(1 -:r -, <). -' , ,
() , 6 9 , 5
0 , 9 6 ·0,·,.8 8 0,,- "

0 , 6 9 , 0
(:1 4 6 =. " -'
O. ..::~ 6 " <",
(I , 4 "-:; , 0
('; 7 '- 1::"

'-I " ,,)

,.
tJ "7 [)

C ,~, 8 0,~ ,

I) ~ ,3 0C\ ,
· ,

t )u 0 '-. ,)

:) ~T. 7 (I

I) ,~ 1 " {)
" .. "

0"
, 10 ,)..··t

0 r.:.- " (), '.' , ·
(1 7 7 =

" " -,

'-,IL
':_'.J-

3U

54
50

~ .. .:..
--,.,

,......-,
~:...::.

38
:,4

54
50
46

26

.-. ......

58
54
50

22

46
·~"j.2

66

26

58
54

42

50

54

L

1
I...

AZt
~) 7. i
{:II

i._
L.
L.
L

L.

;"-1
:.-\

H
H, ,
n

H
H
II
H

(-~v*

!~~\,;*

Pl\/*

L
I

F'
F'
F'

'I~ ,
·,.';;)i,' ..

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



146034

3816

-::::00
.SO

::-' :38 '-," 9 h "
,.'

3 L1- ,) ~ 6
;::..'-' .. '-'

r:' ~, - 6 1() 0" .' U "
P ,-\ 6 ,.. 5 C..,~ -' '~J

r' -, '-;-. 0) -4
,.;, .';..

54 :) 4 t
..
), • .. '-

T r.:J(J 'I -, 1 [..'_.. ..
-,- ,'1 to ,.., ~ 5 ,:

.. , ... .. .,
.'1 .-,

~~)
C' 1.( '"..,

.,~. _.J "'
"3:; G --, 9 Cl

'~::4 0 .. : L I)' J -
" :."J U

:30 ,..,. 7 :[ I.) r5 " ,,
- . .. ·t ..

" f .. ;) 4 .-, ~
,:;) --

v ;::)4 O·~ 5 8 0" ..
50 O:M '5 8 " 0
'~.{.. 0 <1- S :'.1

42 ,.., .,.. .,
'() C,- "

''''0 [..) L " <1- l)'.,"-, " " ..-, O. l) 1. 6 ( ,~·t "
30 O~ to 1 .. !~

.~ .. -'
2:6 0 .. 7 7' "

,-,-
...~ -, 0 ::; ()

" - "

", ,~ -~,

'. .. U ..:.

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

­
I
I
I
I
I

',i:

-
-



I
I
I
I
I
I
I
t
I
I
I,
I
I
I
I
I,
,
-

{:IB01V1E r\r. • \)E~lL'''. I.

th :L L ~; ll:~SS

'%,S n in m ~=., q Lid y' (,-:!, 111 t: I..... nnE: S-

IC; r..,) :* 71"1 o. ~ 5 0-"-. ~

PI ~./ * ::6 (k 4 /I · U
(.:')\} :I

.-,..,
t) 4 4. ,"

..:....'.,:.... ..
AZ* .30 I) '" 4· ""· '"~

,I' _,.J

AZ :I
., ,.s ,),; 7 4 ,:>

A7 -~
,.-, 0

, lj. n,:..,;.. "
(::> ..

AZ 58 , 4 < 5" ·'I", '5.'t U <r
".;, ()·," ·

A ~5i.) 0 1 ~ 0· -' ·n 4·{::Jo I) • ,
0· L ';.'"

A .~.
., ,. .2 (0
~ -' ..

66 On ..;. ~ i",'M" ", , () 4 ~ 0~:Jo4 · ...... ·
::i8 0 /I ":'"

I ..
,., -".-"

~!4 0 · 6 4 .- S
50 O. ~ <: ""--.I · .._'

46 0 3 L U· ~

" -, () ~ ~ C·-"!" ,.:.. ...:.. ..... ~

38 O. 2 2~ t) '-:0;
"

1, 70 557-
.::,.,+ <) 6 :3 ,~.

., ~ 180 • 193· "' · "-' •
"3(", I) 8 ~' 0 " [) 80 848, ,J · ....~

26 0 ,h 8. ~ i .. '.) 1. f)O 1·5'70" J '.'.'

" 0 6 8 ~ 7 ':::1", 1484..~...::. · ·.-, '.:.J'j

b6 (-:. ~ ~ 0..... ~ .j ·
62 0 3 ~~ 1)· ·
58 () 3 2 1" )..
54 (, 4

,
<).' n ~ ·

H '50 0 ·4 4 · 7
H ·'l6 0 4 "" 0 :1. n }(.., "' "

,
· J · , ··T..:....

H fl.2 ( :> "" 3 "" ·.~I

,
L\( , 1 72.3· J · ,J " ~: ,.

H ~::: E3 o. " 7. <) 1 (\ "?9!5 7:3:'~~'0'

H 34 0 6 9 5 '::-. ~ '. ':-;::054· , ,.
H 30 (~) d 9 6. e) 4 1, , ~":"~ 18,,·-e

" ., --J 'oJ,.J

26 q. 8 .~ () "2:20.~ ·'":\"" l) 6 9 :-) 4 ,-i -7,", 742.,:.. ,:,. · , · · c' '....
L 5~1- <) 4 h ~ ''.\ ·, -:-!:': , a6· " ,-./ ~, '-':

I 51) 0 4 b () " ,· "
...,. ,. : l "T~

.,
· ., .•;' .. .J "-

L 46 O~ 4 ,~";' ;) - c... .·?F!t) ...,~.;::'
, ..! " ,,~ _e ,. L"i-_J .....!

L 42 (I -, S
;::. -:~. , '-I (':~ ;:::; 'c~:;·(.1·5· · ~.

i 38 0 I .. 7 ,·)
_.

n L0 2465· \~, ..
':,4 I) 8 0 · 7 · ·c· ..··,r:~ 2(~25'._' .. ') .. ,,' ~', .., ' ..~

L. 30 (' 8 ~ ,", '2 e '"':'".

":> Q08"" 0 , , ,
" .. .' .~.. "

!- 26 ::> 6
, ,. .' 0 -,'1' [) 300 3 1DO· , . ·

L ,",,;""-.1 1) <) ,q. ~ ::00 ~~:3~35" "' " .~ ,
"

, ._."

F' 54 " 4 1
,

(-) " ,:> 1-4S :l 5:::::7.' · .. · "T ·
P 50 I) 4

,
;) 0

,
(-) 3074" 'T ..

c' 46 (} 5 9 <) .., 5 1 e 2087, · · · ., .J

F' 4 7 0 7 "" , 5 .1 ~. .t 2:;2· '•..J. ,. · -'

146035



146036

.:::.'~"".'
.i ,':',. "._

'-r .~~- 0:;:'
i ..•· . ...!

[ 1 I::~c... '--."-

·:~,3:::0

314"7

'-.'":"~=
.,;:'_.. :' i:J "._'

66714

1-"'701:::
....,'_ ....1

"c, 1::'-'."-., .... '

:300

:26~:i

:3(~;O

1 ft 0

.,. e =,<) 4(S4'.' " .J ....J\.,

~ I) 65 • 3 :t 2" .' .L

2 , () 220 1 1. 6·~
:2 " <") ,~ .1 I) 1 1 J -::;

'3.0

,.... ...,
7 ~ '_'

0 .. 5

:2 .. 5
! 1:;:­

.I. • '.J

:=- ...,..,-; ,· 9 , 0.:'0 -' c' 0

F' 34 I.) ~ 6 ~

0 ~ 0 ~'

F -::~O ('i h l 0 0..
'~~6 C ~. 6 (r, '._' "

F ,.'
"

,1. 3 , I)

T 54 () 4 ., ~ ,", • ,
T 50 i) '-,\.'1 0c .• ,
·r , l. I' 1 r•.,. e, ··r·...} 0 .~. .-' '.'
T 4·2 1, ~. I

. e.,
" " ,.} '.)" '"

T 38 C " " " "
I)

T 34 .", tJ , • (;,....
" • ,

"

T ~30 ,) "7 10 e
0

, .J

T ~. S 0 4 8 r.
- , 0 .,

X 54 ,·) 5 8 (\
0 0

X ~,.) (; r. G (
.,

0 "_J "

L'~6
· • 4 8 e.. " .J

42 ;") ., (, 0.L .,

38 ,", L 1 4 <)'n- O ", ,

~)4 1·
,
" 6 l oS ,,-t)

30 ,.. 6 1 6 ~.. ' " " .J

26 0 ~ 9. t),
.-,.-, · e 3 0..:.:...::. (,,

" "-.' 0

l )
" 51.

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



146037

lDrS

1252

11 ~5:3

15:37
1,S70

70

1~'f5

290
315
315

'..... 0

2.0
'1 ~ 5

PELLiW

.It 0
:l • :-j

6,,5
t:J ()

e •
_-J" ' .. ,

e ,-
-.J 1_,

~!,,: :

6,,0
-J.O

:,,0
2 0

0,,5

5~O
~ C'
....:' a ..J

6 .. 5

7 5

3.0
3 I)

3,,0

4~5

4 7

4.u

9.0

7 ()
9.5
6.0
8 .. 0

"7 0
8.,0
8 ()

10 n 0
7"n

1 t .. (J

10,,0
9,,0

t.hickilE''::iS

,". !':~
\j" ,-;

,", -.7
_.' I

1·\ ~.

'.' n ';.'

(.... -:~

'-'" "-

o t
()" 1

0.7

0.3

() 2 .l~

;) .4­
0 .. '::"

<) (~J

0.4

0.2
(i'a 6
0.'-8
06
0.6
0 .. 3

o p ")

0.4
o 4
[) 4
0 .. 5
1).3

0.6
0.9
0.8
0.6
0.4
0.4
0.4
0.7

(0 4

(> 3
0" i3
0.6
0" :3
(; 4
O. if

2.6

.~ ;
"::"0

.38

54
50

38
34

50

30

50

30

.38
34
30
26

26

58
54

26
.-, .....
..::..::

42

46

46

30

46
42

54
50

62

p
p
P
F'

;\ 7
'4.l..

r~t,,};'t

\0t~....*
tlZi<

H
H
H
I-i
H
H
L
L
L.
L
L
L
L.
!-
I
I•...

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



146038

-; c-.::.'::"
, '_.",,_i

35172

-::"., ,",
~, J. ' ,

.285

210

~' ~ " .--.r.::- 8 ,-
'-~ " '-' , ,.~.:_l ,I. ...-
S ._,,. c;.n """.c,.:"., ?~ .::.c.'._J ." •. I\..>

~ e 7, )0 4.",T,',.'" '-' ..~, '..
q. 0 ,

0 ..;t'.-;,,-) ,.
.. " :,_,:,.,.-=.. (;:0

"7 ,-) 2':)0 .-,"":" , ,L-;,
0 - .. "

,.' <" '':'" -",., ~ 1D6..:.:. -i .~..''..' .-

1.0

'7.5
12,,0

.~,,, 0
6&5

1.0~O

f:j ftC;

"} ~ (I

t7~O

8,,5
1() c_ ()

14.0
16 u ,0
LS .. 5

C;' R, 0
3,,0

() y 9 ­
(JuS

0,,3 15.,:)
'"),:,5 JO,,5
O~7 '7,,0
l.""l. () J, i " I)

0,,7 J.Ou5

O~5 lJ_O
O~5 8.0

0.4

0.5
o ~ ..:l

0.6

0.4
() y3
0.6
O..,fs
O.~6

O:~'7

(),~,~

I
I

p :'.8
~, 34

I
,'"
i::: ."30
".

~,

,::'CJ

F' -','--,
-. -.-

I 'r- 5·Q
T 50
T 4,"'J

I
T 42
T 'c,-;:...".~

""1"11
.:' '1"

I
T 30
T '26
X ,;:: r1

,.., -r

=;()

I Ll ,<-)

.:.1-2
38

I
";it

30
2·.S
~."":I
.,~ .. ,:..

I
I
I
I
I
l
I
I
I

-I
I



146039

o

·-,7,-\
.:~ "':'''::'

r "":T''''' ;-,
.L -.. :' ,.- '::J

., ~7"""";t'
1.! ..;..,.,,:,

1'355

18:~5

2027

3578
3:31.b

1.~;90

:~\ 120

r'\ ,",
C:'_'

"7Ir.'"

:35

90

100

EX I ST I NC:~

m

4

'1: ~ 0
.-1- '. (~

1. .. 5

7 I

'T ,.,
"-' ..

•••• 1 0

8~5

7,,5

7 ,;\
_..•. " '0.'

'1 J:=7
<-,- ",,'_,i

"3 d f)
.:: (;

..:- 0

, ~

0" -.J

"3 (I

2n(;

5 0

5 .. 0
:2 0
3. ()
-: 0

4 -,..

7.0
9.5
6.0
8.0
9.0

1 (! dO
..../ '-I

1. 1 .. ()
1.0,,0

9nO

;-, 'I::"
-c.' g "_.,

t..' (~

,J (1

1),,'4

O'~ 'h
Ori l;;

Uu '''1

O~5

o ·3

(1 -4

- .~

.. ~ /

o .-:.
O~ ..,..,

0., .~~

(1 4
O~4

r) a 4

0. ~;

o 1
() :1
(~ 2

1) 3

0.6
0.9
').8
o 6
0.4
0.4
0. ll·

0.8

0.6
o "3
(:I R "-l

'cO
.~" ...
/1. '')

50

'".~~a
-,""

...., ~.

':"'-.'

~'!·2

58
54
50
~·6

4'7'
3.8
34

30

54·

-"",,:.

4b

" ,.LO

42

5~l

50
46

.::;4
30

66

5E~

54
50

26

66
62
58
54
50
""..~t,

l

A?

{::~ z:t.
r; 2;;!(

p

F'

L
I..

V,\,I1:
(..~~) ::!(

..::::., /oo.

,
'-

F'

L
i....

h
H
H
l···1

D

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I,
I
I



146040

.1 q,"::; L

159Cl

t·~1-08

:~~~J04

2624
2.1.86
1948

11 ::~6

1325
185~5

1:908

57916

90
·:',0

70

50
45

110

1 (11.:::

F' 3f:l 0 '? --:, "
(j,

r, 34 0 '" 6 5'-' · J ·
30 ,., 6 ,

0
,

· ,. '. .'

:26 0 .' 5 S I)
.-, ....... {I 4 ~

.'
, ,

...:~ '"R" , .' .'

~::: 4 :)
.' 4 ! 7 0

~;() ,) ~ 21 (J
" .. ..

,:l(~J 0
.,.

i ~, 5...

~l
.-, 0 !:=; ( )

~.

.::. .' " -_!

C' 8 <) -::- 9 I
"

{~. .! h , .,
0'. ,. ,.

30 c- '; .l ,., '".' -._1

--;'L n 4 ~ =..:....w " '" <..1

;:::"
~~

,'j '" (] Q"_.! .' ~ ·
50 ..

:5 '-3 ( ,d · ,

4 6 I'j .' 4 88 5
., ~, (; 3 I 'j ,..:T ~;. · .'

38 1) .'
,6 14 · 0

'34 0 · 6 ! b .. u
30 0 .' 6 I 6 ·5
.2,:S 0 7 '7 " )

" "-,."",! o. 5 3 .' 0~ ~

,', 57,~,

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



146041

,-C,"' ,.,
l ... c.'

~~.
...::. ....J

70

PLP,!\\NED
F' I LLPd:;;:

3·,0

~ ~

'..J" '.J

5,,0

i.J. 5

.;'1. a (1

I ~o ....!

3. ()
3 I)

7 0

2 0

6 e
,.J

5~O

2.0
4.7
5.0

-::: .. l)

5.0
2 .. 0
3 .. 0
3 .. 0

7.0
9.5
6.0
8 0

6.0
"3 0
2.0

8 0
B"o)

1() ()

11. I)

10,,0
9.0

'r: h i c: k nsss
in

O. 1
<). 1.

o 5

o 6

'I~ ..:;.

r)" ':;

0.4

0.4
0.4
0.5
0.7

0.6
0.9
0.8
0.6
0.4
0.4
0.4
O~7

(,~ 6
0.8

0.3

0.2

i) 4
0.4
0.4

0 ..::'
O~4

:) 4
0.6
0 .. 3
O. ·c-

0" ~:

0 .. 2
(~~ b
!Hj 0
'.' .. \".I

0-. b
0 .. 6

~ ......
,,)0

/:.:..

···~r··,

'.,.i()

l~-S

.'.-.
';',,::-

'38
34·
._~:()

26

"26

54·

:0:8
54·
'SO
46

50
46
42

:38
34
30

46
42

54·
50

22

42

"\11-.1"
r-iV"I"-

Z
AZ

H

H
H
f·1
L.

'­
L.
1­
L.
L

'­
t..

H

!~'iV*
{~;)*

H
H
H
H

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
,I



146042

729

4::~ 1

62.'21

.-,1::::'

.::... ....,j

..-,~

.c.. ·...,;

:::5

q ,-,

t:[ (j

~:" ,.,
"-" .. '.,'

..s.o

8.0
8 .. 0
8.5

1(j~O

L4:0
16.0
16 .,

9.0

10:5
8w5

1'=~5

10,,5

17~O

6 '"......
10 .. 0

":.1. " ()

~ ) i

O~-4

(1.7

o 5
t)" 4
:)" ~.)

o 5

O~9

0.5
o 6

() 6
o 6
0.7
O~5

I) e. 'l·S

.-,...,
;~ ..::.

:2b

46
1I.-', .c:...

34
30
16

-r. ....,. .-,
, ":""J

T 2.6
X 54

50
4·6
42
3>3

P 38

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



146043
APPENDIX 2

DESCRIPTIVE MODEL OF TIN GREISEN DEPOSITS

-From

United States Geological Survey Bulletin No. 1693: Mineral
Deposit Models, D.P. Cox & D.A. Singer (eds), 1986.
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Model 15c

DESCRIPTIVE HODEL OF sa GREISEN DEPOSITS

By Bruce L. Reed
14bv44

DESCRIPTION Disseminated cassiterite, and cassiterite-bearing veinlets, stockworks, lenses, Pipes,
and breccia 1n grelsenized granite (see fig. 44).

GENERAL REFERENCE $cherba (1970), Taylor (1979), Reed (1982), Tischendorf (1977).

GEOLOGICAL ENVIRONMENT

Rock TYpes Specialized biotite and(or) muscovite leucogranite (S-type) j distinctive accessory
minerals include topaz, fluorite, tourmaline, and beryl. Tin greisens are generally post-magmatic
and associated with late fractionated melt.

Textures Common plutonic rock textures, miarolltic cavities may be commonj generally nonfoliatedj
equigranular textures may be more evolved (Hudson and Arth, 1983); aplltic and porphyritic textures
common.

Age Range May be any agej tin mineralization temporally related to later stages of granitoid
emplacement.

Depositional Environment Mesozonal plutonic to deep volcanic enVironment.

Tectonic Setting(s) Foldbelts of thick sediments ± volcanic rocks deposited on stable cratonic
shield; accreted marginsj granitoids generally postdate major folding.

Associated Deposit Types Quartz-cassiterite SUlfide lodes, quartz-cassiterite t molybdenite
stockworks, late complex tin-silver-sulfide veins.

DEPOSIT DESCRIPTION

Mineralogy General zonal development of cassiterite + molybdenite, cassiterite
+ arsenopyrite + beryl, wolframite + beryl + arsenopyrite + bismuthinite,
minerals + sulphostannates, quartz veins ± fluorite, calcite, pyrite.

+ molybdenite
Cu-Pb-Zn sulfide

Texture/Structure Exceedingly varied, the most common being disseminated cassiterite in massive
greisen, and quartz veinlets and stockworks (in cupolas or in overlying wallrocks)j less common are
pipes, lenses, and tectonic breccia.

Alteration Incipient greiaen (granite): muscovite ± chlorite, tourmaline, and fluorite.
Greisenized granite: quartz-muscovite-topaz-fluorite, ± tourmaline (original texture of granites
retained). Massive greisen: quartz-muscovite-topaz ± fluorite ± tourmaline (typically no original
texture preserved). Tourmaline can be ubiquitous as disseminations, concentrated or diffuse clots,
or late fracture fillings. Greiaen may form in any wallrock environment, typical assemblages
developed in aluminosilicates.

Ore Controls Greisen lodes located 1n or near cupolas and ridges developed on the roof or along
margins of granitoidsj faults and fractures may be important are controls.

Weathering Granite may be "reddened" close to greisen veins. Although massive greisen may not be
economio as lodes, rich plaoer deposits form by weathering and erosion.

Geochemical Signature Cassiterite, topaz, and tourmaline in streams that drain exposed tin-rich
greisens. Specialized granites may have high contents or SiO (>73 percent) and K20 (>4 percent),
and are depleted in CaO. Ti02 , MgO, and total FeD. They are enriched in Sn, F, Rb, ti, Be, W, Mo,
Pb, a, Nb, Cs, U. Th, Hr, Ta, and most REE, and impoverished in Ni, Cu, Cr, Co, V, Sc, Sr, La, and
~.

EXAMPLES
Lost River, USAK
Anchor Mine, AUTS
Erzgebirge, CZCL
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(Dobson, 1982; sainsbury, 1964)
(Groves and Taylor, 1973)
(Janecka and Stemprok, 1967)
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COMMENTS See figs. 45, 46.

DEPOSITS

Name Country ~ Country

Altenberg GRME Coal Creek USAK
Anchor' AUTS E. Kempville CNNS
AC'cher AUTS ijub CZCL
Cinovec CZCL Potosi BRZL
Clsta CZCL Prebuz CZCL

Model 15c--Con.

146045

Metal zoning
in veins:
Ag Pb Zn-,-I

':!!..,~,B.

~,Mo

Prfocursor
gr.al"dtes

400m

Rock ..n.,.ition
Zoninq:

Quartz:+ chlarUe

Mtc,a z tourmalint

P1gpre __ • Cartoon cross section of a Sn grelsen.

Scm

11



APPENDIX 3

SCHEMATIC MILL CIRCUIT AT 24TH OCTOBER 1991
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DEVELOPMENT SLUDGE SAMPLES

Du .. ing mining it ws the p .. actice to take a sludge sample -F ..om
blastholes. The sludge samples we .. e d .. ied, split, pulve.. tsed
and analysed at the mine site using a bench top XRF analyse .
See below -Fo .. a b.. ie-F desc .. iption o-F the bench top analyse .
Multi-di ..ectional va .. iog .. am analysis o-F these samples showed
that along a bea .. ing o-F 015 deg..ees tha ..e was some co ....elation
o-F tin g ..ades: see Figu.. e 1.

..•.. (l~U (~i)
P:·~.' ;( &.I .,

(~1!

j

... '1 ~ ~~;,., .. , 't'~~',"'" f~~~';" -. -..-.

\I. 'J~

1

~
.).l~ 1
u: 1

1

{-
4-1--.------,---,-----;-----.----;-,~ [hI
"

b (Q) :) Return ==== (S~ace) :} Pairs OFF==== (p) : Print

Figu.. e 1. Va .. iog .. am o-F sludge samples

The expe .. imental va.. iog .. am also had a low nugget e-F-Fect: see
Figu..e 1. The low nugget e-F-Fect suggests that the sampl i ng
e ....o .. due to sample cgllection and p ..epa ..ation was low i.e. the
samples we ..e 'good' samples. Howeve.. , at the time the mine
closed the ..eliability o-F sludge sampling as a guide to mine
head g ..ade had not been establ ished and was a topic o-F much
discussion. This is one -Facet o-F the ope ..ation which ..equt ..es
-Futu.. e examination.

Assays o-F the sludge samples a ..e plotted on the schematic mine
plans shown in Figu..es 2 and 3.
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Figu~e2. Sket~h plan o~ tin assays ~~om development sludge
samples ~olle~ted in A Lens lowe~ wo~kings.
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i
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I The MCI Tin Analyser is designed to determine the tcn

content in drill sludge.

of the instrument

of access that the

controlled prima,~ly

at the front of the

The function of the instrument is

by the three position access key

unit, which controls the degree

ope~ator has to the instrument.

are:

itsreceiveswhich

front panel.

of the operation

by a microprocessor

from the keypad on theinstructions

All aspects

controlled

-,
I

J

1
i

.J

1

;i

Tin Determination

tin determination
:j

I.. \fuen used for

the analyser

fluorescence.

operates on the

in 'pulverised samples,

principle of x-ray

..-J

.,

The sample is exposed to gamma rays "from a lOmCi

Ar.1ericium-241 source. Gamma rays from the sou~ce excite

tin K.. x-rays from the sample. In addition, the incident

gamma rays are backsca ttered and detec ted s imul taneous ly

with the tin x-rays. These two types of x-rays are

at different energies and are resolved into two x-ray

cnannels in the analyser. Channel one gives the

count-rate of tin x-rays, and channel two the backscattered

gamma rays which are used for matrix correction .

;,

- 1 -
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Tin Determination (cont)

In operation the pulverised sample is packed into the

sample holders suppLied. The sample holder is placed

on the sample tray and rotated into the x-ray beam.

l ,
j Upon initiation of the

button, x-rays from the

for a preset time period.

analysis, by pressing the RUN

sample are detected and counted
I I)~ - -:..C' <;;.:~-7

1
J

l
I

--'

:...,.,,

\_t
:~

'1
i

J

I

, .

Hhen the count is complete the percentage tin content::

is automatically calculated from a pre-determined

calibration equation, and displayed on a liquid crystal

display as percentage by weight.

- 2 -
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APPENDIX 5

8 LENS ORE RESERVE

-f..-om

a -fax -f..-om L.A. Newnham to M. Bake..-, 22nd Septembe..- 1988.
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