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Following the recommendations of the February 1980 Progress

Report, a program of diamond drilling and detailed geological

mapping was completed in December, 1980. Two holes, totalling

810m, were diamond drilled in the eastern part of the deposit:

both intersected stanniferous mineralization.

Compilation of the new geological mapping and all diamond drillhol.

data has resulted in a changed geological interpretation: the

granite-sediment contact is now thought to be trough-shaped

beneath the skarn zone, with the trough axis plunging shallowly

eastward. Following this re-assessment, the deposit's potential

size is estimated to be 2.5 - 3 million tonnes of 0.5 to 0.7% Sn.

Preliminary metallurgical testwork has shown that, although the

ore should be difficult to treat, production of a low grade

concentrate, suitable as fuming plant feed, may be possible.

Further testwork is in progress.

A 1000 to 1500m diamond drilling program is now underway. The

first two holes are targeted at deep skarn mineralization in

the eastern part of the leases. Further drilling proposals are

dependant on the result of the Mining Lease application pending

over an area adjacent to the eastern lease.
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The St. Dizier deposit is a stanniferous magnetite skarn

which occurs within hornfelsed sediments on the northern

margin of the Devonian Heemskirk Granite. It is located

about 18 km W.N.W. of Zeehan, West Tasmania (Figure 1).

The property has been actively explored since the early

1960's primarily by four companies: Placer Prospecting,

Minops, Cominco Exploration and the current Renison - Apollo

Joint Venture. The first three companies carried out a

series of geochemical and geophysical surveys, and completed

twenty nine (29) diamond drillholes. To the end of July

1981, Renison has spent $203,609 on exploration at St.Dizier

(Appendix 1), mainly through the completion of seven (7)

diamond drillholes for a total depth of 2197m. Under the

terms of the Joint Venture Agreement Renison will have

earned a 51% interest in the prospect when it has spent

$250,000. This figure should be reached at the end of

September this year by expenditure on the drilling program

now in progress.

This report describes the work carried out between March 1980

and July 1981 and includes an assessment of the deposit's

potential size •

LAND TENURE

The property is covered by three mining leases, 13M/59,

16M/62 and 17M/62, each of 8.0 ha. Until recently these

leases were held by Mr. Roy Laffer of Zeehan. Under the

terms of an Option to Purchase Agreement between Mr. Laffer

and Apollo (formerly Minops) the Option has been exercised

and the leases are now held by Apollo. The ground surrounding

the leases is part of Exploration Licence 47/71 held by

Gippsland Minerals, and is currently subject to a Joint

Venture Agreement between that company (30%) and Aberfoyle

(70 %) •
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WORK COMPLETED MARCH 1980 TO JULY 1981

3.1 Geological Mapping

2.
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Detailed outcrop mapping has been carried out over

most of the leases at 1: 1000 scale. Outcrop is

generally scanty, particularly within the skarn zone,

however a combination of outcrop and structural data

from the footwall and hangingwall rocks limits the

skarn's surface trace to within 20m along most of

its length.

C4ll The attached interpretative geology map (Figure 2) was

compiled by combining factual geology data and diamond

drillhole information.

3.2 Diamond Drilling

Two diamond drillholes, designed to test the skarn

zone at depth in the eastern part of the leases, were

completed in October - December 1980, for a total of

810m.

•
As with the previous drilling program, it was decided

to drill HQ or NQ triple tube to keep core losses at

a minimum. As a result, core recovery in both holes

exceeded 96% overall.

Both holes were surveyed by a down-hole single shot

camera, and their collar positions and orientations

determined by Renison surveyors while the drill was

still in position. Examination of down-hole survey

information from both these holes and those of the

previous program reveals a tendency for holes to

"deviate" west near the skarn before "returning" to

their original bearing near the hole end. This tendency

may result from the mineralized skarn (which is

essentially a sheet of magnetite-bearing rock)

affecting the compass in the down-hole survey

instrument to a progressively larger degree with
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Detailed drill logs, together with petrological

descriptions are attached (Appendix 2). Cross

sections are presented in Figure 3. Hole details are

as follows:

3.2.1 D.D.H. SD14

This hole, 387.2m long, was designed to test the

skarn zone approximately 175m below surface

beneath Cominco drillhole SD6 (which contained

approximately 2m true thickness of 0.78% Sn) .

In the event, the hole shallowed and apparently

deviated west. It intersected approximately SOm

(t.t.) of skarn of which 15m (t.t.) near the

hangingwall contained magnetite mineralization.

T~e latter included 3m (t.t.) of 0.74% Sn (0.62%

acid soluble) and 4m (t.t.) of 0.10% Sn (0.09%

acid soluble) and 1.4l% Zn directly adjacent

to one another, approximately l4Sm below surface.

Petrological work by Central Mineralogical

Services (Appendices 2 and 3) identified pageite

and ultrafine «2pm) cassiterite as the tin­

bearing phases but other acid soluble tin minerals

may be present.

3.2.2 D.D.H. SDlS

This hole, 422.8m long, was designed to test the

skarn zone at depth close to the eastern limit

of the mining leases. The true thickness of skarn

intersected was again about SOm. Of this 28m

(t.t.) contained magnetite mineralization,

including 26m (t.t) of 0.47% Sn (0.19% acid

soluble) and 0.06% W0 3 .

The hole intersected 130m of granite enclosed by

hangingwall sediments before intersecting the

skarn zone, as well as stopping in granite on
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3.3

the footwall side of the skarn. The first

granite intersection was quite unexpected and

has changed the overall interpretation of the

granite-sediment contact: it is now thought to

be trough-shaped with the skarn occupying the

deepest part of the trough throughout the deposit

(Figures 3 and 4).

Petrological work by C.M.S. (Appendices 2 and 3)

again identified pageite and fine cassiterite as

the tin-bearing phases, however subsequent

detailed microprobe studies by AMDEL on a crushed

drillcore sample fron 303.0 to 304.0m indicated

a further tin mineral, schoenfliesite, which has

a chemical formula of MgSn (OH)6 and cubic

crystallography (K. Henley, pers. corom.). AMDEL's

work on this sample is still in progress.

Detailed Petrology - Tasmanian Mines Department

A detailed petrological investigation of the St.Dizier

skarn by J. Everard of the Tasmanian Mines Department

has now been in progress for about 18 months. The aim of

this work is to understand the genesis of the skarn.

To date, one interim report has been received, together

with a series of detailed petrological descriptions.

Both are attached (Appendix 3). In addition one

microprobe analysis of hulsite was reported (J.Everard,

pers. corom.)j this included approximately 2.5% Sn.

3.4 Metallurgical Testwork

A total of six samples of crushed drillcore rejects were

subjected to mineral separation tests. At the same time

a seventh sample (Sample A) was sent to AMDEL for

detailed petrological examination (see 3.2.2 above).

Sample details are tabulated overleaf:
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SAMPLE D.D.H. INTERSECTION %Sn % ACID % W03SOLUBLE
Sn

% Fe SAMPLE
WEIGHT

(g)

A SD 15 303-304m 2.96 2.30 0,04 N/A 521

B SD 10 224-225m 0.76(?) 0.86(?) 0.18 16.3 975

C SD 13 215-2l6m 1.45 0.56 0.08 26.3 405

D SD 14 201-202m 0.99(?).1.09(?) 0.05 20.5 557

E SD 15 266-267m 1.03 0.45 0.11 36.1 578

F SD 15 302-303m 0.91 0.68 0.01 46.3 710

G SD 13 206-211m 0.57 0.3l N/A 18.6 2175

• The above assays were all obtained from the samples tested to

avoid any possibility of mix-ups.

•

Samples B to F were initially reduced to -300pm. They were

then separated into three size fractions: -300/+106pm., -106/

+38pm and -38pm. The coarser two fractions of each sample were

then subjected to Davis Tube magnetic separation. Subsequently

the -38pm fraction of Sample B was also magnetically separated,

after the -6pm material had been removed by cyc1osizing. Each

product was assayed for % Sn, acid soluble Sn, Fe and, where

there was sufficient sample, W03 . Details of the results are

attached (Appendix 4). This work indicated that:

(1) the proportion of total tin in the non-magnetic products

is higher in the finer size fractions than the coarser

ones i.e. tin minerals in composite with magnetite are

probably liberated by finer grinding.

(2) the distribution of acid soluble tin in the products

parallels that of total tin, suggesting that the

cassiterite and acid soluble tin phases have similar

grainsize and/or mineral association.

(3) the sampler sizes were too small to assess the tin

distribution on a wider range of magnetically separated

size fractions.
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As a result of the third conclusion, sample G was obtained.

It was separated into sixteen (16) size fractions ranging from

-6~m to +1200~m. Each fraction (except - 6pm) was subjected

to magnetic separation and each product was assayed for %Sn,

acid soluble Sn and Fe. Details of the results are attached

(Appendix 4).

The metallurgical features of sample G are particularly

interesting because the mineralization from which the sample

y: was obtained contains "dizierite", a tin-manganese-iron ?oxide

(Fander, 1980). The testwork indicated that, in Sample G:

• (1) in size fractions coarser than 600pm, the magnetic

fraction contains 94% of the tin.

•

(2) in size fractions finer than 53~m, the non-magnetic

fraction contains 75% of the tin.

These results suggest that, for sample G at least, a coarse

grind followed by magnetic separation, followed by a fine grind

of magnetic concentrate and a second magnetic separation may

concentrate around 70% of the tin into a non-magnetic product.

A bulked sample of the magnetic products from the +425pm size

fractions in sample G has "now been obtained and reduced to

-75pm. It is currently being subjected magnetic separation and

analysis of the resultant products.

Two magnetic products from the initial testwork, the +106j-300pm

fractions of samples Band C were sent to AMDEL for microprobe

identification of the tin minerals present. The AMDEL work

indicated that tin is present as a tin-manganese-iron mineral

(probab19 identical to the "dizierite" described by Fander) with

a grainsize range of 2 to 50~m, and lesser cassiterite up to

20pm in grainsize (see Appendix 3).
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4. GEOLOGY

4.1 Stratigraphy

7.

The sequence at St. Dizier comprises hornfelsed siltstone

and shales, skarn-carbonate rocks, quartzites and

sandstones, all within Upper Proterozoic Oonah Formation.

Cross-bedding in tournBlinized quartzites indicates that

the succession youngs from south to north. The sequence

has been subdivided into three units:

•
4.1.1 Footwall Slates

These are largely dark grey, chiastolite - bearing

hornfelsed siltstones and shales. They are

partly micaceous (muscovite) and graphitic and

include interbeds of calc-silicate and carbonate

particularly near their contact with the skarn

zone. In the south-east corner of the lease

area, these rocks merge into tourmalinized

quartzites and sandstones - this probably reflects

a transgressive facies change.

Minor stanniferous sulfide mineralization occurs

within this unit in the western part of lease

16M/62. The occurrence has been tested by

4It trenching and several drillholes, and is

evidently impersistent and closely related to

the granite contact.

4.1.2 Skarn-Carbonate

Where unmineralized, this unit comprises a

serpentinous marble that probably originated as

a dolomite which was converted to a forsterite­

bearing marble by contact metamorphism.

Where it has been converted to skarn, the unit

consists of various amounts of serpentine,

magnetite, talc, diopside, tremolite, chlorite,
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phlogopite, clinohumite, chondrodite and

pyrrhotite. Tin occurs as cassiterite, hulsite,

"dizierite" and schoenfliesite. These minerals

are all associated with magnetite, however tin­

barren magnetite skarn also exists.

This unit is interbedded in places with non­

carbonate sediments, particularly around 345100E,

where the skarn zone is split by thick lenses of

hornfels and quartzite.

4.1.3 Hangingwall Quartzites

These are pale brown, pale grey and white

quartzites and sandstones. Tourmalinization is

common and has generally resulted in a banded

rock with tourmaline (dravite)-rich and quartz­

rich bands. Close to granite, this rock type is

characteristically enriched in Ti-biotite and

veined by microgranite. It includes interbeds of

partly hornfelsed siltstones and calc-silicates.

It appears that very minor cassiterite

mineralization occurs in quartz and tourmaline

veins within this unit, particularly in the north-

41' east portion of the leases. Assays of diamond

drillcore and adit wall samples from this area

indicate that no economically significant

mineralization of this kind is present within the

lease area,however.

4.2 Granite-Sediment Contact

Prior to the 1980 drilling program it was thought that

this contact dipped northwards with a shallow to moderate

dip (Newnham, 1980). As mentioned previously (section

3.2.2.), the first granite intersection in D.D.H. SD15

led to a revision of this interpretation. Contouring of

granite-sediment R.L. positions from the diamond drillhole
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logs reveals that the new interpretation - a trough­

shaped contact with trough axis plunging shallowly east ­

fits all of the data convincingly (Figure 4). The

interpretation is based on relatively few data points,

however, and some other explanation may still be possible

If it is correct, it adds St. Dizier to the large list

of skarns which have formed in granite embayments.

4.3 Structure

4.3.1 Folding

On a broad scale, the sequence dips vertically

.. and strikes approximately E - W. Dips vary from

steep N to steep S, and the strike swings from

E.S.E. in the western end of the leases to E- W

in the east. In some areas the hangingwall

quartzites are intensely contorted but, in general

bedding orientation is quite regular.

4.3.2 Faulting

•
Surface mapping suggests that the skarn is not

offset significantly within the leases, however

two faults are recognized:

(1) a vertical fault striking NVl is interpreted

as offsetting the skarn within D.D.H. SD 13

because:

a) the true thickness of skarn intersected in

SD 13 is unusually ~arge,

b) there is a small topographic identation

in the northern strike ridge of Hangingwall

Quartzites suggestive of a fault or fold

movement on the skarn-hangingwall contact,

and

c) there is a 1.Om

in SD 13 which

intersection.

cavity at 289.0 ­

could be a fault

290.0m



01J
RENISON LIMITED r:n ,n~f

,,}, \,J \ j' 1. i~ 10.

•

•

(2) a fault striking N. to N.N.E. is

interpreted at the eastern end of the leases.

Horizontal movement appears to be limited but

the fault's presence is indicated by a large

breccia zone in D.D.H. SD6~~~ possible fault­

thinning of the skarn in D.D.H. M2. The

fault apparently strikes N.N.E. along a small

gully in the hangingwall quartzites, and

swings N-S through the skarn and footwall

rocks •

5. ORE POTENTIAL ESTIMATE

An ore potential estimate was made to aid assessment of the

economic value of this deposit. The tonneage figure was

derived from drillhole data that is either widely spaced or

considered somewhat unreliable because of a combination of

poor core recoveries, inadequate drill logs, lack of down­

hole surveys and (in the case of the Placer data) dubious

assay techniques. This estimate is therefore a possible ore

figure only, as defined by the Aus. I.M.M. Joint Committee

on Ore Reserves Report (1972). It is not an ore reserve

estimate and should not be quoted as such .

The estimate was made using a longitudinal projection of the

deposit (Figures 5 and 6). In contrast with conventional

10ngitudinals, which have a constant strike, this projection

varies in strike so that, at any point, its strike is

parallel to that of the skarn (see Figure 4). If this had

not been done, it would have been necessary to adjust the

tonneage figure to compensate for projecting a curved body

on to a flat plane. The only mineralization considered was

stanniferous magnetite skarn. The tin-bearing sulfide

mineralization noted in the footwall rocks (see Section

4.1.1) appears to be minor and was therefore ignored, as

were any concentrations of metals other than tin which are

present in patches within the skarn (ie. tungsten, zinc,

copper). The skarn is, of course, a low grade iron orebody
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but the complete absence of iron assays in any drillholes

prevents any assessment of its iron ore potential.

It can be easily demonstrated that a volume calculated by

multiplying the horizontal thickness of a slab by its

projected area on a longitudinal projection is the same as

the true volume of the slab. Horizontal thicknesses of

complete ore intersections were therefore calculated

(Figure 5). Each intersection was projected at its mid­

point on to the longitudinal projection.

Areas of influence for each drillhole were mostly assigned

by a polygonal block method, in which polygon sides are

constructed from perpendicular bisectors of lines between

adjacent holes. Some geological bias was introduced,

how~ver, especially at the outer limits of mineralization.

A cut-off grade of 0.4% Sn was assumed. Specific gravity

was estimated at 3.4 on the assumption that stanniferous

mineralization comprises 70% serpentine-carbonate-talc­

chlorite (s.g. 2.8), 20% magnetite (s.g. 5.2) and 10% sulfide

(s.g. 4.7); this is fairly conservative as magnetite content

is probably higher, however the figure does not allow for

porosity.

The following assumptions were made:

(1) that mineralization occurs in three tabular bodies

oriented near parallel to bedding: a small western

body in a centre skarn to near footwall position, a

central body also in a centre skarn to near footwall

position and an eastern body in a near hangingwall

position (Figures 5 (al and (b)l,

(2) that earlier unsurveyed holes did. not deviate

sUfficiently to materially affect the calculated

tonneage,

(3) that, notwithstanding core losses, the pre-Renison

drillhole assay figures are representative of the true

tin content of mineralized intersections.
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The calculated ore potential figure is 2.85 million tonnes of

0.62% Sn mineralization. Given the large uncertainties that

exist at this stage it is more reasonable to say that the

deposit has potential for 2.5 to 3.0 million tonnes of 0.5

to 0.7% Sn.

6. DISCUSSION AND CONCLUSIONS

The economic potential of the St. Dizier deposit depends

primarily on three factors:

(I) the metallurgical amenability of the ore,

(2) the actual ore tonneage (as opposed to the deposit's

potential), and

(3) ·the metal content of the ore, not only as tin but also

in other potentially recoverable and saleable minerals

e.g. scheelite and magnetite.

It is clear that this mineralization is metallurgically

difficult. The current approach is to mineralogically

characterize the ore and develop a feasible metallurgical

flowsheet. The aim is to produce a low-grade (5-10% Sn)

concentrate with reasonable tin recovery (60% plus) with a

view to feeding the concentrate to a tin fuming plant .

More drilling is necessary before any reserve estimate can

be made. As a first step the hole spacing should be closed

down to approximately 60 metres (Appendix 5, Figure 6). This

should involve sixteen (16) diamond drillholes for a total of

approximately 4000m.

None of the earlier drillcore was analysed for acid soluble

tin, tungsten or iron. This means that, although we have

some feel for the ore distribution within the deposit, we do

not know much about either the variation in tin mineralogy

or the distribution of potential by-products through the

deposi t.
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7. CURRENT PROGRAM AND FUTURE WORK

7.1 At present a 1000 to l500m diamond drilling program is

underway at St.Dizier. A memorandum explaining the

reasons for the first two drillholes is attached

(Appendix 5). The work program additional to those

drillholes will be affected by the result of the recent

application for a fourth mining lease east of the

current leases:

hangingwall quartzite and oriented to intersect the

skarn at the "SDIB" position shown on Figure 6. The

target is the western limit of near hangingwall

mineralization up-dip from an intersection of 3m

(t.t.) of 0.44% Sn and 0.13% W0 3 in D.D.H. SDIO

(Figure 7). The hole should also test the near­

footwall position 60-BOm down-dip from a thin,tin­

barren,pyrrhotite-magnetite intersection in SDIO

and east along strike from an intersection of 3m

(t.t.) of 0.B2% Sn in D.D.H. SD9. Estimated hole

depth is 250m.

•
(1) if the lease is not

"be diamond drilled.

granted, one further hole

It should be collared in

should

•
(2) If the lease is granted:

(a) a rapid program of geological mapping, grid

pegging, bedrock geochemistry and ground magnetics

should be carried out. Lines should be pegged

100m apart and sampled at 25m intervals.

(b) three diamond drillholes should be completed on

the new lease for a total depth of B30m. If

the results of the reconnaissance program outlined

in ta) above are available, they will influence

any drilling proposals. If a reconnaissance

program cannot be completed in time, the first

of the three holes should be collared in footwall

slates and oriented to intersect mineralized

skarn 50m east along strike from the lease



017 RENISON LIMITED
GO

14.

•

boundary at 2025 RL. It is necessary to place

the first hole quite close to the lease

boundary because the skarn-granite contact

appears to be "climbing" eastwards in this area.

If it continues to do so further east,

subsequent holes will have to be targeted at

relatively shallow levels.

7.2 Detailed petrological and metallurgical studies should

continue on this deposit. In future, only crushed

rejects of mineralized drillcore will be submitted for

petrological analysis. This should eliminate any

problems caused by erratic tin distribution within the

core. Given that the current AMDEL work will permit

optical identification of all the tin phases, a

quantitative comparison between tin assays and tin

mineral content should be made for each sample submitted.

•

7.3

7.4

7.5

All mineralized intersections from the pre-Renison

diamond drillcore should be quartered and assayed for

% Sn, acid soluble Sn, As, Cu, Zn, Fe, Sand W0 3 .

Representative crushed reject samples should be submitted

for petrological analysis as outlined in 7.2 (above).

A series of bulked intersections should also be obtained

for a complete trace element analysis .

The hole deviation problem mentioned in section 3.2 of

this report should be resolved. Inquiries have been

made concerning down-hole survey instruments unaffected

by magnetic materials; these should be followed up.

A budget was prepared for the 1981-82 financial year

(Appendix 1), assuming that a fourth lease would be

granted, and, therefore, that the additional work

outlined above would be carried out. Total planned

expenditure is $180,330. Should Apollo contribute to

this program once Renison has spent an accumulated total

of $250,000, Apollo's share will be $53,968.
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APPENDIX 1

EXPENDITURE BREAKDOWNS AND PROPOSED

BUDGET 1981-82
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ITEM

RENISON LIMITED

TOTAL EXPENDITURE TO END JULY, 1981

$ EXPENDITURE % OF TOTAL
EXPENDITURE

•

•

Salaries (including loading)

Consurnables

Renison Services

(Survey, Assay, Research, Vehicles)

Travel and Accommodation

Diamond Drilling

Site and Access Development

outside Services - Petrological

Outside Services - Other

(Drafting, Geophysical Equipment)

Lease Payments

Rounding

TOTAL:

19393

10804

17402

69

144209

3871

4371

3418

72

203609

10

5

9

71

2

2

2

-1
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•

ITEM

Salaries (including loading)

Consumables

Renison services

(Survey, Assay, Research, Vehicles)

Travel and Accommodation

Diamond Drilling

Site and Access Development

Outside Services - Petrological

$ EXPENDITURE

34771

4143

8409

851

116534

2710

11282

% OF TOTAL
EXPENDITURE

19

2

5

65

2

6

•
Outside Services - Other

(Grid pegging, Soil Sampling, Drafting)

TOTAL:

1630

180330

1

100
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APPENDIX 2
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1

"NISON LIMITED - DRILL CORE RWRD

~ su.m
VERTICAL HORIZONTAL d

HOLE NUMBER SD I. FrOITl- To Oi,Ian"
0,5;",\)11' i I

D "' D.C"•. D,I' r,,'11_ T,,\~.

- ~.~'"''-" h:~;'-'-:--O: ~- I i!
To test for depth extension of I

_. • 0 0
PURPOSE mJneraliaation intersected in SD6 Collar 15?~_7___ ----=-_?6 a _ 1~:.~ 16.5 1~·Z~190.1 9"2 9.2

!

1) 1640 _570 16.5 - 51 )4·5 28~9 I 2161.8 18,8 28.0

69 H;5° _570 51 - 84 )1 27·7 2134.1 18.0 46.0
LOCATION ST. DIZimi.

1670 _56.5° 63.499 84 - 115.5 31. 5 27·5 2106.6 17·4
132 16eo _56.5° 115.5-144 28.5 2}.8 2082.8 15·7 79.1

COLl.A.R R.L. 2204.}7 8SU:D8 ,-,,12:5°156 I tR,j° (=U>
144 - 171 n 21.7 2061.1 16.1 9J~t

i "6
asa e _520 171 - 206 15 27.6 2033·5 21.5 116.7

COORDINATES 5367111.51 iii
I sHi~(mag.-) I

345 27}.}' E 226
5~

_520 206 - 244 18 29·9 2003.6 23·4 140.1 I

"- --------

_51.5°262 1560 244 - 281 37 29.0 1974.6 23. 0 16}.1 I
LENGTH 387.2 m

I 158.50 _5 10 n.l 186.4jOO 281 - }18 37 28.8 1945.8-- -
159

0 _490HWO-}m Il6 }18 - }51 II . 24.9 19'20.9 2'-1 :208. , j
HOLE SIZE HQl-17j' tube) 166 159

0 _41.80 26.8
I

351-381.2 36.2 1894.1 24.3 232.4~_'tJ1L- 87. 2m ~.ll...Eor~e

DATE DRILLED 7.10.60 - 18.11.80
I------- -"-"

SIGNIFICANT CORE i }.Om 1088 be~ween 59.2 - IO.2m I :I
LOSS ZONES

I J1: loss between 1~8 - 184~~m
r----~,(

10Rs batVllen 2 2.:.....2.1.B.- II
J'

ORE ZONE GROUND
CONQITIONS

!
LOGGED BY P. ROBERTS

The hole intersected e3.9m of Bleam and carbonate betveen 178.2 and 252.1m including a 16.8m magnetit.-rich zone near
the hanging vall CODtact. 5m of moderate Sn srade within the magnetic r.ons is fo11O'o1ed (doWIl'll8.rd) b7 6m.. or lOY S1:l grade
and ~~ Zo. Soluble Sn content is hlgn throughout this intersection.

ICOMMENTS

I
I

I

o

1

f

t

i
i

I
I

I
\
I

I
I

So"

AvERAGE WEIGHTED ASSAYS

SUMMARY - ASSAV DATA

LENGTH
Iml

TOFROMLOCE NA.ME
Acid Cu. A, S. Pb. Zn. Bi. WO, Ag gft B.CA I;

Sol. Sn. Ii
+--'-'-'-'--t--~-t-----+---+---t----+---t----'--t----+---+---t----'--t---i!

I-----+---I---+-~-+-----I--+---+---I--+-----II--+--+--+-----I--+--I----+--i!

",- ------_.~---_._-

""-../
I_----t---r----+----+---+----+-----t---j---+----+---+---+--+-----+------t--j----+----' i

1------1----+---+---+---\--+---+---+---+---\---+----1----+---\------\----\l7i
I------I---I-------t--+-----+---+---t--t-----I--+------I--+----+---+--t--t--+-----i r:;)
1-------11----f---+--_+--I_-+--+-_+--+--+-_+-____I--+-____I--+---j---+----1!

-j---+----+------t--t-----+---+--t----I--,----+---I----f---t-----+------Ir~

r
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nr N If~()N LIM IT f ()

HOLENe: SD /4
tI iii>

SCALE; ~ ~
fI'e . ·:s

DIAMOND DRILL HOLE PLOT

::
o

'"

DIP PROFILE

...

.'....

(I,
....

I
&"74"-711
1."47-.'

IH7 '11'6' N

rl -",.."
II

PLAN

1

,
!
i

1
• i}

~,

t
!
I
i
I

t

I

I
I
I
t
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• F1fNISQN LIMITED

DIAMOND DRILL RECORD
• PAGE

HOI [ NllMtlFR

LOGGED BY

SD',
P.R.

b
I
!e..

I

'!Io Sn.
I FORM. f.::-=,,--==-+=,,::.-;::=-=+c::-::-r:::-:---,--=-=-,-=-=,::-::--r::-::-r:--:---,-=-:::::-__+ i

FROM TO TOTAL ACID SDl. 'IIi Cu. '" A... ... S. 'lI. Pb. "Zn. ... Bi. iiVl Ail ... 'NO
DESCRIPlION

RECOVERY

1B.8Q20.0 20.4

FROM TO

INTERVAL Iml

I---~~-+-~-+-~+-~,---

't-_~---f----_II'------,f-----I'--\lh"",t,."-~~_~.6!!tyL-f!~_!l~E.L1:l~-d~~-~I.,t~~~J-q':l2o.rJ~=!4-~'~h'-I-__+--+-_ ___j---+_--_+----i---+_--+--___j---j__--+--___j---I
..c__-I- + __-I\-__+ __-t_-"b~a.,n':!!.-_~~~_e~_t.!_~A~!!_leee~~_~e~!1-=~:r_all.d __br~_b~d"_5:_onl!l,~ll:~J.ng __ ----~---j__--+--___j---_j_~-+--___j---j__--+--__+---j__--+--_1

r -t___I--_It--_I--_Irl-oo'~==."'.•l"v,e_c:_~lori~(d~L~~-:..r:~~1_C:.9~~~~~.!1~LO_~c~.a"iyo"=._,1_t,.,',,''--'gra,c'"'''n.·_II----!---+---+---\----+---+---\----+---+---f-----_1_---+--_1
I--------j--_I--_Ij__-_I---+Ii. _o,r"ro""un,"d~e~ eandetona (?) grains in Q replecive ~~lorltlc ma"t,=r=lx~'_~----+---+_--_+--_Ir_--_I_--_+--_If___--+_--_+--_I----t___--+---;
f--- -f___I--_If___-_I--_If___~~E:~!!~.cont:>rtedwith lll.1nor development of axial plane cleavBge,
f-- -t_~_I----tt--_I--_It-'o.o.ot"h"."ry'-'--'clea.vage planes filled with chlorite or mica. Minor

r-----t--_Ir_-_It----t----ti-quartz veinif18. Frequent breaks along,,_,',ro,~"='.,ta"'"""n"·Od'--'=o,r..':','.,y,-=',="'t"·Od'__if__-+--+--_I----_j_--_+--_I---_j_--+--_I---+_--+--_I---I

f--- -!-__+-__--tf---_-+__+~J,·,o"i~n"t_ourf=ac=·,,·,,·-------------------------H---+---f___--t---t_--t---t---_I_--+----t----t----t---+---~

---.----------.----.-----,------:---,:-:.,-----~-_1_-+_-+-+_----t-+_----t-+_-t-_+_-t-_+_----l

If-----t_--t_---I---t_---l- 14.9 - 20.4 More quartz veining cr. above, minor microo"'"."ucl,,tcicng~·_--I----tf--_t---t_--+--_I---t_--+--_t---t_--t_-~_+---t_-__I

-fuc-l~d;;---;;~!T~:~.~!~~~i_n_;_-~t17.4, 18.4m (VCCA'-:_4COCOC)c.-:-__H I-_~_j_---_+~--I_--+--+--_II_--_j_--+--_I j__--+----1
__~~_~_gre__.n_.._rp__.n_t_i_n._~d grey talc spots 1c7_'_'_-_'c7_'c5"=,'51----+--_1---+-- --_j_---t--_I---_j_--+--_I---+_--+--_I---I

50ft clayey and broken 19.6 - 19.8m. Be! averages ,59.
____11"_..... ,.,~.--.---.---------------------_il_-+-_I---_+--I___-+_-+-__I--t__-+_-_+-__I--_il_---ji~

I
20.4 22.2· ---..!~- ~1 __ 6AND5Tom: - _u __ • __~_. ._~ I

Buff, fine grained, lar~ly tnt.rbedded, fria.ble. Grey talcy il
I ~---- -- alteration _!l:.~~~_ Inter~!!~d~__Ve~ __~~!~~X'0ken"_ al~"ng~_'ol::·oyc-_:'"~::.:·cro=d~+---t--_If___--t_--_+---t---t----+--_I---t_--+----t---t--.,---! 1

I-~~- --- ----- ---- joints. ---------.------- -----------+-__It--+--+---+--~--__I·-·-+----+---t---4---+--t--f--!j

i-=---,22:-2--~a:-.-· 6.6 100 SAIlDsrONE ANlJ QOARTZl'I" -_c-----.---I----+f--__I---I----+---I----+--+---t__-+-- 1--__1--+--:,
I _=--_~--__ 1--__ n P'].le grey_brOlffl. laminated. Micl1CeouB {muecov1te).:...oncdo·ct:ncnc·:....:°cr'-_+__~-......'"-"-,+-'"....,"--+'""''''--+c.''......,-+--_11--- t__-+---_I---1 .....-.'Il:'.•"-I--"J..,'--f-"-.,,~-lf

i
'.

. I __III ~~~~Z~!!_ in te-rb~dded ~!:'h da:~_br~~l_~yers._:~~iBt~~'r_'-a--r=",-;-'oY---i---_+__-t-~',.'""~t_'L..-"L'_lr-'''''->!.•,___j---j__--+--__+---il_--+' ~

I
, : --~, of brown, finely Elcicu1~ to~~1ne.~rtz_veined, vein . 1i.0.. ....... S (l..r" I

f-----~-~=~---~ thickness variss 0.5 tOcm. occasionally with minor pyrite. ~
folded, DCA varies 0 _ 40°.

,~-- f---I~----jH---H---H- --'----'c--'--------~-----t--+--+---tI___-_il_--+-__I--t__-+--+---1--t__-+-__t

-,,,
t

!~
I

:[

I i

I I!

I~

I
,
!
il
II

f

.
I___~--+-~--t-~-~-~f____

r------- ~~,~_ 2.2 ~OO __.!~~ONE

i ~~> , ~~.!...~:Y::___b~own, fine _grained, ....eakly laninated. BCA Yat'191'1 2~45°.

i~L=~--~.~_.~~on.::-al':...~-=."d,dc='ng"'-,p _='="_,,'ce',-'------------------t---+---:-t---t-- -t---1--__tf----t~·-.---I----I---+--+----t

1 ".0 '2.6 1.6 ~~ .;;;:~,;~~~_~~A-v~~~,~~l9_- 35~c.':__.,p,;:,r,t,',y:.,',-t,.,r"."d'---'tcn:-.-;v-,.ory'---.,o,~,t,.'-_l-__+--_+---I_--+--__+---I_--+--_+--_I~--+_--+--_Ic-------i
j rin~ __~~~:_!.!:~~_~~ia!-J~eath~red calc-silicate?).

L----,--:-:--+--l--,--,---t----II----------c- --------------+--+---+--t-----ir---+-t----+--+---+-c-[--+----+-----I!

I.

1-------1r-3..2".6--F·,,·•__II-"'6.....2-+'..00"---it_Q='U"AR....TZ"""TE"'_~_~~_~TONE"'-- _

f--- ~-__\--_--tf____ _+---+=Cluax=otc'"i=tc._c- pale gre:,", coltlprlsing interbedded quartz-rich, ~cd=--__-/l-__--1·~..~,~---o'-+_."-"".."--,0_t_'~""'-'_I-Qn'.wn'~f___---tf___--t---t---t---t"".-"".'--t_-'---1IR ••".0<"-,,
I drav1tic (1) tc~line - rich banaa, minor muecovite, minor

I
l------t--_I--_II_-_I----i~--{Ipn:f,;ii~t••~in veinletB:ind/:>r on Joint surfaces ;- quartz"'~t~·f·etr'h~a;;"..~...-l-__-t_-__+---t---+--__i---t--,---+---t----if_--_j_--+-----cf_---jr . ~ispy at lop, both quartz-;.pich and ~cuiroattn= "

downwards, tourmaline - rich banaElJ\bc·cooc-=-ctchcl,,'cko::.:<:....:t.,nc~=-dc·,-O-bcnctctcoc"c·_,__-II---_If___--f___--t_---f---t_--t_--.-+_--+---f---t_--t_---f----t
Sandstones - lesser, pale bro~, fine grained, massive, micaceous.

"';0

J



"~=:-:-,=_I-:::-:c~~~S~"~.::C::C+C:C:C--T::C-:-T:;-;C--T:-;;::-T:-:;::-T:;-;;;-T.:::-;::-T.;;;~l
FORM'It"FROM TO TOTAL ACIDSOL, 'lbCu. ~AI. ,"S. ","Pb. ","Zn. %Bi. WtAIil ... 'WO~

fl
I I

I
!

I

-
INTERVAL 1m)

FROM TO

59.2 70.2

RE.COVERY

8.0 n SILTY CLAY

• RENISON LIMITED

DIAMOND DRILL RECORD

DESCRIPTION

• PAGE

HOLt NUMBER

LOGGED 8"( :

2

""14

P.R.

l
j
1
)

I
I
~

j

1

I

- ..
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• REl,IISO,", LIMITED

DIAMOND DRILL RECORD
• pAGE

tlOL~ NUMBER: SIll 01

\.OGGf:.P BY: P.R•

__Jhill\ktol'l'l rPI .....---------.-----------------------f---+--t_--4_--+--+--+--+--+--+--+--+---+----j
ee.4 .::'0",4:..,7'-jf-:'"6,.,-.1+",'OO=-.. QUAFITZ SA1UlSTOm::

,Grey to white, lDalNs-grey, meqiUllJ grained. maeaive or faintly bedded In----+-----+- I - -. ----- - ----- ---- ------- .. -.---. --' ---.. ~=="="t_-+--__+-+-+--+-__+-+-+-____i--+--+-+____1
1~----__t--+--+--+---livaria]J1I!ajIlo1Ultl'l of biotHel ~i8l!eminated and in .... eins. 1'Unor

pw~t_fl tn Y~1_~_1~t~~~~Z~i_:~~;-t-i~_1~~~.o~~~~~li~_:~c-:f.l,;:=t'---~_-_-_..----I--_+-~_+--_+--__1!_-__1-----<I---!_-­
rOBlItle,,! ~_~:_ !.~~~~P6 of2~rtz ~ry~_~~=-~_~::.e~e~llY with
p~~[:k" l~Hn~. ~:re pro'!'1l-plack tourmaline veinlets. ='---c:c=-~---+--t_--t_-~t_--+--+--+--+~~+--+--+--_+--__1

,~

j
I

I
1
j

._-
GM , ' 0"'_ i.- ~ :.,,- , <LR'L I
~- . 0.""--..... I """-
"'I"" ,_. , 0._

Pf:.SCRIP1IO~
I'1TEAVAL Iml AEca"'~AYI FRO"",, TO fTl %

I 71]·4 Bal. 10,0 ,00 iiAKPSTDn
I .."'"'t--I---t--+--t_-~){auve, rille jJra:il1ed 'alJlloatci:;-fltltat~~;j-:·'·ib-';d,;,.nt d·1-;lJ •.m1_::-.::na~-t".~d'--il ____I!_--i-----f-----1----1f-----1f---'---f----f__--f__--f_--f_--t_-----1

I
~' - -~

il--~~l- t~~f_~ff~~~,::~~~:4~t:~~~~=~!i:~n~r~~t·~~~~:~~~~~~-:oh-·_'_t -~~ _.1L.Q 'J-O-__ (O·"l _(Plil'l +__+__+ __+ __+ ____1
11 --.--------~. . 1\--- 'HL _.iV,iL ~'9,9lL·j_--_j_--+_--I--+--j_O,-_+--'--+'''''L

f
vefluvl~e (?) are set in a p:j.otite matrix. ~umerQus veins of I ~,

j M-- -'~.Q- ---.i.IU_I-~g.''"-_I_--+---!---__1--_+--_1Ii t~P;;j.-;~(?) py-rHic mJcrogranite (1-3clIl thick), aome containing --- - YiS.Q_-!-JD.aLt-
URt

1; C~ar1'l8 lJ+o~ to~Une, lIome halted by vssuvi~it8 (7)/biotite I ~__.'--1!----I---!---!---!---f.o

I

l~_~'
11" "ltftl';l.t.ion. Rare pyrite yeinletll. Bedded,:BCA 5,o-~60.::....~- ~-- ...... I ~~_. I -"-+---+---+---+---+---4R. .- .-- _P'~ f-"',g>-t-"".

l
i~~~-+~-+~--II-~+-f-------- - -----.- .__~~ .~ ~~~*-~+_~+JI4-_,",OJ- -'••IL--'I--~1__~+_~+~+~-j

6j.~_ - 66.4 ~~_t~~_n~~egu~!_qua.rt~-.!~in8-~BIIOCi~~!~-~!~h.'-:c:---H---t_--f__--f__--t_--t_--t_--+_--+_--+_--+__--,-+--+--1

I
Ji f-----+--+--ij-----1---1t---- ~J~~1'\"4!_~~_.:.?~~.!!_~ain~_~,.,~'t~1~t".'_••~.t"_"~n'-"p~·,~·"--"~·~1~1'~·~-4i--__1f__-__1--__1---f__--f_~-f_--4_--4_--4_--4_--4_--+--1

B11~ ~~e~2 ~~~~_~~_~n~~d ~~~:~.!.!..iC&tll (?)~n8ell ~~
veinl!l 41clD thick.----.-- -~--~.--------II--1f--+-+---+--+--+---+--+-f-----+---f--f-----1

:J---1 ,.--1---1----1--+-- -I--~ ._':.·,c':',~·~t,._d"_"~.~._.~tt~.:,r~l~t~.:±('~.)'-'gra,..~ln~.'-'=O~,~5~.=--:'~=""_d~i~-""'~t~.~r~o~n'__+--+--+--+--+-_+--+--+-.--+---+---+---+--__1---1
j~int eurface, JCA 35°.-1---+--+---+-+~__-,,=c.:.: I

I
'.""-_j---L-+Ul''--jII"" .. .,,, ...

~i~t.tone ~~ ftne grained sandstone. mauve and pale

f~11o~~.1~~~~~!~~~1lena01d veins of cream-coloured
fine grained calc-e1Iic&te (7) with disseminated biot1t

_.-

f------t--+~-I\_~+_-

f---+--+---1f--+--1f:-------=-·-cc------,---c---:-----:-~_,___~-·-----1f--+-+--I----+---t---t--+-+-+--+--~.+--+___------I..f-- }-__+_--'If_--+---l~99~'~5<,,;:·~99~'~7,.---,Y~.'~l~o~.,,_,fine _~a.1ned calc-silicate (?) alteration,
veined by topa~ized (?) fine grained granite.

f---t-----1~_I\_-+-~I---~---'-'.c=

Ir---
II,r----I---+___--II---t
,f-----t---+--~·-f-­

t--t----it--- ---
f-- +-__+-_ __II--+---l2d.-B - 96.j Pa.::!l_~~!~~Nd to qua:rtz and black tourmalinfP in

______d.!~~1~~i~Jl..~t~ern.!~ _!!_-__I!_-_+---_!_-___1!_--!----!----+---+--~j_----+ -.-+~-_j_--__1

10,.9_104.' Greleenlzed granJte, fine grained, consieting ot ~uartz,

f------t--_j_---ii---,f----il-------------------------il---+---+..i•.l.L+-'...•......j-<"'"-+--+--+--t----+----1~ .....+_L._+.."'.-+
f +__+-_---1I-_-+__-It'~10~1~,~7~____"2,~.'__v"'•.cl~n_'~r";-'b"'•.cd_'='c..-.''''ello....-green. fine graLned calc- Q,I,'i.. (9,·'"'Y'I-.'«'".•"-'-t---t---+---t--_+---t~-~ --n·-t-L.-~I~."",,'<'---1
f- +--t_---1f_--t---t------i.~1l'-'~o7ate(7) consiBting of rounded olive green blebs ( .0, ......

(12 - 3mm diameter) in a. softer yellow matri:x. VCA 450. M. u ~~. I .011Io

.
tourmaline, mu&oovite and topac (7) with minor fine

--.--
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• RfNISO" LIMITEO

DIAMOND DRILL RECORD
• PAGE

\o10LE NUMBER

4

SD1.4

[
lOGGED BY: P.R.

j
I

1

I
I

I

---

!'i".11 -(',~ .If.'"

_11 • .0_ $ClRL _g,DI

1.0. <Cl.Or 6 ..0

1 --1 \_---Il--~\_-__II104, 5

Ill ~';~:~~~:~V=A~L:i;m~o=' t="~:~CO=V~E="~:ti------__:=:;::::;__==;::;O:E~S~C~"~'O'T~'O~N~:::__:;;;o_;;:_::_:---;-=::----~'~O~"~M~P,!"~O~Mq=~To2::=+~T~O~T~.~:=S~:~C~,,~.~O~,=.p.~C~'~·i:;·~·;··=F·iis~.~~.~P~.;:::p.!.1Z;"·~P·~O~I·i'~ "'..~.~.i~.~""~~
. ,grained pyrite. Top contact 70° to 0.&•• 10W'er
l------l'----I----,I---I---~-------'Q"'ontao t 80°· to .c.a.

f-----+=±=+--:-+-c~. 1b,"""'~m""':===--------------+--I-+----j--- f---!--!--I--I--I--f---I--+--11
\_----jI-"'O=4=•.'1+'='.'2.'••~'"•.'.1'-t_'=OO"'-·FB~STONE lliD _~~~'¥_~~ -----,,-----------jf--__II.J~I~.O . C'Q.OL -.o,(:II-f----f--+--t----j---i CLP_o.f 1... "'_- t

le' f-__+--+--+--+"'CC=.cc·, !in. "".'nod, ._.d".."---""....1n.'." bl~'1t•• Contal". ,__ ·"'·:f:;OL "''''_+__+__-I +-__+__-t".OO'L_I-~ ct~ I',

l------il'----I---I---I---Frtei-:~_r grelseniz~~~~'Y te ~e_i_n_,_. _8?~e haloed by velJUVlanlte (?) ~_ , ."1- _:lUI'-+-~-+---t---t---+---iIllDQ"-+~I--i-''''''--1
1~~ +-_~+__+__+__-1Il~,l~.t~~_B.ltilln:~~~~~~-=-1ud~ altered zonee in which rOlUlded grains ~_'~_+--,",,"L ~.''''-1---+---+---t--~+---!{),~ 2 00" i

of co['dl&dl;e (1), 1_:?1IQ diameter, set in biotite IIl(ltri.x. Trace 1f-__+__+llQ"O-__ '<-0.11'_ -(O-'l,-1f---f---+---t---t----jT".PClli: 't I ...JD't If
1'-----+---+--+--+---11 py;fi; -10 vel~i~-t;.--BCA-~~-656~'-- II~,O_ ~1I0L _1i!,Q.L-+__-1 j + __-t I"_OO".,. -...L-k~=11

__ .. . ~~ .-1'__-If-_ __II_lI1-'L~D."Li-QJl' 1~-POf. -I.....:.-lPJ,,'I:_---1 I
If } __+__+__+__-II.:'"'"'.,7'-,-:..'C'"'u,"4,_cc_oo.ntalne d188olll1nated euh""dral or eUbhedra=cl-=·~q""""=ct__jf--__+__+ 111,0 "Q."L~"'OL ClOD. .. P-(lIf~ I

cryilta~_~!__b~~_~~_~_(?J..'. .,II"'IL __co ilL _~O.l_. ,Ulo») __ .L...- J1~~ I

if------I-----1--I--t_--1 _n..:...'<l';a., 1I1.\~. ' -,------1----1,---+ ,,-+__+-__t-_--j__-+__-jI"•.40L.-., l',_~~ r

f-- --l_~12.8~~! ~~+--~ QUARTZITE AND CALC-SILICATE ----- - --- ,-+----1-- -+--+~-+--I·OO"·--1'--"L'--1'-""''''·...jII'
L-----l---jt---It---:I---~ Quartzite, cream, pale pinkish brown, pale gt"een, weakly bedded (BC"",A'+__-1\_--f--" L+---+---I---+---+----fQ,~- ~
f,------j.-- -- -- - --- t_~~lee 40-556), .. i"~~~i-~nor-di~;~-~i~-t~d:_~1~t~~e~;~_~~~ __~.~lp.h~de~_-=_~---+--+ Jll·D _c""l)'_. 09L_ 0001 -:--~~t

11 _ ~~~_~!_~1sB~mlnated and V!~~~p.l!ite__tll.?:!!_tL.!~~ll:1:~_r?~~ttell), "rac 1I"1,C! __ ~.Q9.L _<041 ~.,P9 ~ "

'Cr--- ----:I---1I---"I---~ P?_h_o!.lte end arll.~n?~.:c::~.~~_~~~~~.~~~_.~~~_~~~~:,o,vn,,,=..,y'_""o"n"t,."'+----1----1-,..,",.,...... ~~~ -~~"._',,,.O~'=~======~=====~======~=====~;====~f:·':~L!·_-}'~~:_-_-_},~~".".·.J_l~ Ii'very fine grained dravite. Cut by numerous Boft, pyritic, black . ~___ _ ~~~, .

L _+__,*__+__-jf·-:;,;,ln.,-i~_t~ -t~~~;nti~;~~~:~~~-;;clte?)~ C~lc-1I1iicate-, ~r.~.~=~.~c,0,n~.,1"'"t"i""~l-__+__+_"''''+.LO'''''-+_''0''L+---+-----+---1---f----IQ.1Xl ICI.O" I
[-----1·- largely ?~_ ~~_B~~~-,_~?!t ~_ite._t~_lIIOI~_i?_)_in_r~_B~_tte~,,~n~o~n~-=-__I-__1---f-JitQ ~~ <.Q-,O>L+--+---+__+--+---+'"~-"--+-..L'_+'~-e!JI
1 -i + ~--+_--I?!.2=-~oulll parYly par~~':.!.__to_~~ddl~__~d partly crolls-cutting. 111fJ}.~ _<.9.~ ----"'o.·.."lI·,"-t---I---+----t---II---i,D..DllL ------L- O<;!'Q'--11

IL --J1 +-__I-_-1 ,
core

broKen ~~~~~dd1.~~~~.!.:eq:<~:cn~t=l_y.~~.~'~o~na~~j~O~i~n~t=.:';~-----------------~J'----------J~--------++-.J2jJ.'~"-'_I--<.'"...~~~..~'_I~.....OO:'~~t~~~~~t~~~~~t~~~~~t~~~~~t~~~~·~~::-+-><"-_+«~O~~·
i H~=~==l~12~4~.~l~-::L12~5~.~1~pa;,f'.~b~1~~~""~.:~;a~nd:7~b~r~o~vn~ ca.lc-silicates (?) '.p__ JC.'I1.,1IZ!....... ~."'+__+ I j-_-,-+-_-t""",'--+-<L_-4~cJtlt,
I - ---~ interb~ed with olive ,green chlorite (?) and biotite, 21:" "'A.O, .(.ti.- ""..'--+-'<L_+'<...."--~
I,f-_-\.I.'~t-r_+- f-__ ~I f----- . ::.m=ln~o::r_.:.v.::'::n='::..t::.'.p..yr::.1::.t=•.:.. --.------+--t----1-LZ\.IL _~,!.!_ -u.Q"-j----j-----f.---t--- j-__!"40>'-+-"''---+U.O_L i!
!f--- -I·_-+--tl--+---II=-=---c::c-=-:~c------:--,--c-:---,--c:-;---c:c-~:~-:-=;----+-+--t..JlJlL-P<O~~""-'+,"""'-+---~t___~!--j--t--f...,+<<L·--t'A..- i

~~~!~~_1f8~j Olive green calc-silica.te 51), chlorltic (1), pat"c~b~.~'~. --If--__-+..J'"'-'~~'~0''-+C<''""--f-- f-- t- j- j-. 4A"~-+-'--Jf<~~~
. . .?.! br~~rnet (?), relatively abundant vein pyrite.

up to 1cm. thick. Folded llCA varies 5-35°. lJ-roken done jointe,

Minor quartz veins, 0.5 '.Ocm thick. VCA generally 70°. MInor
1----.f----II---+-+----IF~=c~~--'-'---"

calc silicate (1) veins. Trace pyrite in veinlete. rarely QII veins

, infrequently parallel bedding.
---- -
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" Sn.

DESCRIPTION FORM
FROM TO TOTA.L ACID SOL. % Cu. %.,

HOLE "lUMBER: SD14

LOGGED BY . P.R.

i
%S. %Pb " Zn. 'II. IIi. gil Aa %WO

,
0·"2- , .. I...... l

!

C"_~.~-.L....~
c41>_OL

!"O-9L

~~.
I

- ..-----.--~-~~~--~~~~~if_-jf__+_~_+~+_~+_~f___+~-_+~_+-~+_~+_~f______1
1156.7 - '57.0 Yellow, clayey alteration (after calc-silicates?)

--- -- ---.-----------.----~--'~_+~_l-~+___I~__+~-I_~_+_~_I-~+___+~___1-~_+_~+___I
_l___I_--1f---I__---fl-----·--·-BB~C-'-.-t.-d-"'--th-.-.-ve~:~u:-rt_z_~~~=··'_ __,_-_jf_-_jI_-_j--_j--_1f_--I_--f_--I_--+_--I_--+_--+_--+----1

---

ll__--------t--_I_--H--· f--­
----r-- --- .-- . -------CC---;----;-------,--;-;----o--;-·:-----:~_;_-=-_I\__--II-_+~+~+_-- ---I--- ----

.163.8 - 164.0 Muscovite-bearing qua.rh1te.--::~lni'ol~u::d.·:~·c·~ma;;:;'~'-v~.~i=":..c:o~f-_1_--+--+_--1----+---+--+--+--+---I---_I_--_I_---j----{
q~;i;--~-~i.br~~t8(?), veA 65°,

- ._--... -.------. -'-'-------'--'~~-__If_____+~_+_~+-~+--~+_---t~-+---+-~+--

---_+---1t---+-~H--·---------:---c:-:-:---:----c--=-c---:-:----:----::-:-:---:--+--t----+-__+_-+----t--+---I~___+_-+__-_I-__+_-+____+
,J.22.:.Q....____ Scm thick microgranite dyke, ye_"':_l~ow::._and=:_~ar~.gi~l~l~i:-'"..=-;."._1_---1---_I_--_I_--_I_--__+-_ __+--__+--__+--__+--__+-~__+---I__--I

minor disseminated tourmaline. Croases core at _700

If-~~+-~+_-H~_+_~l------ ... -
to c.a.

, ,---t---j---
,r--"-''-../J--- --.

--_.... - _ .._-_.-
0.01 0.05 <0.1 2.3 ~O.Ol 0.02 O.OO} ,
0.01 0.05 0.5 3.2 £0.01 0.01 0.005 I

0.01 0.05 <0.1 1.9 ,(0.01 <0,01 0.001 1

0.01 0.0' ('"0.1 3.2 "0.01 0.12 0.004 I

0.01 0,0' '0.1 1.0 (0,01 .0.01 0.002 1

0.01 0,03 <0.1 '.5 GO.01 0:::0.01 0.002 ,
, - ~. "~_._,.- .~

'.9 74118.2 184.8

rich (1) 181.2 - 181.5 and 182,1 - 162.4m. Very badly broktn, 164.0 0.01

T - --~

b1oUte-l'ioh, minor, oo~eel:r or:rstall1ne pyrite. Pink and garnet- 183.0 <0.01

il---- - -"6.B '-'B-.-' f-::-;;- J)"i.. -loUCi~flJ'5l-::l.Ofl...-=;,o~;;_----~--_......_-~---_tt_--t-~t_-_+--+~-t_-+--t_--+--+--I---I---t_-_1:
1 .2 86 SILTSTONE AND QUARTZITE

, -~ ._.- - .. - ---.-~.::------------- ---Il---I---t---j---_+_-_+_--j--+-__I ~'-+-~+_~+-~f_---I
I '-----t- __-j-__+__+-__l'C:ln.::t.::•.::r.::h.::.d.::d=.E'~~_~~!~~nor fine grained biotite in veins. veinletB.
I r· Thin irregular veine of pyrite and quartz. OB,"COA~.~v~.~r~.~..~.::...:'~o.::o~- +__+__+--+---_I_--_I_--+--+-__+-_-+---+--+--_1_---1
i~

SHALE AND CALC-Sl_1..1C--:A~TE"-- ,,-- __+--_1_,,'7~B:.:.=-0t_'.'7'.9."o+o=-."o,,'-I"::":::':"__+="'--_I_'="-'--+='-I--'=-t-=-=-t---"=+--=--+-="--I

'1 t-__I_-_j,-+---f'o"~i~.~rh=.=nd=.~d=-.-=-6h=:.:.:l~.~da=r:.:k':'"gr~.~Y~.c-"'~am1=na=t:.:.~d...(~BC=:A--=-.V.::·=='::"..':-o·~,=o~O~):.:.-'~o="=ia='=nl·Fog'------t---j--~'B~o~.~0-j--0~.~o~'-r;;.';:;,---t:;-'='-t-=~:_t_;";:_t;_~;:__t~;:__t_~=t---;--t~;:__i
!-- J-__I--_-II--_ _I_--+V:.:.:.:i,,"=-letB of pyri te, quartz. and minor serpentine. Calc-silicate, 181.0 <.0.01

yellow, green-brown, verJ variable mineralogy, non calcareous, local 182.0 0.01
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6PAGE

LOGGED BY: P.R.

HOLE ~UMBER: SD14
•RENISON LIMITED

DIAMOND DRILL RECORD
•

f_----l[---t--t---t--t-'-'.~~ore 19_1I__i!-"-_~ I_~.~-'-'''''4"'-04_21'''''''-''0'l''0'c-"O'!'_+,,0'''.0,,~1_ ~~~1'-I_'L.,','__jI""'0"'.0"''_j<''0'''.J!JOl D.On 1 ~

~"i,c--If---I---+--+--l-_l~""'lut"""--_If~I_--,- -- 10.:.-;.1--
1----,-<'- 184.8181.6 2.8 100 SILICIFIED SHALESo ------------------i 1~~ '_86.0 W.01 0.01 0.04 <Q.1 ~.I:i <.0.01 0.01 0.00 '::0.01

J-----+--+--t----t----l-~G.,rlly.hard ,_!ine~l lamina.ted. Include II ve!nil or beds of black and f-- ~I_-__1..cl ~'7L."0~"~0~.0~1,---f-'!0~'0~1,-_+-,,0~.0~2,-~<",,0,.1,---+-~2,.4'L+<""0~.0~1'_+--"0~. 0~1,_+--"0~.OOllQ;'t--..c_+"dJcg...~01'-j
if-------t--+--+--f_--!'.-'"~~'.~.~n~b~1A""'cll: liIe:rnentine minor 184.8 - 186.6 ..=-~~ of intersection

+ -t__+__+__f---_--1_'~'__6~.~6~-=_''''87_..§~~nor sulphides, largelz....Hl:!"',h~o~t~it~.'--"~n'-"'..~rp""~""t,'n~.~._II__-_If_-_I--_I----'f_--t---r---t---t-----\----t---t---+-----1
1- -Ir-_+__t-_+__FBC=A-'•.,v~."',....,..,_~2'50"_o_'.__-----------.-----~--I--_l~-+~~+_--+---L---1---+--+--+_---f_-__1---_+----

1

[-__--1',1.0 "".0 '~.O '00 5"""!"'l'I!!9!"'_C_AR!~HAe:TE'-"_:_---:c-cc---,--,__-:_:-___c-_ __::_-_If--_I\__-+-_jf__-+-_j--_I_-_+--+_-+--f__-+-_j-----I
Grey, ~en-grey, largely oalclte, intersperaed ~lth mlnor apple

r+e~n ~4 ~een black serpent!nou8 carbonate in veins and irregular

1"n8&"'. OO"lll has p.p~la.i:' appea~e ("grain ehe" O.5-1.Omm)

ctu4~11 panded (aeddinB7), P~~chy ~or black Mg-aillcatss (?) as w
8~ota, ra~Ly more ~sB!va with pale grey cordie~t4 (?) crystals.

-- .--- -- - .. .. -,.., -~ .._--'-----
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Iinely laminated. hard and brittle, calcareous, numerous thin

and pyrite -quartz veins (0.5 - 4.0tIun thick), ra.rt!ly with

•
Half NUMBER SD14

/.OGGEO IIY: P.R,

I
I

I
1

I
I



•PAGE•

,- • ..."S ~~L-- _M'___ U_~ R.~ Ill....

1""",- ..... I .....1 ',- _<0 ~. 4;~--=,L. .......

F1ENISON LIMITED•

1>----4---1-

29'.6 m. , ,',,,,,,7+,,'OO=- ~~~~ __~_~-!_~~~_~~_~IE ----j---t-----j---+--+---j---i---+---I----f---j-----f---+---j"
1 t __--t !__--t 'I_'~~.l~~::(!__~!-~_~~to a.bove b'llt more cQl1Ipe~".~n~t,._~s.~rp"1".~no:t"1n""•.,.c..!gre"!!.~n-ll--__--l___1---I_--_I_---II---+--,-_I_--_I---I-----I-----t---I-----1

; :-~~a~~!....:~B9-~~!..t..!-_~..!':!~~~~ but VeA near parallel BeAt veined by

very Boft clay veins, aebeeto8 and ca.lcite veinle.t~.~,~1~nC1P~1~aO'!·!·_,--·~---~·---+---I_--t--_I---I-----t-----t---II-----j----t---I---j
I-------l----t---t----t----i/~~~~~i~~..rit;_BN;-carbonate, muBcovito and calc-E1il1catuB (?)

particularly }OO.8 - }01.4m. BCA 20-40° except '01.~ - 307.}m.

1

I

I

'Where Btl"OJ1&'ly foldedl feW' folded quartz veins.

-~ ,- }'
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HOLE NUMBER

LOGGED BY

10

SD14

P.R.

,
I

I
I
1
I

____+__+__+-__I-_--itiI6.2 - 28y.2 Include8 fa..... thin (~~5cm thick) greleen zonee

f- I +__+__+__+,oo'.,','"a=r to apove t:l\1t. without central veins.

I n.o ",Co ''''
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'-,,-,"-"

-



••• 1 r-'"
t \

REN,SOrt LIMITED • PAGE• I,
,

1

C'
! DIAMOND DRILL RECORD HOLE ~UMtlER ; SDl, CAl

LOGGED BY . P.R,
i...

,
I

I
INTERVAL Iml RECOVER'!' %S" IDESCRIPTION FORM.
FROM TO m ... FROM TO lQTAL AtlD SDL. " Cu. % A~. ... ,. ....... ... In. "'8i. gI,,,, ... we , I

CORE. RECOVE <Y
I

1
I --- - --,-.

I. -C-- "'". "Il --'-_.L.
----.-

:-ecove 96.6l'l0.0 ).0 1.9 6) Core over 01. -- 74·" ,
i; J.O •. J 2.0 11 ,

I-- -~ ----

Jl
, .. ) 1.J 2.9 ~)ii ,

"
7:; ~•. ; ,,:0 j! " '00

W 19: J~~~ 2.1 90
!, 52.J 55·) 2.8 ~J I,
" 55.) 58.) 2.8 9)IL . -- ----- -
jI 58.3 61.' ,2.1 __ 90 ---

j

.~-- ._-_.

if- 61 "_'t §'-'-'- 1.6 5)

! I' 6~~! _~1.,- ~-~-~., . 8O, .r" ----- --

t
li__ 67.3 70.3 2.2 7)__

11~--
.. 7O.' ",. ; I 84.0 -- 100

154. 157 ·3 ~- 91 1

f
:1 ;;,: ; 1"1;-:0' lQ.7 100 :.",

=1 '77.0 178.2 1.0 8) ,

II -- ---. -- ,
178.2 161.2 1.8 60 1 I I'!----._---- -- - ------ --_.-----

I181.2 184.2 2.6 81 l!I-- ---,.._._- .----- ._-' ..-- ,--- I ,184.2 _187~~ 2.9 91,. ---~-
1B7. 2 I ".0I 2 1. 2 100

I. '.',',._ ..

" 241.2 2.l4.2 2.9 91iI -- --- !Ii
~.-

244.2 247.2 2.5 8J

"

----._-- --._--
-2',011 • 2 '';6. , 10.0Ii 100

1if
----- -

256.2 ~!1:2 2.1 90
iI

.._---
259.2 262.2 2.6 81

;r-------
262.2 ~~~-~ 2.9 IiL ---

91
I

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

26').2 268.2 ).0 100 ,
" 268.;:> 271.2 2.2 j
it

1J

~~:~i
274.2 1.0 )J !

:~- 277.2 r,--;-:;-- 90

.~
277.2 280.2 2.8 9l

!-"'- ------
--;0.0280.2 i ~1O.2 '00

310.2 ,1,.2 2.8 9l .,
, ;;,:, -,,;.2 '•.a 100

-,I
322.2 52!).2 2.5 'J-- ;'~

_.
'25.2 E~:.3.. ~!' 100

IC"" •
'28.2 '3',2 2.9 97 I ,,-'

I 'l'"i1.2 ',.7.. '6.0 100 ,
--

'C-~)

:~;..;'

'--..,.',)

.. . -- . --- ---, i,--- . . ~- .. ..-,
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DIAMOND DRILL HOLE PLOT ()

•
.HOlIN•••

Cl
U:
C.

I

o
REIHSON tOOTED

HOLE ti~. 5.D14

¥.AG~;;:;rTC S-OSCF.PTTIlIL1'J'Y X 10-6 e.G. S. ID"ITS

M. 1I0LTOli

I
I,

;
"

i,
I

=rn IrS LI:?l'Il "" llS?I'll >S LE?I'il ,:S L= MS LEP1'iI ,;s

~'14 41000 -'94 )2000 .'09 6400 -224 1000 ·'55 <"00* -ll6 '100*

-115 1900 -'95 41000 -2iO 27000 -231 ~,OO* -'56 lOO -l17 '00

-110 400 -19G 4$'000 _211 5000 -232 1000 .'65 ~,OO" ·ll8 -'10.J

-117 400 -197 1800 _212 4400 ·'ll 1900 -278 10D" -ll9 '00

..12' ,10::1* -19lJ lBooo -21l '900 -'l4 l200 -'79 '00 -l40 500

-124 400 -'99 40000 -214 1600 -2~5 lOO -,eo '00 -l41 ~,oo,
-165 4'00- -200 9000 -215 lOO -,,6 1200 -28' lOO -l42 '00

-186 lOO -201 580;::1 -216 400 ·'l7 1400 -282 '100 -l47 """"
-181 400 -202 '0000 -211 7200 ·'}9 ,HID" .28) '00 -l48 400

-'8S 1200 -'Ol 120::>0 -218 1200 ·'42 ,00* -)08 ~100* -l60 £'00

-'B9 l200 -'04 3}000 -21,9 100 ·245 """" -l09 '00 -36; 000

-190 4000 -'05 75000 -220 600 -2~6 JOO -)10 1600 -l87 ~,OO*

-1511 6'00 -'06 45000 -221 500 ·'47 ~'OO -311 BlOO .. Sa.we rElsul t
tor core tr~

.192 12000 -'07 '8000 -2'2 500 -24B JOO -lJO ('00" ,"'T"-'9) '200 ·'08 ';000 -22' '00 -'49 500 -ll' 400

I
I
i
\

I
I

r--. [,U I
""" I~.

",'. (:;,.') •

c;;;· I. , I1...',,"

..--...." I

\
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SCALE,

CLPSSIrrCAJION _ CD~P051TION

• RENISON LIMITE:D

DIAMOND DRILL HOLE PLOT
PETROGRAPHIC DESCR!PTIONS

{C.M.S. REPORT Bl/1/41}
• HOLE No. l EiD 14 r

d
CAJ

o

5.<lm
(1.5. JS!il17) wertz-Tau m lin Roc~. Quartz and olive-brown

lourlrlal1ne 8~horl In v8ryin~ proportions,
8ub~rdln.t8 to minor dr.vita, di81amlnalaa mUlcavita
'18k•••

auarll-Tgurmalins Roc~. Quartl end oliva-brown
Behorl. 8uboralnala dt_vita, aubordinata, 8smi-
Illii1rle! Uc !IlUllcgv! t... Pateny oranglil (tl tan1 feraue scharl).

Vegue contorted to
brlicclatG'a. rellct pellUc
banding. rine-grained.

HornFaleic quartz, weekly
poikiloblaatlc muscovite.
flne...,. to medJwn-greinsd.

Thinly disseminated
lsucoxenlc rutUe. Sparas
relict detrital lircon,
rutUs.

Thinly diaseminated
l8uco~enic sliiIcondary
rut1le. Sparse relict
detrital tircon.

Tourmalini&&d, sllJ~ifi.d pelitic eediment.
~ Mus~ovlte 1& porph,ro-bla8l1c in part

("teurmSlin~88a miCa hornfah").

Marginally horl1feleed, e~lenaively

tourmsllniaed argillaceoue Quartlita ~lth

relatiuely eltarad shaly lnt~rbed8. ~lnor

mil:: ro feul ting.

n
U

11.lim

10J.711

119.7.

153.2111

1B2.1rn
(1.5. J5925)

194.7111
(T ,5. ,PoSe

35926)

Quartz-KeoPn Rock. nne aubpolygonal Quarlz and
laucQxana-at.ln.d ~aolln in nBaI-equant proportion••
Ole_aminated 7marsHall_ (.rta£ pyrrhotite).

Spotted Hornfels. CoarBa retrogressed (muecovitls8d)
cordlerita polklloblBala with 1n18£8t11181 quartz,
tltBnlferous biotite. Disseminated colour-variable
schorl, pyritised pyrrhotite.

Spotted Hornfel1. Quartz and Ti-biotite, subordinate
to minor elbi~e, dissemineLed eerlcitieed/keolinieed
cordlerite polki10bleete, .paree keolinieed
endalueite pgrphyrobI8ste.

Spotted Hornf'l,. Quartl and Ti-biotite with
dlasemlneted to ee~i-meeaive, e~tenelvely ssricltised
cordleriLe, subordinete 1andglu8ite. Dieseminated
e.-horl.

Iremolitic Hornrsl9. Quertz end cor-dlarita wltn patcn)'
trsmollte, eubordinate to minoT Ti-phlogopita,
eporadic microfilms of prrite (after pyrrhotite).

Talc Tremolite Rock. rine-greined tremoiite aa eparae
relIcs In near-ma89iV8 tala. Patchy QUartz, minor
cloudy, partly degraded eiderite.

Talc-Tremolite ~ock. Talc with patchy corroded relice
of lremolite, irregular lonas chlorotiaed/eleelilleed
phlogopitB, minor quartz, disaeminated epalite.

nSerpentiniten. Antigorita with conspicuous magnatite,
.~tensively PYEitiaed pyrrhotite.

Contorted relict bedding.
Semi-pervaaive ~ic8-d8rived

Iltructurel!l in kaolin.

Ouoid, ~illimetric blasta,
wse~ prererred orienlation
diacordant to relict bedding.

RelIct, BUb- to millimetric­
scale sedimenlery banding.
l'Iedtum-grainl!ld, hornfeillic.

Medium-grained, hornfel8ic,
wilh Faint relict aedimentary
b8nding.

Fine- to meoium-greined
hornfelsic. reint relict
eub- to millimelric-scele
rliillict bedding.

Semi-echiatoes with boudineged
quartz veinlets.

Crude relict banding disrupted
b~ degraded phlogopitic velnleta
(- quartz).

Crudely banded. Opequea
interatitial to "Olivinen
derived. ~s9h-textured

antigori te •

Rare pyrite aubhadre.
Thinly diaseminated fins
Bill-eizsd, roundad zircona.

Palchy chlorite (efter
biotite),epsrse ephene,
rare cloudy endeluaJte.

Di~~smineted to conspicuoue
dravite, sparse pyritiasd
pyrrhotile dis&Bminationa,
fUma.

Patchy chiorite (aFter
biotite), heah cordbrlte,
minor trace untwlnned
albite.

Disseminated drauita,
achorl, e~lremel1 flna
rutils. Traces cumming­
tOl1ile, aider1tic carborllillll.

Degraded pale phlogbpite
(P4rtly replaced by talc).
Rate apalite.

Tracee cloudy eideritic
carbonate. ~inor traces
ultrafine rutile.

Treeea ankerltic carbonate.

OeQraded mice hornfele (± cordierite)
aeveloped in arg111aceoua Qu~rtioaa ~ina

eahdy liltalona, ailly ahale intercalatlona.
~'finltiee with S.4m, 36.9m.

Retrogressively altered cordiarlte-mice
~ornf.ls, milu teclonic ove~rint.

Pri~lari1y a weQkly bedded silly 8h81e.

Affinities wilh BO.1m, but slightly higher
grade In albita·apidota hornfela facie ••
Relativeiy conapicuoul metasomalic drevlte.
P8lilmmopellUc~

.-
Porph~roblast. preferentially retrogreseed.
Close aHinithe with BO.1",_ 103.1m.
Primarily a weakly shala-perled qu.rlzoa8
p8emmite.

Te~lural fealurea indicate lramolitisetlon
(+ traces pyrrhotite) pre-dated hornralaing/
minor ~ord18rit8-elderiteveinlate/
pyrilleation of pyrrhotite.

rabric consistent ~ith B sheared/ataetlliaed
tremolite (-quartz-phlogopita) vein.

Thoroughly atestitiaed, phlogopite-vained
tramolita rock of allered carbonate facies
Character (devoid of clastic. altered
ultramefic featurea).

~o definite eltered ullramafta features.
.llhough clearly a 8erpentinleed olivine­
Qr "hurdte" rOck. No detecteble Sn-ph••ea.

I
1
f

..

., .-" • • • "'.-.- p.



Antisoriti~ Marble. Cloudy calcIte wIth ebundant
clots antigorite, b~wctte, sparsely disseminated
fine-grained magnetite.

Steatlt18sd "Serpentinite". Serpentine and Mg­
chlorite wit~ conspt~uous, closely tntet9rO~n

magnetite, patchy telc, tremolita. corroded telice
of clinohumite.

"Serpentinite". Antigorite llIith cart-oded nllica
of humite, magnetite-stainad serpenllnOUB ankerite,
p8IBudomorphs of p)'tol<:sne. conspicucue "primary"
lIIagn8tlte. Patchy lata dolomite yel~ln9.

i

t
1

i

j
I
I
i
.~

SD '4HOle _No.;

Mildly atre,sed. Sstpantinlsed fotatsrite
or humite merbla.

Pagaite aa rare. subradiating. ultra-fine
acIcular clots (aim. 20D.7~) ?Cassiterlte
8S sparse <2 u diamster needlelll In talc:
aggregates.

late sCapolitic alteration of relatively
opaque-rich "serpentinIte". No detecteble
cassitarite. Pageite as ultrsfine acicular
bundles intImately intargrown with
Berpen Una. "\.

COMMENTS

Close arrinitias with 194.7m. Primarily
e humile-pyroKsne (?diopsids) rock. No
detectable Sn-phases.

Originally B f1ne granular "olivine-p~roxan."

rock (?humite-diopside), pervasively serpent­
inised. No detectable Sn-phasea.

•
Trscee pyrite.

IntersectIng filma of
ankeritic carbonate.
Locally conspicuous
pyrrhotite, Chalcopyrite,
pagillte.

o1.CCESSORIES

Rere lats magnetits
\/einlete.

~inor corroded relice
diopside, treces
arsenopyrite. ~inor

tracee pageite,
?cessiterite.

~inor traces ankeritic
csrbonata, microscopic
pyritised pyrrhotite films.

RENISON LIMITED

PETROGA~PHIC OESCRIPTIONS

(C.~.S. REPORT 81/1/41)

~

Similar to 194.7m, but with
relics or coarae, lath-like
humi teo

Irregular to crUdely banded,
fine-grained. Serpentine-rich
ahaars. Polkilitic eC8polite.

Granular relict ~umite ~ith

fine ecicular oPaques. Semi
-achistoee esrpentina-talc­
tramolite.

Incipiantly schietoee with
patchy, faint ralict "ollvine"
snd pyro~en8 teKturea.

~ililmatric scale banded,
medium-grained, grenu!er, ~ith

olivine-derIved atruCtur8B in
serpentine.

DIAMOND DRILL HOLE PLOT•SCALE,

CLASSIfICATION - COI'l~OS[TION

Scaoollte-ehlorlta-I'laanellte Rock. Near -isotropic
chlorite with disseminated to asmi-mss8iwa
scapolite (dipyre). patchy fluorite. serpentinite.
Abundant magnetite, patchy sulphide.

"Serpentinite". AntigorIte with patchy, chlorIt1eed
phlogopite. sporadic flakae brucite, diBsemt~ated

epongy aggregates msgnetIte, Bemi-mesaive films of
dsrk sphalerlt.a.

200.1ff1
(1.5 •• P.5.
35928)

209.301
(T .5 •• P.S.
J59JO)

SAMPLE NO.

196.B",
(T .5•• P.S.
35927)

202.71r!
(1.5., P.S.
35929)

115.9..

o

,
:

rl'··
t ; :~; .

I

237.:5ln
(T .5., P.S.
35932)

Talc-Carbonate-Phlogopits Rock. Celcite wit~

eubordinate, closely intergrown talc, disseminated
coarss flakes pala phlogopits, diseeminetsd fibroua
acicular magnetite.

~eekly bended. 5irdlar to
215.9'11, but cOBrser-grained.

Patchy corroded relice
olivina, pstchy antigorite
(corroded, replaced by telc),
Ilvaite, hemetite.

AffInities with 215.9m; "olJvlneM appaars
to ba forstsrits, but poorly resolved due
sizing, hebit. Ilveite locally conspicuous,
hemstite after magnetite.

237.8111

252.4111
(1.5. 3SSlJ4)

Phl0,oplte-Carbonate Rock. Calctts with aubordinste
closely intergrown talc, disseminated coarse flakes
pala phlogopIte, disseminated fibrouB acicular
magnetite.

GraphItic Skarn. Cloudy diopaidB, phlogoplte,
subordinate gro88ular-andredite. Semi-pervasive
late poikilitic epidote-clinozoisJtBI consplcuous
fIne graphJta.

Coarse, random phlogopite
interspersed ~ith ellicai.
eami_psaudomorphous
Cerbonete.

Relict, sub- to millimetric
banding psrtly obliterated by
epidotiaation.

Ultrafine secondary (7hydro)
garnet, minor traces
antigorite.

Patchy hornfeleic Quartz.
relict tramol1te-actinolite
(corroded by phlogopita).

Vague teKturel affinities with '96.B~ 8uggeet
carbonation of phlogopite-humite_diopsida
rocl(. Weakly stressed.

Carbonaceous calc-pelite, skarniaed to qarnet
-diopside-tremolite essemblage. aubseQUently
epldoti8ed/phlogopitisad. I

309.5111
(T .5. 35935)

AltetO!ld Skarn. Oiopalds and thoroughly serpsntinised
?humite, minor gernet. Petchy talc (1after tremolits).
Disseminated pyrltIs8d pyTrhotite, mInor ephalerite.

Medium-greined, granular with
relict sub-to millimatric,
microfoidad banding.

Tracea graphita. Affinitiee with 252.4m, but wIth metesomatic
assemblege analogous to 194.0 _ 210.0m zone.

3:51. Sm Quartz-MicB Hornfels. Quartz end IDUecovite in varying
proportions wIth conaplcuous colour-variable schorl,
minor dr8~ite. DiseSminated clota of anksritlc carbonate.

Mediu~grained, hornfelsic ~ith

relict p8ammopel!tic banding.
Minor traces pyrrhotite.
Spsrss relict detrital
zIrcon, apatita.

Affinities ~ith 5.4 - 112.3~ lona.
Hornfalssd, tourmaliniaed, shale-psrled.
quartzoss, argillaceoua Biltstone/fine
8and8tOns. I

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

313.4111
(T .5. 35937)

I'h.lscovite quartzite. Overgrown relict detrital quartz Ralict medium e8O"ldy clastio l'Iinor echotl, drevite. Graisaned orthoquartzite. Areenopyrita
~ith abundant intergranuler muscovite, minor serIcite. fabric. o1.nkaritic carbonate. Sparee introduced in v.inlets with csrbonate,
Speraa pyritieed pyrrhotIte, chalcopyrite di.se~instIone,. _ _ ralict detrItal zircon. quartz, minor echorl.

.".nopy,". "'... AI""",\-~~ - c.-JL~ U c.. ~«"'-'.l'.( "","",~K. W «Iv., ;,.....k~ ,~ ~~ p.... «4.f Ic.....,l.i'L<.

-----..._---_.--~-

I,
I

(-
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rISON LIMITED - DRILL CORE RE.RD

HOLE NUM8ER 1iD15 ~··_--D~~~-I~~~a~;:~--~--D;P-- from - To Di5larltil r-----:-_".:~Tl~~~,___ L-~~~l~~~_~ _~!
D D.S.n.D,p R_L. O,Co,.D'1l P";>g. Total r

!~- -(~) : (Al'C)
--;---To test akarD zone at depth a.t eal!ltern I 162.,· _66" IIPURPOSE end of H.L. 17MV62. I COLLAR , 0-22·5 22·5 20.6 2188.6 9.2 9·2

~--

!I45.0 11'<> -66" 22.5-67.5 45.• 0 41. 1 2147.5 1B., 27.5
9D.D 171.51> -65.5" 67.5-106. 39.0 55.5 2112.0 16.2 41.1 IfLOCATION St Dlzier 123.0 172° -65" 106.5-142. 36.0 32.6 2079.4 15.2 58.91

162.0 175
0 -65.2" '42.5-177. 34.5 51. J 2048.1 14.5 7l. , I

OOLl.AR RL 2209.24 192.0 175.5° -65.5· 15.6177 .0-214. J7·5 34.1 2014.0 89.0

2H.O 175.5"- _65.50
214.5-256. 42.0 38.2 1975.8 17·4 106.4 Ij

COORDINATES 556JJ57.69R '45324.411: - .""".-276.0 75.,"( .\ -65" 256.5-290. J5.5 30.4 1945.4 14.2 '20.~r._0_'.--

J04~'!-ti ~5' 1916.9 1Jl.9 11290.0-}21. }1.5 28.5 1J.J
LENGTH 422.Bm

;}21.5-}54. }}.O 29.9 1887.0 1}·9 147.8 II}}9.0 176" - -65'"

0- }m HlI 370-~O '173.5° -63;' , J54.5-J89. J4.5 30.7 1856.} 15·7 16}. '5 Ii
HOLE SIZE 3 - 2}8.4m BQ .\ 408.0 W(rodS) 62.5· 1389.0-414. 25.5 22.6 183}.7 11.8 175. }

,
238,! ~_41?_,..e''--JR r'r'b1••.

"421.0 167'"' -65 414.5-422. 8.J 7.4 1826.} J.8 179.1 1!
DATE DRILLED 22/11/80 - 19/12/80 ,I,

f---c--- -- ---·t-·i'-2io-ioea-bet,;,,-een70.4 - 7b:4ID :1SIGNIFICANT CORE 1.3m loss bet~een 286.4 - 298.4m

iiL.OSS ZONES 1.9m l,?se bet~een 379:,! _ ~a'l:4.mf-----
,

ORE ZONE GROUND I'
CQNOlTlON5

i

P. ROBERTSLOGGED BY

The hole intersected 98.4m of skarn and cerbooate between 249.4 and ,47.em including a 51.8m magnetite-rich aone near the bangingwall contact I
I

(1•• , s1mil&r to SIl14 but thicker). A large interseotion of granite above the ak&rn (129.1m between 111.0 - 240.7m) W,8 unnpeotlld and i8 I
COMMEI'tT5 'I

probab17 a continuation or granJte enoountered at the bottom of SD6.
"i

I
SUMMARY - ASSAY DATA

AVERAGE WEIGHTED ASSAYS

IIlODE NAt,tE. FROM TO LENGTH Acid B.CA.
Iml So.

Sol Sn. c.. A, S. ... Zo. Bi. we, Ag 11'1
- ,

,
, ,

i

Ii
IiI

r
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RENISON LIMITED

DIAMOND DRILL HOLE PLOTSCALE •

PLAN

HOLE No $D IS
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1.6 100

-

•

Thin a0ction 41.5~.

SILT$'I'ON& TO l'INE GRAINED SAHDSTONE

P1nk1ah brow atl4 na.le ~Y. 'bedded,

I'tEI'lISON LIMITED

DIAMOND DRILL RECORD

~.

where pinkish dravitized(?).

•

'7I'I.1I <11.110

~ C",",: ...._ ..._

<1: .... ,

PAGE

HOLE NUMBfR

LOGGED 8V :

..•

SD'5
P.R.

...
.-.--, .,-~-.~....,., -
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DIAMOND DRILL RECORD
• PAGE

HOLE NUMBER:

2

""'5

r-
! ',

I
f
I

Thin eeotion 92.4m.

--

LOGGED BY : P.R.

I
I

I



n, I, !

• RENISON LIMITED

DIAMOND DRILL RECORD
• PAGE

HOLE NUMBER

LOGGED BY

J

SD15

P.R.

r~

i

% Aa. '5. %Pb. 'I(, In. 'lli 8;. I all Ag ,WO

.'J .., .co.•• 0(0.0 Ct ...... I cOL-

-,- """"- • Ol.-,. ,
'~~II."!. •

e .• ··2n. I ....

--
---- .~~~~,--~--------~'-~+---+~-I

_1f-_+__I_ Th.,ln BeetloD 101.2:11I.., . ._, *-__+-_--+ -+__+__+_~ --f-- --+---+----f----+---+---

IP'-O. _ _ 1Q'\.a~ (",01_ ~O·ClI_ I)·Oilo __ _<0·1-- CH __ U,ol_ ,g,Dt-_ g,Ow

"ML " .g,Olf -'-- ."rt
, ....

, " "-- J""l-
, ,~ ·ft1-_

f- .;~ ~.fl_'6~1~.4'i_-'00~_tt-BIO'I'ITE GRANITE

_ __ White, J~~_'_"_~~_~~~_._._gre__y~~~,_~~i_:_e_,_!~.n_._t_o_IIl_~~.~UiJl"-'gre,~:::icnc·~dc.,'""-_l_--_!I_--+__--+--_f---+_--+--_f---+__--+--_+---I----+---j
co~prieing quart~, feldspar and 2-5~ biotite (locally up to 1~).

---t--I--+---+---+l-...:.:::=="----'-=~ -=-:-=:=-=-.=-=-=---=-'--+--It---I---j--I--t--j----jf----I---I----+--+--j-------i
1-- -f__-1__-It--_-1___fl--cPc',a&iOC18all cOllWOnly pale yellow lU'ld weakly argl11Jzed. 1l:1~O:t~1~t:.~--iI II---__+_--_+_-,--1I_--+--_+--_,I_--+_--+--_/---+_--+---1

plates generally exposed on edge in core. Minor mlcropeg:rati te in

irregular manee (2OCIll. long, consisting of ooarse crystals of

quartz and feldspa::t', minor tourmalinB :!. V8I')' lIl1nor fluorite, pyrite

'c
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SD15

P.R.

PAGE

LOGGED BY ;

HOLE NUMBER

•RE'-IISON LIMITED

DIAMOND DRILL RECORD
•

C;l

F-~~~""~~=ee~~'lF~""",,~~F~~~~~~~~~~~~~~~~~~~~~~~~~T~~F~~~~F~~%"'"S~".~~F~~~~~~~~~~~~~~~~~~~"l ~~.~..
. INTERVAL Iml RECOVERY DESCRIPTION FORM. 1-c'CC~,--.,-c-+c-cc-::"';'___-c--c-+-c--,---,,--,----:-,----,---r,----,---j;1: ~

FROM TO m " FROM TO TOTAL ACID SOL 'llICu. % At. %S. %Pb. 'tOZn. "'Si. fYlAIl %W01

f 1
, i
1 '
i
I
!

f-----~H-~--+-- - r--'~------~-~-- ------.-------+--+-t---+--+--I----f----+---+--+--+--+--+----i
.- ~ 'H~4... 2~I ~L_.'_QQ_ ---"-RAlIITE-~---------·-_·_---~-_;_--+_-__It--t----+---f_--+--__t--+---t--+__-_+--!f_--+------j

t_-.c..,,-_-,-) __t~~__I~~__It_-__I---__jf_C",o-a••r~!-!~_~!!~~~_~!'!.~~~P!:~~!!.¥!'.._~~_~_~e __o_~__pale y!!!}~~_t~~a.kl'l -1I~--If__~~+_~~+~--f_~~+~-+----Cf_~~+_~~+~~___1~~~+_--+--_1

!---- - +_--If__--+_~~_Ii-~E&'~~~i:;':lildJf~,l~-l:Ip_~Il-' __~~~-!".!~..!.-~-!.~~t ....~)~lack~<!!~_~l'l~ ---I----t---+---i---+_--+--__I---t---+-----I---f_--+-~__j

____ ~_ _!'linor ( ..... 10;( CJf ~~~e!.~_!~~_~_?!'.L~_~~~_~~~_:;':_~d __gl:a:.nl~~_~?~t})' ~~2.~ ----1I--___1L--+_~-+--~I-~~+_~~+~~___1,___~~+-~~+~-__j---t_--_j

T *__~+--*---f_--If__-".:lC5,o."'cthick ~ tl1!=~~_~_~~~8 deIlCr!~~~()~~L_~.£.!19~_~-!-ing,__'O"f'_'q,,=~~r~t,',.~---_1\_--__+---f_--+--__+---f_--+--__+-----If_--+_--+---f_-----j

e-------- lllU8COV i te ! Berici t!--'_~~...!~!!..._p_~~,_8?!D".••_'w,t,t,h,_'th,"i,n"'_',.n"t"ra""''_'.".'1'""''------II---+--__j---+_--+--__j---+_--+--__+---f_--+_--__j--___1
, of pyri ts :!; quartz ! ~~l1ne !: araenopyr'-'-'oto··_'''''''='--'v,.,1n=',.~t~oOl"'oyc;'______1f_---II---+--__j---+_--+--__j---f_--+--+---f_--+_--__+----j

vein and contact ~leB 30-50° to o.a. Belo~ 185~.~r,."W'--'t,h=i""_'tonrma'"~·f'"""·'---_ie_~~t_---+--~_+----~+_----+---_+-~~e_----+_--~-+----___1e_---+---j
_____~t +_--+--+_--+--".".,i""'"-'(cm,o".ct"'~y--"'cl,o"m-'th,.i"c_~)in t ....o eats (VCA' e 65

0
• 40

0
• average)

f_-~--__f---__1---jl_-__1-~__1I_'.."".-ra""C.'--~ounnaline-~'t1nodules. In places very many tiny 'White
craaka throwrh gran1 te but core generally competent. only broken

alOM infrequent jointa.
.

.,
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PAGE 5

'to PD. t; Zn.

HOl.E NUMBER: SD15

LOGGED BY: P.B.

%s.TOTAL ACID SOL. " Cu. % As.

'lb 5n.

•
TOFADM

FOAM

--

DIAMOND DRILL RECORD

DESCRIPTION

•
m •

RECOVERY

FROM TO

I~ERVAL Iml

t=~ 1--0--\--1---

,f---_-J~---J---_If--+--1f_~1~9~~-~J~-~:~.4'~O~1~·7<,.C__~~·_~~C~~~;ilcuon 1~-~~~_~~~~_~~O:~~_~~~::.~C2.ua=rt"'1I_-_'1~1 ,,=.,~...<'-j;~I ...."_ "--j-,U8L __."'l:l_ ..",'-=-L- __Q-'-'. 1lU1- (9,fi.....- p....9_~+-<.l_~..."•.·0....-+
-C-----jl---j.--+--t--_'11_----0 - ~_B~_l:J':i_t~~__~~~r bla~._~~line a.n~~_~ricltil. One aJU,'" """ "'''4-'.'1. ..0 I ".~.. .. "

thin ( 'mm) veip of arsenopyrite - quartz _ pyr!te I

II-------jf---+--f---f--"-~-------- --~t"2oo--:-~~ci 450~ ------- -~.-..
-- ._---- .._---------

I

n

-.------------ ---------+--If---+-+--t---\--t--t--+-t---t-I---1-----j

I

0.""+.<.L-+9~"'-

"

~o __

'-f'
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PAGE 6

LOGGED BY . F.R.

HOLE NUM8EA SD15

--I~-II--I--~+--+---+----1

_~---"92_ " l?-.·L1----
0.02 " 0_,'__

0.08 4·1
0.1' 0.06 1.8

0,01 4'.01 0.3
0.02 0.8

(0.01 0·5

" 0·7
0••6 3.1

ko.Ol 0.3

" 1.'

% Cu. u, .s % Pb. 'lb Zn. 'Irj, 8i. lVI Ag 'WO

~:oy__ __o(••l~ .,f- -"HLJ9A- ,,"PO'" I "',,--1-
_lII·Q{"_ " -".,- " -".~ P,OIilJ .P.OL

------i--e---f-'' +---j-,,-- -------+---j--+-----I

•RENI50~ L1,",ITED

DIAMOND DRILL RECORD
•

,,1ol1! tl:I1c)l: (VO. 0-'0°) aM le88 coamonlJ' dlssem1na.ted, minor 270.0 0.2) O.H II 0.01 0,01' l! 0.02

--, -- ----------- --------jl------II--e---f-----I-----II---t----t----t----t---"-t---"-t---"-+---j----
Thin "act!~~~~~~_~,. , ~----t--t---t---j--+--f----t----t---l--+--f-----t-----I

'1
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green serpentine veina, posy micaceous patches. Be! 30-}5°. Fe... 1'\1''''

j
I,

I
I

\
I

I
1

1
I

"I AI .wa
2 a.07
, O·9L
2 o,o~~ll
2 Q.l(,'l __ I!
2 O~I:!_b_,

'~L

PAGE 7

HOLE NUMBER SD1j

LOGGED BY : P.R.

~ PD. ". % Bi.

<0.01 0.02 0.013

0.01 0.0'1

" O!Q!5

0.11 0,.005

0.02 0.022

<0.01 ", .~ " .0< ~... 0", •. , .. OQ.LI+

.,., ••• 1.o_QO~..• 1".0\9.. ' •. , 1•. -

" 0 .•' .- 0.0••

----- -~

•AENISON LIMITED

DIAMOND DRILL RECORD

OE5CArPTlO~
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P.R.LOGGED BY :

PAGE

HOLE NUMBER

'S. % Pb. ", % Bi.

n:.L_~ULf-<UL .a.gll

-----..!.I~~ 0·0\1-,.. ,,·PP'L

.I,J " " .o~.. , n.QII

H " ..a.OII.

--'.ell llLO.ll

__~·1 .,
".99

•F1ENIWN ll ...JT(D

DIAMOND DRILL RECORD
•

1

f
I

+_---j-----j-~+_--_t_---+--.- t---+----j----j--_t_-_t_----t---

--+--If---- - -- -----------:-;--,-----,--------,-----;--,,----+--t----+-+_-t_-+-+_-t_-+-,~--t___+_-+_______I
Lower contact marked by Boft broken zone - micaceous and calcite

~---+---1---;;i;;-;d rock-:~--··_--- -="'--==:.C---II----·I---f--- [-----j---- ---f----.f------+--+---+---f------j----1
--1--+--- f--------- ---------------------

f--- +,'-'-45".'-'.6 :546.9 _--"-"",-+_',,00-'--1- ~~LICI:FIED :;RA~~~!J~ . _

__-1-__-jf___-_+--+-\/h...l~t~.,:-"~""d_-"':~~_~~!!_~e-.!~~-~~!Clf-~~~.~!'!_,~~t?.r_.pJ::~ein v~~~e~t:l---f--+--+--_+--__+--__+---t--__+--__+--_I--_Ir__--f___-__j
_____ ---~--+--H---~~.~~~s_•..~~ ~_~!!'~~-'?_~n dolo'lJ !~~46.6~ dark_s:r_.~...n,-".~n~d _

t-----+---+---It---+---~ _~_hlorltlzil,~{!tbel~... t~~_p~~~~~P.!!~~l1_~!:_~~_~ked by myrmek~t~t'tl -1- j--- f---_+--__+--__+--__+---/--__+--_I--_I'----f___-__j
texture (elongated quartz grainB in feldB~Br matrix), contact angle-----+--+---11---+-- H-~-750--~-~~~-:"i.~:-B_;-·~ontact~.ked by Btrongly pyritic country rO~C~klf----1---f----j----j----+---+---+-~+--+--+--+--·+--1

(~6~ pyrite over 'Oem) contact angle -500 to c.a.

CALC-5ILICATE(1) "IlI'.~ I 'iI.V.1l IlO'll' D.II1 D 11'1 LII.I

KoUled. ,p'eJ'-sreen and green18h white. calcareouB, minor Bulph1de

-:..~ --
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INTERVAL Iml RECOVERY

PAGE 12

... Bi.o In.

HOLE NUMBEA SD15

LOGGED av: P.D.

...o Cu.

~ Sn.

TOTAL ACIDSDl

•
TO

RfNISON LI ... lTfD

FROM
FORM.

DIAMOND DRILL RECORD

DESCRIPTION

•
omTOFADM

rl
I

11-- -jI-__t--__i-__t--__t--c4~OO""',;.I..;-'d4.0~1.'~2'_'~~_~!_ ~~~e~_._~_~~! _~~_~_tlit~t.~: __UE.P.!.r_..:~l1t.ac'_'t ~__C~__jf_-~f_~~+--_+---t_~-+--_+~~-f_--+---+--__j---+---1
mark~d by reduotion in biotite content downwards, con ~~

~ T --+--It--+--I----.---- ~-~]" ... 'OO~'t~- ~:-~:--------------------- ------ ----+---+--+--+--1---1---+---1---1---+--+----1
~- J--' ---+-4---j---i----- --------------- ---- -----.--
'f-- ' --------c-c---- ------ -------
1,'~,-----+--+--_It--+--_+--'4~'=1=,~6'="-~4""~2~,~OGreisan, greenish ,;reI. comprie11lB' quartz, muscovite,
I sericite. minor pyrite, to~line. Includes 100m
ir-----"1---+--+--t---I----------,arSl1l1:ted granite and a 1::~~;1-;;~ ·t~~-l-1ne-----II---+--+--+--+---+~--+---+---+---+---II----+I---f--_ji

!L. ar8eno~it~~ at- 411. 7m (veA 70°). ------ +--+~-f_~_j---+--+---f_-_j--_+--+--+---f_-__j--'--::

~
j,

I
i

1

I

----II-----II--I---+--I__-+---I~-+_-__+--t---+----cI__-+-___1.

i r--------+---r--II__-j--­
j---

--- - --I---If---+---~-:l I-__-I-__l __-I-__-1-~42""'_2C,,,6~~='1~2~2._!_J,tQuartz-lDWIcovlte-Berlc1te grelSBn.

..!1.!.i.a..L ~z and coarse brovn-black sphalerite vein, 10lll I
:~ ----~--- -thlck~--vcA26cr:_-----'--'---- -~-,,_._-- -'-----I/---I---_+--+--+---+---I_-__j ---+----I--+---f---+1--11

Ili,.~I------f'---+--I---+--t-~~--12---·--==~~~p-~·-.-E-~---_'--t~.--~-~-~-~-.-__~---:~-_~-_-_e-~--u-t---5---8-mm--th---,-e"'-.-v-C-i.~l'ie=~~~t=~=~~~~~~~t=~===~~~==~~====t=====~====t=====~====~=====t=====~===j~ II

~---_--i-~-+--+_-+-_+--'41~T-? -'l1~d_ Qua~_z_-:~_~~;-,.!~.e~~~,!:~.!- central tourmaHn=.c...:v,.,tn.,.,,_+ --__jI_--f__--+--_+---j__--+--_+---f_--+---j---__jc-~-+--__1
--~~-t~~~~-----._--.-._.--------- ..-------_1--___jf_-+--f_-+--+--j--+--I----+---f---j--+-~i i

'r----4----~.~-:.-:.-----II----_-_-+----II---'-,-7-,-,---41-7-,6-_-=:::u~~:'1::=~~~:-.gran--m-;-n-:-:e-pyr-.-n-~:-t-:-.-:-.·-:aCi-i--4)n-;"-·-tn------=-+t=====j;=====lt=====j======t======t=====j======t=====~t=====j======t=====j;=====j=====.~: II

. -- - ·iic------J------i--+----+----+---+----+-----+--j---'-----f-r---+--+------ I--- ------- ---~-~~~~.;;p.lt~-~l~-B; ~--thi-c-k -;:;:t417 ~-)n-~-VCA 70°.
r-----I-----t---t--+----j------- -0- ---------------- ... ---- .-------- ---+-+-+-+--t--t--t--t--t--+--+---t-~,,

lr==--- - 418.' - 4_1~.B Quar_t_~~~~_co-;ite-=~--;;kit-;-~~r~!~~-,i~~e.~gre~-~~1~'-'~-n~-,~--~:-----------:~--------~+------:--t--------:t------~----+~-:-------+~----------+I-----------+I----:---=-+I--------:-~+-----:---~j_-------:-~t------:~ f
It------~ ~~~Z~~C~~7~:i:=:~_=1~·c·=_~+----j--~--c--t----+---I----~---+--~__c--t_--+--~---t_--_+i
I:,., ------ -------------~--.. -:..=.c..:.:---=--:....-+---t---II---f--+--+--+----t--+--+---t-+-'---+----11

-----------.,.--,----__c-------,---,-+----II--+---+---+---+---+---t--+---+---+~+---+----I
Granite argl111~ed around above greieen 10ne Includi~

I,:., 1__ _ -- - . ----. ~-l~t;:;~e___;~gOll~;tl~-(~~z7~~it")-4~1"7c,~a-----c4"1~a-,~1-en---cd--c'll--~--i---j----j----+---+~-+--+--+--+--+--+---+-~-j!
--- --1----11---- ----- -----41a-.8-~418:'·~:---

-- --- -------- ------ -. --.---------- ~___t-_+__-+____/-_+-_+__-+__-_t--,-_+-_+__-t-__t---+

if----+--+---If.---I---I/-=~--"420.9 - 42~;-o~i~Ck-~hlorltic(?) and argillic alteration zone
~---=------,-----jf----Il----+----+---+-----I---+--

croBBing core at 15° to a.a. »rokea along smooth

Bl1cll:enllided fractiU"e Burr::.::':.,....._~ ~ __II--__jf__--j----+--___j---j__--+---t-__j__--+--+-- j__---j----+

t
J

I
I

'1'hin ".cUons 401.9. 418.611I.

____~-_ _+--I_-+---1-=""'=.:"'=-=BOLa 422.em.

f__-----f---+--1:--+--+------------------~----------------+--+--+---+__--t_--f__--t----t---+---t--+--+--+----1'I__---If---+---+-~+_~+---------------~--------Ij___-_'l__--f--__+---,JI__-+-~+---I--t----f--__+--1--+---jlc;

', •. ",: .. ,~_."

f------------t------+-'--I--+----+----~~-~+_____+_____I___+__+--+---+--___+___+_--t----+----+--+---IF~
f~~-~

, ------ ._--,--:",,~- --'it"'. ~~~'-
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• PAGE

HOLE NUMBER, SD15

LOGGED BY: P.R.
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f C.H
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I

I

I INTERVAL 1m) RECOVERY % Sn
, DESCRIPTION FORM. I-:::=cr--=:::-----e=:'-i-==+:c-:---,c:::-c-,--::c::-r.:-::c,=::-,:c-:---,r::=-r::-:::=-!
i

l
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CORE m:::OVill-- ----;--+-="f""""""t--t-----1---+-+-+--1
'1-----1'--.. ----- _REO' ---,,"----1----1-- f----j----j----j----j---+--j:: ...i..,_J= o..q._ ~.o 2.4 80 Core recoveN Qnr hole _ 4H,2ml{(n.N
l.- 1-';.0 61,11 "8.,'1 100 :

'----I----l--fl---+--+-------------------------+----1"., 6,.' 2.6 81_+_-+__t_--+----If--+---+--+--__1!.[ 6,_, 170.' -6.0 '00 i
[-----t----l--'l--+--+-------~----------------+------110.' _n.,'.' -- 60 -f----1---f--+---+---4---+---+---- II
! 6 61____---t__+-_+-_ __1_~__I_------------------------__1_---l7l.4- 1.4 2.0

76.' 'lB.' '6'.0 100 I
:- t__+_-II_-t__t- ~~--_12l8·'1-241.' 2.1_ -9:0'-----+__f- _ __1_---l--+----+---f---+-.-..- 'I'

~ --j--+-------------------'----------'l----If-':":::: ~~~-t-~--,I-':..~-o==t====t====~--------:---------+-~---------++_-----:-4+-------~:---------1_+ I
l
i- 247.4 250.4 2·5 8}

------t---+---I---t_-+--- --·--~----------------1---j-°2::S0_'2si.'- ':9 -:9:"7c=~_=';~~~!;~~~~~~~~:~~~~t~~~~t~~~-=';~~~-=';~:~--+

253.4 256.4 2.9 97 .---1---I---f--+---j--__1_--+----!-----+1---+---+--- .-.. -- ----·--·----------~-----------1---+256.''59.' l-O 100
f--.- -----~c-

1[ __- __... 259.' 262.' 2.9._ 91 __+--+--t_--+-~f_--+---+--+-__1
_ 262.4 265.4 2.8 93
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__ 1- --1 __-+2_8~~~ ~_~_.~ ~._8_ J3,_--+__+--f---+---+-----+--+---+----I
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1- ------If----f------1---f----t--- -------------------t----I'Q8:-' 'n.' 1'.0 'oo-~I--t___-+_-+-+-_t-___+~___1f------I

I
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llEPIIl MS DEPTII MS DEPl'lI "" IlEPI'!I "" DEPl'lI y.s DEPl'lI MS

0-111 -'100* -264 65000 -279 54000 -294 100 -309 1600 -3l3 .$100

111-2}O DO -265 9100 -280 lBOOO -295 11000 -310 5200 -3l4 500
readings
(gran! to) -266 52000 -281 41000 -296 43000 -311 3200 -374 '::'00--

-252 "00* -261 4000 -282 38000 -297 41000 - '12 2300 -375 300

-253 10000 ·268 91000 -283 100 -298 18000 -l13 1100 -l76 200

-254 6000 -269 56000 -284 200 -299 64000 ·"4 1800 -j)) 500,
-255 }Ooao -270 '400 -285 44000 -lOO 28000 ·"5 2400 -H8 200

-256 14000 _27' 2000 -286 1200 -jOl 32000 -3'6 ljOO -379 100

-257, 26000 -272 52000 -267 18000 -302 76000 -326 ~100" -l80 400

-258 61000 -2n 2700:1 -288 36000 -j03 76000 -327 500 -384 "00·
-259 ooסס5 -274 29000 -289 35000 -304 60000 -}28 "00 -385 lOO

-260 56000 -275 4'000 -290 400 -305 57000 -329 200 -366 "00

-261 26000 -276 2)000 -291 jOOOO .}06 9400 -3jO 100 -387 500

-'62 2100 _'271 2)00 -2'92 27000 -j07 '600 -l3' 200 -422 ,,00*
-'6, 33000 -218 2400 -29' 3400 -j08 ooסס1 -332 BOO .. Same nlNlt for

more than
1 malt.n

:
••

o

n, I
U

SCALE,

HOLE NO. SD15

• UNISON LIMITED

DIAMOND DRILL HOLE PLOT

REN'ISON LIMITED

•
M. BOLTON

HOlE ,No. 1 r
c..,);
~.;; .

1
I

1

I
]

1

I

----'----~-----_ .. -_. --_.--.--------...----.... -----,..-'



quartz Dravita HornFels. Quartz and dravite in
yarying proportLona with Bubordinate tQ minor
IIIU8COllltB.

~etrogreB98d Hornfels. Sericiti6Bd pyrrhotite,
kBollniBod 7cordierllB, subordinate querlz, patchy,
pala cummlngtonitu. pal a phlogoplte. prlitiaBd
pyrrhotite, ankerltlc carbonate.

j
j

!,
"1

I

[
.•

C)

Ic..n
c,;

HOlE No.: SO Hi

Affinities .. ith 15::5.2, 162.1m fechs in SD 14.
Staetiliaed ?talc-tremolile-diopelde rock,

Cl06a affinities with SD 14/5.4m, 36.9m,
but more distinctly hornfalsed.

Thoroughly ailicified, nornFelaed
f.ldspalhic pssmmita with patchy metasomatic
tremolll9, phlo~op!ts, elm. 78.2m, 86.71/1.

Ralict ,alitic bedding. Clos8 efftnitiae
with 78.2~. Cummingtonit. lste malaaomelic,
introduced partly with vein-qusrtz
(-carbonate-pyrita).

Hornfelsed siltstone. Tremolita ia
mstasomatic, procably after disgenetic
carbonate impregnations. Bedded
(racrY6talilzed, oyngenetic) 6ulphide,

•

Traces sideritic carbonate,
sphene, drevlte. Spars.
relict detritel zircon,
rutile.

Treces drevite, minor
ankarltic carbonete.

Sparee, clOUdy fine rutile.
Sparee relict detrital
zircon, rutile.

llCCESSDRII:S

Conspicuous, extrsmely
Fine, cloudy rutile.

~inor traces Bnkeritic
carbonate, poikilitic
dl'"9l1.l.la.

P(TqOGR~~HrC DESCRIPTIDNS

(C.~.S. R(~DRT 81/'/41)

Quartzitic, medium-grainad,
reint relict deformed bending.

r!ns-grained, hornfels!c, with
poikilitic amphibole, phlogop!te.
~lnor quartz veining.

rine-grained hornfelsic with
relict millimetric-scale
bedding.

P1edium-greinad, faintly direclad.
Petchy, vague coarss semi­
pseudomorphs (lslc sfter
1pyroxene).

rine-grained, hornfelsic, with
tBli~t pelitic bsnding.

RENISON LIMITED

DIAMOND DRILL HOLE PLOT•SCALE,

TrBmolita Quarlz-l"1ica HornFels. Quartz and pala
tltanlferauB phloqapLte, Bubordinste closely
tntBIgrown cordiarite, disseminated poikiloblastic
tremolitB, fine pyritlaed pyrrhotite.

l"1ataguartzite. Anhedral/weakly interlocking quartz
wIth relatively minor included intargranular
kllolinlt1c elkali feldspar. Pal&hy l.remol1t.a aggregates
and ehloritieed phlolopite.

P~lo'opite-Tre~oliteRock. Pale green phlogoplte with
patchy, couoded aggregates of tremo.1.ite. Patchy talc,
spane, partly degraded albih, thinly diaaamin.ted
pyrili8a~ pyrrhotite.

CLASSIfICATION - COMPOSITIONSIl.fI1PL[ NO.

41.511I
(T .5. JSIiI38)

78.2fq

10'.2lR
(T .5. 35942)

1 0

!
I

~ica ~damgllite. Cuarlz, moderately sericite-stained
obligoeIa,e, incipiently kaolin-stained orthocl.sa­
microperthite in near-equant proportions, spsrse
Ti-blolite, rare mU8couite flakee.

Uneusn-gralnsd, granitic lo Minor chIo.ita (after
locally subgraphic ("granophyric n). biotite). Traeee parUy

metamict moned te. Rar.
pyrite, ?chalcopyrite.

Typical charactsritaitca of N.~. Tasmanian
"tin granites". f'I11dly greiaensd. Sulphida ___
i8 ulttefine, associated with chloritised
bioll te.

Cioss affinities ~ith 11S.1m. 1'l1ldly
graiS8ned with mueeovite after plagioclaae,
pnlogopite sfter biotite, topaz. Topsz i.
late-, tourmaline early poat-megmatic.

174.411

Greisen. Quartz and muscouite with conspicuous
fluorite, disseminaled lopat, echorl, dra~ite,

mU8covitieed biotite. Drthocleae-microperthite, quertz,
variably mUBcovitisad obligoclase.

Biotite Adamellite. Quart! and orlhocleae-mlcro­
parthite, aiightly lubordlnalB, weakly muacovitieed
obligociase, disseminated Ti-biotite, aparee topaz,
schorl, minor phiogoplte.

~edium- to coarae-grained,
weakly banded guisBn.
Granitic-textured selvedge,

Uneven-grained, granitic.
Incipiently strsaaed.

Tracss pyrite, chalco­
pyrite, cloudy (secondary)
rutile. Rare 8lJslile.

Treces fluorits, monazite,
pyrite, drsvita, chlorite,

Greisened adamellite
acces80ry tourmaline
vsin or aegregalion,
mice-rich.

(sim. 115.1m) IIlith
in contect with greissn
Contact is transitional,

I
j

I,
~eekly directsd, ~saklV ~etamicl monazite, zircon
orthoclaee-potphyritic, granitic. inclusions in biotite.
Incipiently stressed.

, ,
v

Biotite Granite. Quartz end orthoclese-micro-perthite
~lth relatively minor, moderetaly sericitiled
obligocleae, di8seminated, weakly chioritised Ti-biotite,
extansivelt kaolinisad topa~.

Grsisened "Granits" Quartz end feldspar-aemi­
pseUdomarphoua muscovite-quartz aggragatsa, eubordinate.
rnuscovitised biotite. Disseminated clots, filllle schod,
dravile, arsenopyrila, pyrita.

Ralict, even-grained, granitic. Treces zircon, monezite,
secondary rutile. Minor
sideritic carbonats. Rare
cnalcopyrila.

Close affinities with 115.1m and particularly
'74.~m. Relatively pots6sic (granitic,
verging on alkali granitic), mildly greieened.
Pr imary lop a! •

Thoroughly greisened (muscovitised/silicifiad),
relatively coarse-grained biotitlc granitoid,
with sparee veins quartz. arsenopyrite.
(pyrltised) pyrrhotite. ;:

23'i1.S. Quartz-Tourmaline Rock.
colour-variable acharl.
&para• ......co'Ol1te.

Quartz, with aubordinate
cloeeiy intergrown dravita,

~edium- to coaree-9rained,
quartz, weBKly poikil!tic
tOUtllleline.

granular Traces fluorite, apatite,
minor tracea zircon.

Cre!S8n-type vein or segregation with
affinitilillil to 121.911,



ACCESSORIES
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SA:'IDl( NO.

SCALE,

CL~SSIrIC~TIO~ - co~pa5rTIDN

• RENI50N LIMITED

DIAMOND DRILL HOLE PLOT
PETROGRAPHIC DESCRIPTIONS

(C.r'1.5. R[PORT 81/'/411
• HOLE No. ; 50 '5 contd.

o

247.5111

2S1.'2rn
(LS., P.S.
35950)

260.0.-
(1 .5. ~ P.S.
35951 )

·265.41P
(T .5., P.S.
35952)

268.4111
(T .5., P.S.
3~953)

274.9rn
(T .5•• PoSe
35954)

284.5111
(r .5•• P.S.
35955)

Greisanad Peille. rine to Barni-aerlcitic mU8co~itB.

subordinate to minor, closely lntergrown Quartz,
pale phlogoplte. Locally conspicuous rine-grained
Bchor!. Quarll.-llInkerite veIns.

Altered Skarn. 010palde with minor, clo6s1y intergrown.
e~tenaivBly eleatit19sd clinohumite interspersed with
semi-massive talc-minneaotelte. Patchy tremollte,
spongy pyrttlsed pyrrhotite.

Stsatitiaed ~Sero8ntlnlte~ Antigori~8 aggregates with
rosettes of phlogopi~e, conspicuoue magnetite,
interspersed spongy to semi-massive replacive fine­
greined talc.

Steatitic "Serpentinite". Serpophltic end fine
antigorite serpsntinite with abundant spongy to
semi-fibroue magnetita, eubordinate chloritieed
phlogopite, disseminated talc flekes.

Phlogopitic "Ssrpentinita". Antigorita and fine rnesh­
ta~tured opaques. Sporadic crosscutting foliss of talc.
Semi-perVBaiue green phlogopite magnetite aggregates.
~inor lste brucite veinlete.

Chioritic "Serpentinite". Antigorite with spsrse
magnetite, interepersed with Mg-chlorite aggregate!
with abundant opaques (magnetite, pyrrhotite), ~inor

talc, brucite.

"Serpentinite" Serpophitic snd eubrediating
antigorite, conspicuous spongy, grenular snd fibroue
magnetite, disseminated ersenopyrite, patchy brucite,
ChrYllotile, skutterudite, talc.

Locslly b~ecciatl'ld, li>ub- to
millimetric. laminated relict
pelitic. Weekly hornfeleic.

Weekly scMietoee, crudely bsnded.

Crudely banded (magnetite).
Vague pyro~ena-dsrived mesh­
teKtures.

Crudely bandsd, semi-echletose,
faint 'i'olivine-deri\lsd lIleeh­
tel(l.u[llle.

Relict "olluine" snd pyrolCene­
derived mesh-texturee.

Similar to 26a.~m, but ~ith

poorly preserved meeh-te~tures.

Weakly shearad.

Crudely bended. locally
faintly "olillins" meah-te~tured.

Incipiently sheared.

Tracsa fluorIte, epatite,
fine cloudy rutile. da~

sphalerite, talc.

Minor cerbonate,
serpentine.

Refe, semi-opaque
cassiterite.

Rare clots microscopic
eaasiterite «20 u) in
eerpentine.

Patchy pyrrhotite, rere
chalcopyrite, telnakhite,
ersenopyrite. Traces
ultrerine ceesiterite,
pegeite.

Tracee ultre-fine ?caee­
iterita.

Minor late fibrous,
eubrediating dolomitic
carbonata. Rsrs ultrafine
7ca8eiterite.

Muscovitised!tourmalinili>Bd pelite.
Sphalerite introduced with discordant
~uertz-snkerit8 (-pMlogopite-talc) veins.

Steatitised!tremolitisad, mildly sheared
talc-diopside-clinOMumite "skern". No
detectsble Sn-phesee.

Serpsntinisad!partly steatilised ?diopsida­
magnetite skarn. Cassiterite semi-opaque
grains to 1.5 x 2mm in antigorite. No
detectable "soluble" Sn-phsses.

Mildly Sheared/pertly ehloritlaed stsatitJeed
antigoritic serpsntinite. Caesitsrite
typically <5 u 7e~solved from ferromsgs. No
datecteble soluble Sn phasss.

CompleK alteration pet tern ~ith aerpentin­
isatJon!steetitieation/phlogopitiestion.
Cas!iiterita <5 u Idids '-ilmll in ssrpentine.
Pageite eim. SO '4!200.7m.

Analogous to 26B.4m, but with lete
chloritlsation phlogopits. ?Cassitarite
es 5 u particlse, clots, microfilms in
ssrpsntlne, similar to 16S.4m.

7Cassi teri te as< 5 u semi-amorphous particles,
mictoscopic film!i in serpentine. No
detecteble soluble 5n-phsBs.

~,
i

I,,,,
I

I,
1
I

I

Alteretion enalogous to 303.4m, but with
introduction of sphelerite, araenopy~Lt8.

Trsmolitiead!ateatitised 7diopside-humite
rock. Cassiterite ai~. 284.5m. No detectable
eoluble Sn-phaee,

Some texturel effinities with SO 14!21S.9m,
possibly e steatitised oli\line or humit '

marble. 7Ceseit.arite identical ~ith 26c1.5m. I I'
Compl.d, .It"" (",p.mUm',,'! I.
tremolitisad!steatitlssd) and relatively t
deformed. ?Cassiterlte enalogoull to that 11'1 I '

284.S, 2ag.elm. No detecteble soluble 5n phese I .'.~ 1

~. j
to;

._~ ..... f"~ J

Sporadic clots of
amorphous ?caesiterite.

Disseminated elota, mInor
filme semJ-emorphoue
ultrefine ?cBseiterite.

Tracse ultrafine, eemi­
amorphous 7cBesiterits.
"inor tracee pyrrhotite,
b1ellTUth.

Talc paeudomorphousa after fine,
relted trellGlita. Antigorite
pe8udomorphe "olivine" (?humi te),

~ildly ahaered/flattaned mesM­
te~tures. Crudely banded
opaques.

RelIct, magnetite-rich mesh­
te",tures. Crenuleted phyl1itic
o\lerprint.

Stestitissd "Serpentinite". Telc lo/ith patchy relica of
antigorite, disseminated apongy, granulsr snd e~trsmaly

fina fibrous "megnet!t,,". Patchy, late porcellanoue
carbonate.

Tremol1tised, Steatltieed Serpentinite. IJllilry fine telc
~ith inte~apereed patchse antigorite, conspicuous derk
IIiIphelerite, B~eenopytite euhedra, speree magnetite.
relict tremolite.

Steatitised "Serpentinite" Telc witM patchy relics of
anti90rite, tremolite, abundant magnetite.

305.1111
(T .5., P.S.
359Se)

JOJ.4m
(1.5 •• P.S.
35957)

289."m
(T .5•• P.S.
35956)



Diopside ROCK. Virtually meaeive diopalde.

~nti9oritic Marble. Calcite aggregates partly replaced,
veined by dolomite-enkerite. Sparse antigorite
aggregates. Sparge, partly martil1asd magnstite.

SO 15 c:ontd.HOlENa.

5taatitised/caroonated magnesian
Berpentinite. Pr!marlly a fine- to medium­
grained granular "olivine" (?humlte) rack.

Probably a vein. Devoid of metaeomatlc
features end (primery) accessories. Talc.
quartz, heel lete aubparellel frscluTee.

~ildly atressad. Relatively pure marble,
but with cloBs affinities to 50 14/2'5.9m.

•
ACCESSORI[S

~inor traces talc. brucIte,
pyrltieed pyrrhotite.

Mi"or trBcea flbroue mag"e_
tite, hamatite in relatively
ahearad zonae.

Minor tracea talc, chlorite,
quartz.

Inclplantly banded. medium­
grainlild marble. Antigorite
pseudomorphs "oU ... ln8" grains.

~ETROGAAPHIC DESCRIPTIONS

(C.~.S. REPORT 81/'/41)

rABAIC

Phyilitic ~llh vague relict
fine granular mash-tsKtutaa.

Coar~a-graln8d. granular.
~aakly micro faulted.

RENISON LIMITED

DIAMOND DRILL HOLE PLOT•SCALE,

Tslc-Brucite Magnesite Roc~. Talc. brucite.
magnesite in ~arying proportions with
diaeemina~8d fine to ultrefine magnetite.

CLASSIrlC~TION - COMPOSITION

310.411I

SA.r'lPLE NO.

321.411I
(T .5. J5960)

326.4/11
(l.S. 35!i161)

'~
I

I
!
r
l

I

~
I 0I

r
I,,

334.211I Serpentlnissd Skarn. VsTlably telc-magneeite-etainad
antigorite sggregatss with petchy relics of granular
diopelde, locelised zones of mlcrogrenular endraditic
garnet.

Relict fine to micro-granular
calc silicates. rine mosh­
tB~tur8d ta sheared
aerpentini te.

Sporadic chryaotila ~eina. Primarily e banded garnat-diopside-olivine
(7humite) skarn. Elttensively aerpentinised
(aftsT olivins, diopside with lata stress,
partial steatitisstion.

JJ4.BIIl Graphitic Skern. Fine-grained diopside, qusrtz with
frequent porphyrobleBte of groesular-andradite, semi­
pervasive, late poikiloblastic prehnits; consplcuoue
graphite.

Relict, aub- to mll1imatric­
Bcele banding. Hornfelalc
Quartz, dlopaida.

5par6ely disseminatad
pyrltieed pyrrhotite.

Skarnised carbonaceoue calc-palita lIIith late
introduction of prehnite. Closa effinities
with Sd 14/252.4m.

Rara (primary) dravite, minor ~lldly greisened. Strictly 8damellitic. but
tracee monazite. zircon, verging on granitic. Close affinities ~lth

fluorite. 11S.1m. 17<l.4m.

340.211I

38•• 611

401.911I

Antigorite Marbla. Cloudy, semi-porcellanous megnssits,
relatively clear dolomite, patchy corraded relice calcIte.
Frequent slttensively leeched, opaque-steined entlgorita
aggragatee.

Garnet-Oiopside-VesuviBnlte Skarn. GrenulBr to
poikiiitic gros8ulsr-endradite, closely intergrown
diopBide. subordinate, nBar-isotropic vseuvian!te, patchy
enkerite.

Biot i te "Grani ta", Orthoclase-microperthi te and quartz,
subordinate, weakly Bsricitised/muBcovitieed oligoclese,
disseminated, pertly chloritiaed Ti-biotite.

Medium-grained marble-like with
evenly disseminated antigorite
clots.

~edium-grelnad. ~eak

compositIonal bending
(melll9omatiaed, reUct) lIIeekly
mi c ro fractured.

Coerae, weakly orthoc18Ba­
porphyritic, elightly myr~ekitic.

gra"ltlc.

Tracae corroded relict
7chondrodite. ~inor trQcea
pyritised pyrrhotite.

Tracee quartz, epidote­
clinoloisite, minor traces
pyritlsed pyrrhotite.

Mildly streseed. Altared chondrodite merble
with close efflnitiee to SO 14/215.9m. SO 15/
215.4m (na9.4m).

MetasDmatised ?"llmeetone". Devoid of
definite relict clsstic feelures and
relatively weakly banded in compariaon ~ith

8.g. 334.am.

i

j
1

,
I

V

41B.6111
(T .5. 35968)

Greisened Granite. Quartz and quartz-muscovite eeml­
pseudomorphed raldepar. minor muacovitiBed biotite.
Diaesmineted drevite, Bchorl, araanopyrite, sperae
pyrltiaed pyrrhotite.

QU8rtz-tour~slina-ar8anopyrlte­

vsi"sd, vegua, relict coaree­
granitic: (ai~. 401.gm).

Tracas ankaritlc csrbonate.
Rare fluorite. chalcopyrite.

Thoroughly greiaened (mu&co~lti.8d.

eilicified) coeree grenitoid. Neer­
identical with SO 1S/200.4m.
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Twenty-one drill core specimens from so 14 and thirty-one from SO 15 were
examined In thin-section with selected polished sections to examine the
nature of tin mlneralo9Y. Individual specimens arc briefly described In the
accompanying tables.

Petrology

Intersected sequences In both drill holes are essentially quite similar
and can be generalised as low-grade hornfclsed and variably metasomatlsed
(toufhlallnlsed) psammopelltes, overlying serpentlnlsed, magnetite-rich
skarns and a basal hornfelsed psammopellte sequence similar to the upper zone.
Skarn zones may be flanked by marginal tremolltlsed or skarnised sediments
and olivine marbles (serpentlnised). The main contrast between SO 14 and SO 15
sequences, as sampled, lies In two Intersections (SO 15) of biotite
adamellltl~ Intrusives and related grelsens.

Magnetic skarns are typically thoroughly altered to serpentlnltic ass~lblages.

characteristically antigoritic, with variably preserved olivine-and pyroxene­
derived mesh-textures. These rocks are texturally closely analogous to
orthodox (altered ultramafic) serpentlnltes and have. In part, been previously
Interpreted as such. A few. however, exhibit textural features (e.g.
elongate lath-I Ike, pseudomorphed "olivine") atypical of ultramafic rocks.
Some Include corroded relics of colourless. orthorhombic and monoclinic
silicates (humite, clinohumlte, chondrodite). Chromite (and Cr-spinels) are
consp Icuous Iy absent. These features conf I rm these fac Ies as pr Imar II y
humlte-dlopslde skarns.

Tin Mineralogy

Optically Identifiable tin mineralogy comprises cassiterite and pagelte,
representing essentially insoluble and acid soluble c~"~onents respectively.
Within the I lfillts of sampling and microscopic data. It cannot be stated
positively that pagelte is the only acid soluble phase present. This mineraI
Is of relatively restricted occurrence in materials examined (SO 14/200.7 m,
202.2 m; SO 15/268.4 (0). A more detailed analysis would be dependent on
electron-probe microanalyses. Conceivable additional soluble Sn-phases are
micas and spinels.

Cassiterite exhibits two distinct modes of occurrence which may be
categorised as "primary" and "secondary".

Primary cassiterite Is represented by extremely rare, relatively coarse grains,
apparently relict (on textural grounds) from the original skarn assemblage
and, In the sections examined. entirely restricted to SO 15/260.0 m.
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Secondary cassiterite forms t~ro textural types, Is extremely fine-grained and,
on mlcrotextural grounds, appears to have developed essentially by
"exsolutlon" during alteration of the skarn silicate assemblage. The Inference
that the original Mg(Ca-Fe) silicates were, In part at least, stannlferous
requires verification by electron-probe analysis of ~relatlvely unaltered
stannlferous skarn (if such can be located), but, as notes, Is consistent
with observed nllcrotextures.

Secondary cassiterite occurs partly as < 20 ~ and typically < 5 ~ diameter
equant to micro-acicular particles embedded in antigorite, chlorite and/or
talc (SO 14/202.2 M; 50 15/265.4 m 274.9 m). The second mode comprises
microscopic clusters, films and stalnings similarly restricted to
"serpentinltes". This material is optically leucoxene-like, whitish and
semi-opaque. identification of this material, relatively conspicuous in
So 15/234.5m, 289.4 n, 303.4 m and 305.1 m, as cassiterite is based on
previously reported probe analyses of optically Identical material In
SO 9 (refer 015 7917/24).

O. Cowan, B. Sc.
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6~ ,pie No. Classification - C~np05ltlon ~ Fabric Accessor Cornillents

.0 14 Quartz-TourMal ine Hoock. QU':Jrtz and ,e-bro....m Vague conturted to Thinly u __ ,-,emlnated TourmalInlsed, sll iclfled pelitic

I5.4 m tou rma line (schor) In varying proportIons, brecciated, reI I ct If.'ucoxcnic rutile. sediment. l".uscov I te 15 pprphyro-
subordinate to minor~ravlte, disseminated pelitic banding. Fine- SpcJrse re 1 ic t detrital blastic in part ("tourma lin Ised

(T.S. 3591]) muscovite flakes. Gr.1ined. zIrcon, rutile. mica hornfc I Sll-}. I
QU.Jrtz-Tourr,lal i ne Rock. QUurtz and olive-brown tlornfelsic quartz, Thinly d i sser.li nated Jiarginally hornfelsed, extensively f
schorl, subordinate dravlte, subordinate. weakly poikiloblastic leucoxenic secondary tourfLlal in i sed argillaceous quartzite f

3&.9 m scml-scricitlc muscovite. Patchy orange muscovite. Flne- to rutile. Sparse re II ct \,11 th relatively altered shaly
(titaniferous) schorl. rncdlum-yralned. detrital zircon. interbeds. Minor microfaultlng. ~

. Quurtz-K<101 In Rock. Fine sUbpoly~onal quartz contorted relict Rare pyrite subhedra. Degraded ",ica hornfels (~cordlerlte) r
61.5 m and leucoxene-stained kaol in in near-equant beddinJ. Semi-pervasive Thinly disseminated developed in argIllaceous quartzose

proportions. Disseminated 7r.1arcas Ite (after mica-derived structures fine silt-sized, fine sandy siltstone, silty shale
pyrrhotite). In kaolin. rounded zircons. intercalations. Affinities with 5.4 m, t

)6.9 ..... I

Spotted lIornfels. Coarse retrogressed (muscovlt- Ovoid, ml J I imetrlc Patchy chlorite (after Retrogressively altered cordlerite-
,

ised) curdlerlte polklloblasts with Interstitial blasts, we,jk preferred biotite), sparse sphene, mica hornfels; mild tectonic over- t'
80.1 m quartz, titaniferous biotite. Disseminated orlcntoJtion discordant rare cloudy andalusite. print. Primarily a weakly bedded ,, ,

I colour-variable schor I , pyritised pyrrhot i te. to rei i ct bedding. silty shale.

Spotted flornfe Is. Quartz and T1-blotlte, 5ub- Rel ict, 5ub- to mllll- Dlsscminilted to Affinities wi th nO.1 m, but slightly

103.7 m
orulnilte to minor albite, disseminated serlclt- metric-scale scdlmcnt- conspicuous dravlte; higher yrade In albite-epidote horn- I
ised/kaollnlsed cordlerlte polklloblasts, ary banding. 11ed Ium- sparse pyrltiscd pyrrho fels filcies. Relatively conspicuous I

J ~parse kaollnlsed ~ndalu5lte po~pJlyroblasts. grCJ(ncd, hor-nfelsic. tlto dlsssminatlons,flin 5. metasomatic drClvlte .. Psammopclltlc .. f
Spotted Hornfcl::;.. Quartz and T1-blotite "Ith 11cd ium-yra inc-d, horn- Patclly chlorite (after Porphyroblasts preferentially ,
d i 5ser.Ji nated to sel,l i -mass Ive, extensively felsic, \·,1 th faint biotite), fresh retrayre5scd. Close affinities with I112.3 m ,

scrlcltised eanH cr I te, sLlbord Ir1.:JtE 1Cinds.luslte. reI ict ::;.edlmentary cordlerlte, minor trace 80.1 1:1, 103.7 m. Primarily a weakly ,
Dlsscmln<3ted schorl. bandlnQ. untwlnned a Ibl teo shale-parted quartzose psafllml te. I

I
Tre~101 ftic Hornfels. Quartz and cordlerlte Flne- to medium-grained Dlsser:linatcd drav1 te, Tex.tural features Indicate trernollt- I,

129.7 m
hri th patchy trcmol i te, subordinate to minor hornfelsic. Faint schorl , extremely fine Isatlon (+ traces pyrrhotite) pre- I
T1-ph Iogop I te, sporadic microfilms of pyrl te rei I ct 5ub- to nil 111- rutile. TroJces cummlng- dated hornfelslng/mlnor cordlerlte-
(after pyrrhotite). metrlc·scale relict tonlte, slderltlc carbo -siderite velnlets/pyrltlsatlon of

"Talc-Trcillolite flock. Fine-grained tremolltc Sei',I-schlstose wltfi Degraded pole phlogopot( Fabric consistent <11th 5'snearea7

153.2 m as sp<Jrse relics In near-r,lass i ve talc .. Patchy boudinaged quartz (partly replaced by stcatltlsed tremollte(-quartz-
quartz, minor cloudy, portly degraded siderite. velnlets .. talc). Rare ilpatltc. phlogoplte) vein.

I,
T.... lc-Tremollte nock .. Talc wi th patchy corroded Crude relict banding' Traces cloudy slderltlc Thoroughly steatltiscd, ph Iogop Ite-

182.1 relics of tremoll te, Irregular zones chloritlsedlId Isrupted by degraded carbonate. Hlnor traces veined trei110llte rock of alteredm steatltlsed phlogoplte, minor quartz, dlssemln- phlogopltlc velnlets ultraflne rutile. carbOniiL."~ f~cles character (devoid of
(T.S. 35925) ated apatite (~ quartz). clastic, altered ul tromaflc features) •
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V't ." 1e flo. Classification - Comoosltion ~ Fabric Acccsso , COl:lr.lCnts

j :;0 14 cant. IlSerpentinltc"a Antigorite with cons ICl:I0US Crudely bended. Op.iJques Traces ankerltlc No definite altercd ult,amafic ,
194.7 "'

magneti te, extensively pyrltised pyrrl1ot1te. interstitj(Jl to carbonate. fe<3tures, although clearly a serpent- II 110 1ivine"-derlved, intsed 01 rlline- or "'lUn, i te" rock.
(1. S. , P.S. mesh-ter.tured anti gor I t . 1:0 dctectubJe Sn-phases. I)'J~OI

"Serpentinltell. Antigorite with curroded re I ic.s Simi Jar to J 91,. 7 rn, Traces pyrite. Close affinities with 194.7 m. ,
19G.8 m of hUlrd te r magnetite-stained serpentinous but with ret ics of Prl'rJarlly a humite-pyroxene

t,
~!~~~ ( P.S.

ankerite, pseudol1lorphs of pyroxene, conspicuous coarse, lath-like (7dlopside) rock. /ju detectable
" p r Imary" magnet i teo Patchy late dolomite velnl g. hurnite. So-phases. ,

! SCC'lPO II te .. Chl Dr I te ..nalJn~t I te rlock. I,ear-Isotroplc Irregular to crudely Intersecting films of Latescapol Itlc ~lteratlorl of relatively

200.7 01
chlorite yd th dlsser.ilnated to semi-massive banded, flne-qrained. allkerltlc carbonate. opaque"rfch IIserpentinlte". f~o detect-

;1 (T.~~~ P.S.
scapa tiLe (ulpyre) , pi:3tchy f1uar\te. 5erpentini e. Serpent1ne-rlch locally conspicuous able cassiterite. Pageite as ultraflne

'co ALJundant r,luSinctite, patchy sulphide. sl,ears.Poikllltic pyrrhotite, chdlcopyrlt< ,acicular bundles Intimately 1ntergrown

i rmg~'~~ii.lte
F'- UIl')' serpe?une •

~~'J: Ise-d~~en1Jl\J~~. Serpent\ne and Mg- GrarHJlar I1lnor corrodeuP~8Tlc~' PU'Jelte as rare. subra atln~~ u ra-

202.2 m chlorl te~'lllhconspicuous. closely 'ntergro~'In wi til fine acicul,.Jr dlopside. traces arseno., fine acicular clots (5101. 200.7 01)

I (T.S. '"P.S.
ma£]oetlte. patchy talc. trel,loll te, corroded opilques.Seml"'schistose pyrite. Minor traces. lCa5s' ter He il5 sparse < 2 ~ diameter

.. '),0')0' relics of ell nuhurd toe.. serpcntlne-talc~tremoli e • pageltc. 7cassl ter I t< • needles In·talc agQregates.

1
~S_crpe_~~ n I te". Antigorite with petchy, Incipiently schistose /-11 nor traces onkerltlc Orlq1nally OJ. flne (]ranular "oliv,ne- ,

20903 01
cldodtised phlouopitc, sporadic f 1al<os bruc ltc, III til patchy. feint carbonate. microscopic pyro.x~nc" rock (7hunlte-dlopslde), i
dlssellilniJtcd spollgy <)~J~jrC!:FltC5 magnet I te, 5eml~ rei Ict "o ll v l ne ll and pyritiscd pyrrhotite pervasively scrpentlnlsed. No ,

(1. S. , P.s. ;

35930) Ilwsslvc f Ilr,]5 of dark ~phulcrlte. pyroxene textures. f Ilr,15. detectable 50-phases. i
Antl!.Jorltlc r\arble. Cloudy c.1clte with tlill Inlctricscale b~nded Rare l<ltc maGnet I te "'Iuly stressed. Scrpentlnlsed Iabundtlll t clots antigorite. brucite. sparsely mcd IwH-gral ned J granula .velnlet~. forstcrlte orhumlte marble.215.9 01 dlss:cmln..1ted fine-graIned magnetite. '..-/lth olivine-derived

structures In serpentln .
~Erbonate .. PhloQorlte Rock. Calcite with lIeakly banded. Sindlar Palchy corroded relics Affinities "Itl] 215.9 m; Iiolivinc ll

237.3 01
subordinate. closely Intergro\·m talc. dlssemln- to 215.9 01, but 011 'V Inet patchy antl~or- appears to be forsterltc t but poorly

(T.S., P.S. at~d coarse flol;,e~ p.::.le phlo'Jopltc. c.llssemln- coarser ..gralned. Ite (corroded. replaced resolved due sizlng.hablt. Ilval te

"35932) ated fibrous acicular mugnctlte. by ta ic), Ilvalte, )pcally conspicuous, Hematite after

Phlol)Opitc-Carhonatc Rock. P<)le. weak I y Coarse. randonl phlo~o- Ul traflne secondary
.

Vayue textural afflnitle~';:hh
. I

titanlferous phlogopite and tolc-stalned, pi te Interspersed with (7hydro) garnet. r,llllor I:G. i~ lil ;;;,u~gcst carbonation of
,

237.8 m cloudy ankerltlc carbonate In varying silicate semt~pseudo- traces antigorite. phlogoplte-homlte-dlopside rock. Iproportions. morphous carbonate. lIeakly stressed.

Grophltlc Skarll. Cloudy dlopslde. phlogoplte. Relict, sub- to 011111- Patchy hornfelslc Carbonaceous calc-pellt~;skarnlsed

r252.4 01
subordln~te grossular-andradlte. Semi-pervasive metric banding partly quartz. re1 ict to garnet-dlopslde-tremollte
late polkilltic epldote-cllnozolslte; obliterated by trenJollte-actlnollte assemDlagc, subsequently epldotlsedl I(T.S. 35934) conspicuous fine graphite. epldotisation. (corroded by phlogoplte .phlogopltlsed.
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Classification - CO:lposltion Fabric Acce5Soilis (o,"C'ects
!:"l terea .~arn. III ops I DC LIne tnorou _. ~~rpen t- ;'~etj llJm-'J roll nca, Oranu I Cl r I races -,.rl::r"nll:n't"'ec-.----hA""O'r,. ,r.,n"'"',t'""",."'.s;-";w:;-,-,'tnh"?CS"Z-.r~;;;m:-,hb~'J:;t:-;:,,;r.lt:;:h:---i
illl::'II.:J 711lo.llllilc, Il.inor ~/arll~t. Patchy talc vJith relict 5ub- to ,:letoJsolllatlc a55el!lbla~'le .analoqou5 to [.
(7after tremollte). Disseminated pyrltlsed millimetric, mlcro- 194.0 - 210.0 m zone. ,
pyrrhotite, minor sptl~lerite. folded banding.

I"ctlisonatic, ~rob()lJly after
di~rJcnctic c~r~on~tc fmpreqnations.
Beudcd (rccrystullizeu, sy~genetic)

• o,-"nh'~o

tIOrrHCISC(J Sll {"StOllE'. ,remOllte IS
c.:Jr!JonLlle, polkilltic
dravi te.

"Inor [races anKerltlC,ne-q.alnco norn t~ISIC

\/ith relict r:dllir.,etric­
':icale b~dcJioq.

331.5 m

78.2 m
1
1

I

\
1r--'l'5nD-J.TF5~----t"rl"U~_":':.!:':t:':z"-:;o"r".::v':':!r__t"_e""'_H![';o=r=r2:=~T:'s-'"""'I:':lI"'o':r"'t':z:--',,':n':d"""dr:r:':a"v'" '''t:':e,----j,-r1In''e''--g''r=.=,r,n"n=."d-.-=h(o-=r-=n-----t.,5':r.".'"'r"'''c:-,--:c:;I''o''u~d''Y.,...,f,-,r n".".--+-("'1o="=e-::e"r'l'fTI=nTi-=t·I-:.-:s-,-w:;i-;t:;:h:-<5"D....I;;":-/;;5,.."l~r:m::-,---II"

I 41.5 m in varying j.JrQPortions \'dt~ subordinate to fe'sic~ \·/ith relict n·tilf'. Sp<1rsc relict 'J(:.? fl, hut '''''ore distinctly

I (1.5. 35~3d) ,tlnor mu,covlte. rclltic nandlno. :~;~:~.~I zircon, !lnr"F"h"d.. !
I

QU2rtz-Mlca Horntc..!.s. Quartz anrJ r.lUscovlte In r,~dlum-qralnedJ horn- nlnor traces pyrrhotite Affinities ',·!ith 5.4 - 112.3 mzone.
varyjn~j propQrtlons l'/lth conspicuous colour- felsic \",Ith relict SfJ.Jrsp. relict detrital Horr~f,:,js~d, tour'1al1nised, shale-

f variable schor1, minor dra"'t~. Ui~5{~nlnated ps;?~"l\llopeliti(. band'ng. zircon, oj)lltite. p~rtL:lj. 't'J,Ht7.l')SC, argillaceous
,j -===--- clots of ankeritic cdrbonate. siltstone/fine sandstone. ~

t'-----0T??J~U!.SSEC~O~V!~I-'-"~'~_~~uLi!"~rr:!~E].'~-liJ~~Cr..:-"?"v,v"'e'i'r'1iq'i'roowwnn-~ree"r,n'"c01:L,r1vli,en·""'r1'"Tiiiilil'i~",eT,,10"c~cl1i<ne~,uJi1'ujfm~s"aii'nrru.1)ly1(777'rt)111<1II nno57r~s"c:l:n111o5ir'l-,~.::Ora ,r':;"iVv'i"re,e:.i-~"Ire~IS''.~n;;e~a(05in'TFn;c,o;cqiUu~,,~rttzZlTlf"e~.!"I'rrcs"'''ni(o~-=-:--r,
373.4 m • Lju.:;rtz with ilbundi'lnt interqranular muscovite, clastic fabric. \..:.../ oJnkerltic carbonate. pyrite. Introduced In velnlets with (

!
r- +-

m
_'_.n_o_r_s_e_r-'J'-ic_i_t_e_,_s_p_a_r_s_e_p_Y_r_l_t-,-i_s_e_d_p_y_r_r_h_o_t_i_t_e_,__+- -+_5_I'_a_r_s_e_-=~r.""',,''_cc_t_d_e_t_r_i _t"_I-+_c_,,_r_b_o_n_a_t_._,_q_U_3_r..,t_,_,_m_l_n_o_r_s_c_h_o_r_I_. --1I,ej (1.5. 35937) chalcopyr~te disseminc1tions, arsenopyrite films zir,=on,t.?~ r

,

~o$ ;~ l.l.. ... '6~~J.J ..e...ol.:l€.... i
!

86.7 "'

l~ctro;rC~'~'l:l,'tornf,~I~, ~f.'rlcitlst'd .. l~,-,olinlsed
·'ic-o-r-d-,cr-rt-e-,~ ··5-l;t"'J~(J-I:"(ii-na t e qU.:l r t Z. pa tel'. y, pa 1e

r.llrnl'lln~ltonltp., pale :Jhlo::"iOpit~f pyritlspd
r-yrrllOt I t~, anker i t ic cilrbollilte.

fine-~ra'n~(I, horllfelslc, (onsplclIOUS,
\'dth ;.wlkfl iric ~lr'l::,dll- (-~)(trf'r"-~ly flne,cloudy
1,01('. ;)hloOiO:)lt(~. rutile.
lilnor quartz veininl].

Rei let r,'lftlc [,edding, Close
<lffi'lltie!,>',·t-dth :~.2 n, ClI;-;l!lIin!Jtonlte
l:~I" L'~,(' tic, introduced partly
with veill-quartz(-carbonatc-pyrite).

_~.[__a.CJ!~E~.Z~~. Hnneural/weaKIY Inlerro'::K1na
'-!lie,rlZ .,·dth r~I'::ltively Idinor includ(~J inter­
uranular k~olillitic alkaJ i feldspar. ~atchy

t relf)(} I I tca~grct:i.:ltes dnd ell 1or i t i sed ph I ofjop i te

~U<3rlZI[IC, IlIenlUIlI­
gr<1incd. FAint rei ict
deformed banding.

I rACC!'i!H a~r II: 1(:
carbonate, sptlene,
{Jr~vite. Srl~rSe rei iet
detrital zircon,rutile.

,noroll~lIY sll,c,rr~d. horntelsed
f~ldsr'<'lthic. psalmlite with patchy
[1~('tii!jO;·,;,-,tic trl'::"'F)l itp., phJogoplte,
sin). 7~;.2 iiI, f6.7 m.

101,2",

(1.5. 359~2)

E--'-":'I~lc._.__·- ,..'..,_e--" _' " ,. ,,"V')"i'''' ""U'O<,-'" '''''"'", 'd""'y 'rm·e, vrdV"". ",nor
with patchy, c.orrodf::d iH:jqre'Jatcs,-of tremolite. directed. Patchy, VcHJue ankeritic: carbonilte.
Patchy talc, sparse, pnrtly degrnded alhite, coarse semi-pseudo~orphs

thinly disseminated pyritised pyrrhotite. (talc after 7pyroxene).

fl" IIlILles ~"UI I:J).':, It}L. I I'i1 TaCles\
In 50 1_. 5te.titl,ed ?talc-
tr."",11 te-tilops Id. rock. I
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.......- l-entral Mlneralo~lcal :>ervlces ~
~ ~;).-:1ple 1'0. Cla'55Ifici3tJon - CO;llfJO:, I t ion 'i1bric: I\':c:~ssori (O!:"I!',CI1ts

SD 1) cont. Mic,J AdCJr.lell i te. QUJrtz, nOlodcriJtely , ,c1 te- Intvcn"gr,J i ned t jrl.lnitic /:, inur chh, te (after Typic;:;) ch.3r.]cteristics of N.W.

115. I stained 01 i~:oclase, inc i p i en t I y krJolin-st.Jlned ~o locally sub;riJphlc hlotlte). Traces partly T'lS';1?11 i an lit i "1 f"jri3nitcs". t~ 11 d Iym
orthocl~5c~~licroperthite in ncar-equant prop- {II ~ranof>hyr i ell). ,,,e taf" let nl0l1az i te. Rare Grels~n~rj. Su.l ph i oe J s ultr.1fIne.

! (To s. 359'3) ortion5, sparse Ti-biotlte, farc muscovi te flake~. pyrite, 1ch.llcopyrtte. as~ociatcd wi th chlorltlsed biotite.

• (relsen. QUilrtz and muscovite ~I/ i til conspicuous led i lJ"1- to coarse- Tr.Jces pyrite, cha"lco- I~re f sCl'cd ,1rj,1:l'~Iii te (s 10.1. 115. I 1'1)

121.9 t"Tu-orfte, disse~llinutcd topaz, schorl, dr;)vite, 'lr.J,inC'o, \veakl y b<:ll1ued pyrite, cloudy I-Ji til ,1<: r:1? s!:",ory tOI~n'.J line in contactm
r.llISCOV I t I sed hiotitc. Ortiloclase-rnicropertillte, ~rcisell. Granitic- (secondary) rutile. \,.,j th ':reisen 'Ie i P segre~ation.or
quartz, variably fllUSCOV i l i sed 01 iyoclase. cxturcd selvedge. P,are .Jpatit~. Contact Is transitional, mica-rich. to:
8 otlte Ada",e..!..!., teo llu,1rtz and orthoclDsc-mlcro-'-Jneven-qralned, qranitlC Tr,1ces fluorite, Close affinitIes h'i th 115. I m.

17'.'
perttllte, sll~rhtly subordinate, wcnkly rlUS- Incipiently stressed. rl0n<lZ Tte, pyri te, Mil dly lJre i GPnt~r:1 vii th ;TllJSCOV I t e afterm
covitlsed nliC)CJclase, dis5p.lTlinated Ti-biotite, oravite, chlorite. f I.,,, r('lcl.-::":,,,~ I r~ IolJop I tc after biotite, •I
sparse topaz, schorl, ndnor phlo~oplte. topaz. lopaz Is late .. , tourma II ne f
Biotite Gr~nltc. Quartz and orthoc I ,JSf~"';~ Icro- h~.:klydlrccted, I....eak 1y r'et.:Jl'li ct ilonc1z1 tP., Closf:'

~J~l, 't)~t ~6g,;btic.
affInIties w th II~.I m'Dnd

perthltc \'1J it h"""'r'el ot.1 ve I y minor, rlo{J~rCJt{!ly prthocl~se-porphyrilic. z.ircon incluslono; In onrtictJl."Jrl)' 17'1. J, Relatively >
182.7 l'1. ,

m serlcltlsed oll']or.:l03se, dl,sscr;1[natcd, \;I~~.::JI: I y ~ranltlc. Incipiently biotite. pot,J~3ic (:1 rul1 itlc, ver!]ing alkali ,on
chloritiscd TJ-biotite, extensively kaol in i sed ~tressed. granitic). "j Id Iy grelsened. Primary ,
Greisend "Gran i_~~. Quartz ,:Inc feldspor-scc',f- ,ellet, even-grulncd. Trvces zircon, r:-:onilzlte, Tr()r("u~:h1y r;rcI5cr,cll (muscovitlS~d7' !

200., m pseudor,lurphous M~15covite-quartz ag9 re ()ates, )r,anltic. scconc'ary rutile.Minor s iii c i f i cd ) , relatively co<:!ree-grained

t
subordinate, 'rillscovltis~d l.J iot f te.D i S5~r:;: nat~<.I sidcritic c<3rbon':He. 11hti t Ie :Ja;-,ltoid, \'II til sparse veins
clots, films schor1, dravlte.. ars(,!nopyrite. 1',.:Ire chalcopyrite. ql.Jartz~arseilupyrlte,(pyrltlsed).,
QU.lrtz-Tour:llal ine Hock. Quartz, HI th sub- -1culum'" to cO<:lrse-aralne Trac~s fluorite, Greiscn-type vein

., or

239.5
ord i n~te-c.-oTo--cr:v~rTcibl c !ochor) , closely r-Jr<JnlJl~r c:uiJrtz, 'deakl y dp.Jtitc, f:Jtnor traces o;ec;re~,1t 101", ~Il th "ffinlties tom i ntergro\,m dravltc, r:uscovi te. lO j k iIi t ic tourrrlaline. zircon. 121 • ~~sparse r;l.

Grefsencd r~l Ite. Fine to scr:~I"serlcrtlc oCul1y brecciated, sub.. TrLlces fluorlt~, apatite ,i1uscO'/1 t I ~('c:l/ taurrli" I In 1sed pellte.

247.5 ;llIsc·o-vTte--:-SlJ-hO-rd i ";'lte to rl1 nor. c!os.;ly inter- 0 r,r1 I Inrtric. lcnin- fine cloudy rutile, ~'pl-:ckrlte lntrorillced wIth dls-m ,,)rmm quartz, r ale phlo']oplt r:,!. l.oo,.lly "ted re I let re II t Ie. r:lil rr sphalt~rlte, tal ~. '.('r ;1 (:,0;; r t Z-i;'!nk.er I te' (-ph 1ogop t te-
conspicuous fine-~rained 5chorl. ,","uartz-ank~ritc leakl y hornfelsic. talc) veins.

f,,1 tered ')!<..-::rll. DIer!', i ric ,·JI tlo 1:1 fnor I closely leilk 1y ~chl~tose, :~ Inor c.1rhon.Jte, ~tE,ltitisl"'r/trcilolItrsed, mil dly

251.2
·i-nt·(:·r·lro~:in~-c-x t(;n ",I \,.'(" I y steatlti':ocd r.llr~L1hur,ite rUdely h<Jnded. serpentine .. ':",hr,. rc·~ ti:lc-dlopslde-cllnot';uTTllte

1,\

iT. 5 •• f-'.S.
Interspersed 1~1 t h 5CFli -l'lass i ve talc-mlnne~otalte. " s l-:,:.;rn ll

• ~i(1 d"tcct.1blc Sn-~hi"ses.

359>0) Patchy trerloll te, spongy pyrltlsed pyrrhotite.

St €'.:.' t: i t I_~, cd liS C'.:!r!'~,_t_i nit (;11 • l\ntlljorlte ag~rc·]at.('"-, Crudely llanded r,., re, seT,1 i -opal"ju~ ~err'untini~ed/partly steatltlsed

2u0.0
,... 1t h rosettes of phloQoplte, consplcuoLls (n.J~::pet1te). Vague cas!ilterlte. 1d lor", Id(-r'n~n(: t I te skcJrn. CeJsslterlte

III

(l.S., P.S. nl.:Jgnct 1tc, Interspersed o;r-'onsy to ser.JI-nasslve )yroxene-derlvcd mcsh- !:".c' ;, -OP.~lfJll(; tjralns to 1.5x2 mm In

35951) rep 1acl ve fine-grained talc. textures. antigorite. No detectable "soluble"
.~ .
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ramp I e I~o. Classification - Composition Fabr Ie AccessorIes Comnents
o 15 cont. SteiH i tic IlSerpent 1n)_t~.5erpoph' tic. and Crudely b~nded. semt- Rare clots mlc opic Mildly sllcared/partly chlorltiecd

65.4 m antigorite serpentinite with abundant spongy schistose, Faint cassiterIte « 20 ~) steatltlsed antlgorJtlc serpentinite.

T.s·~tS.
to semi-fibrous magnetite, subordinate chlorlt- 101lvlne-derived mesh- In serpentine. Cassiterite typically < 5 ~ 1exsolved

~~g<;2 ised phlogoplte, disseminated talc: flakes. textures. from ferromaus. 110 detectable soluble

PhloC/opitlc I'Serpentinite". Antigorite and fine ReI let "ollvlnel' and Patchy pyrrhotite, rare Complex ~Iteration pattern ;'~'t~' ~~~~.

68.4 m mesh-textured opaques. Sporadic crosscutting pyroxene~derlved chalcopyrIte, talnak- serpentinisation/steatltlsatlon/phlogo-

;~~~~ /,S.
follae of talc. Semi-pervasive green phlogoplte mesh-textures. hlte, arsenopyrlte.Trac s pitlsatlon.Casslterlte < 5 ~ wide
magnetite aggregates. Minor late brucite velnle. s. ultraftne cassiterite, films In serpentlne.Pageite slm. SO 14/ ~;y
Chloritic ItSerpentiniteLi. Antigorite with sparsf Similar to 2G8.4 m. Traces ultra- " ••~,.-. Analogous to 263.4 m, but wlt~uYalem.

74.9 m magnetite, Interspersed wi th ~Ig-ch Ior I te aggreg- but with poorly fine 1casslterlte. chlorltlsation phlogoplte.1Casslterlte
ates with abundant opaques (magnetite. pyrrho- preserved mesh-textures as < 5 ~ particles, clots, microfilms •

;~~~Z /.s. tlte).mlnor talc, brucite. lIeakly sheared. In serpentine. similar to 265.4 m. ,

llSerpent 1n i tell. Serpophltlc and subradlatlng Crudely banded. Locally nlnor late fibrous, 7Casslterlte as ( 5 ~ semi-amorphous

84.5 m antigorite. conspicuous spongy, granulQr and faintly "olivine" subradlatlng dolomitic particles, microscopic films In

rT.S. ~/.S.
fibrous magnetite, disseminated arsenopyrite, mesh-textured. carbonate. Rare ul,tra- serpentine. No detectable soluble

,r.Q« patclly brucite, chrysotlle.skutterudlte, talc. Incipiently sheared. fine 1casslterite. Sn-phase.

Steatitlsed IlSerpentinite". Talc with patchy Mildly sheared/flattene Disseminated clots, Some'textural affinities with SO 14/
39.4 m rel ies of antigorite, disseminated spongy, mesh-textures. Crudely minor films semi- 215.9 m, possibly a steatltlsed olivine

T.S·~.lP.S.
granular and extremely fine flbrous 11magnetite ll

• banded opaques. amorphous ultraflne or humit marble. 1Casslterite
'<0<6 Patchy, 14t. por~ellanouscarbonate. 1C85slterlte. Identical with 284.5 m.

Steatltlsed IlScrpentlnlte". Talc with patchy Relict, magnetite-rich Sporadic. clots of Complexly altered (serpentlnisedl [relics of antigorite, trelilollte, abundant mesh-textures. amorphous 1casslterlte. tremo I I t Ised/s teat ItI sed) and03.4 m magnetite. (renulated phyllltlc relatively deformed. lCasslterlte fr.s., p.s.
overprint. analogous to that In 281,.5, 289.4 m. r

35957l
Trcr,lO 11 t Ised, Steatltlsed Serpentinite. Very Talc pseudomorphouse Traces ultraflnc, seml- ".

Alteration allologousto 303.4 m. but
05.1 fine talc with Interspersed putches antigorite, after fine, fe Ited amorphous ?casslterlte. wi th Introduction of sphalerite,m

;~~~8/'S,
conspicuous dark sph~lerlte, arsenopyrite tremollte. Antigorite Minor traces pyrrhotIte. arsenopyrlte.Tr~nolltlsed/steatltlsed .
eUhcdra. sparse magnetite, relict trer:loll tee pseudomorphs "ollvlne" bismuth. 1dlopsldc-huOllte reck. Cassiterite slm.'
Talc-Brucite Ilagne:.;Jtc Ro.:k. Talc, bruelta, Phyilltic Inlte,. Minor traccs fibrous *~·I~?I:l•. IIO detectable soluble Sn-phase.i

10.4 m magnesite In varying proportions with dls- with vague relict fine magnetlte,hematlte In Steatltlsedl carbonated ;-,liJqneslen l
semlne~ed fine to ultraflne magnetite. granular mesll-textures. relatively sheared serpentinite. Prl~narlly a flne- to r

zones. mcdlur.l-gralned granular Ilo ll v l ne ll !
1humlte) rock.

I U opSI 0 Rock. Virtually massive dlopslde. Coarse-uralned, Hlnor traces talc, Probably a vein. Devoid of meta- l
21.~ m granular. Weakly chlorite. quartz. somatic features and (primary)

Imicrofractured. accessories. Talc, quartz. heal late f
l.S. 35960) subparallel fractures. I'

-
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Cla5Slflcatlon COll1posltlon Fabr Ie Access.' Samo Ie I~o. - COll1illcnts

SD 15 cont. Antlgorltlc Marble. Calcl[e a9grc9 5 partly ·rhclpiently ballded~ 11Jnor t es talc, Mildly stressed.,Relatlvely pure

326.~ m
replaced, veined by dolom(te-ankerlt~. Sparse I'aedll.un-gralned marble. brucl te. pyrltlsed marble, but wltl, close affinities
antigorite ~ggregateSt Sparse, part Iy Ant i yorl te pseudor;lorphs pyrrhotite. to SD J!,/215.9 m.

(T .5. 35961) m~rtltlsed r:1~unetrtet Itol Ivlne" 9rains.

.-. .r ~ Scrpentlnlsed Skarn • Variably talc-magneslte- Relict fine to mlcro- Sporadic chrysotlh Primarily a banded garnet-dlopslde-

33~.2 m
stained antl~orlLe aygrcgates with patchy relic graflular calc silicates veins. olivine (lhurnl tel skarn. Extensively
of grallular dlopsrd~. localised zones of FIne mesh-textured to serpentinlsed (after Olivine, dlopslde
~llcrogranular andractltlc garnet. sheared serpentinite. wi th late stres"s. partial steatltls- II

! Graphitic Skarn. Fine-grained dlopslde, quartz Relict. sub- to 011111 Sparsely disseminated Skarnlsed carbonaceous calc-peTIte' •

33".8 m
~Itll frequent porphyroblasts of grossular- metric-scale banding. pyrltlsed pyrrhotite. with late Introduction of prehnlte.
andradite, semi-pervasive, late poikiloblastic Hornfelslc quartz. Close affinities with Sd 1~/252.~ m.
prehnlte; conspicuous graphite. dlopslde. r

,,'
3~O.2 m Antlgorltlc lIarb!e. Cloudy, selill-porcellanous J1edlurn-uralned marble- Traces corroded re11 ct IIlldly stressed. Altered chondrodlte

maojneslte, relatively clc.:lr dolomite, patchy like \~ith evenly 1chondrodlte. Minor nlarble wItll close affinitIes to
~corroded relics calcite. frequent extensively disseminated antigorite traces pyrltlsed SD 1~/215.9 m, SD 15/26.4 01 ,

leached, opaque-stained antigorite aggregates. clots. pyrrhotite. (1289./' m). ,

G~~.~-Ulop?lde-Vcsuvl~nlte Skarn. Granular to MccJlum-gralned. weak traces quartz, epldote- 11ctilsonot' 5cd 111 11mes tone ll • Devoid
polkil Itic grossular-andradlte, closely Inter- cOr:1posItlonal banding cllnozolslte, minor of definite relict clastic features ~

38~.~ m grown dlopslde, ~ubordlnate, 11ear-lsotroplc (metasomatised, relict) traces pyrltlsed Dnd relatively weakly banded In f
vesuvlanlte, patchy ~nkerlte. wcakly mlcrofractured. pyrrhotite. comp.nrlson with e.g. B~.8 m.

,
.

~Iornf~ lscd Arkose. Orthoclase wltl} subordinate Fine- to medium-grained 11Jnor traces fluorite. Affinities with SD Ilt/BI.5m, 373.~ 01,·

398.5 m
to liIlnor qUiJrtz, II-biotite, albite, dls- Ilornfclslc, with sub- Sparsely disseminated but distinctly meta-arkosic, blotltlc
sCllllnated pyrite (partly after pyrrhotite). to fine millimetric fine silt-sized reI let (mildly tnetasonatlsed). Cordlerlte-
Minor cordlerlte. relict bedding lamlnatl ns. detrital zircon. orthoclase Indicates pyroxene horn~:l

Biotite IIGranltc ll • Orthoc Iase-m Icroperth Ite Coarsc, weakly ortho- Rare lpr Imary) drav Ite, Mildly grelsened. Strictly

~OI.9 m
and quartz, subordinate, weakly serlcltlsed/ clase-porphyrltic, ralnor traces monazite, ada~el1Itic, but verging on granitic. '
muscovitlsed oligoclase, disseminated. partly slightly myrmekltlc, zircon, fluorite. Close afflnltle. with 115.1 m. ,.'
chlorltlsed TI-blotlte; granitic. 174. 1i rn. ,"

~18.6 m Grelsened Granite. Quartz and quartz-muscovite Quartz-tourmallne- Traces ankerltlc - Thoroughly grelscned (muscovltlsed,

rseml"'pseudomorphed feldspar, minor muscovltlsed arsenopyrite-veined, carbonate. Rare silicified) coarse granitoid. Near-
(T.S. 35968) biotite. Disseminated dravlte, schorJ. arscno- vague .. relict coarse- fluorite, chalcopyrite. Identlcalwlth SD 15/200.~ m. ,

pyrite, sparse pyrltlsed pyrrhotite. granitic (slm. .01.9 m) f

,"\

\ .
• , ,
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DETERl1INATION OF TIN-BEARING HINERALS

1. INTRODUCTION

Two products of metallurgical test work on a tin-bearing are were received
from the Chief Geologist of Renison Limited. The products were the +106-300 I,m
magnetic fraction from samples Band C. The request Was for probe work to
determine the tin minerals present.

2. PROCEDURE

Epoxy mounts of each sample were polished and scanned using an electron
microprobe. Details of sample numbers are:,-

• Sample

EPB

EPC

Polished Section

29782

29783

•

3. DETERMINATION OF TIN-BEARING MINERALS

Sample: PS29782

Tin is present as inclusions in spongy magnetite. The inclusions vary
from a few microns to 40 microns. The tin content of the inclusions
approximates 50% and there are manganese and iron also present.

Sample: PS29783

Tin is present as inclusions in magnetite of cassiterite up to 20 um
in size but is mainly present as the tin-manganese-iron mineral, also
included in magnetite, which is up to about 50 urn in size but is usually
smaller.

4. CONCLUSION

The main location of the tin in both samples is in an iron-manganese-tin
oxide mineral included in magnetite. A minor part of the tin is in small
cassiterite inclusions.



0" 0 Interim Rcpo1-t - St Di zicr Stanr.i:'j~rous Skarn
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Aim

The aim of this investigation is to arrive at an

understanding of the nature of I and factors controlling, tin mineralization

at St Dizier, a mineralogically unusual contact metasomatic deposit in

Western Tasmania. It is hopeful that this will be relevant not only to

the possible development of this particular prospect, but will contribute

to the understancing of such deposits and hence assist in the search for

and exploration and development of them in riestern Tasmania and elsewhere~

Tenure

At present, the prospect is covered by three Mining L~ases Qf

8.0 ha each, held by Mr R. Laffer of Zeehan, and is being explol:0o by

Renison Limited, whose co-operation is gratefully acknowlecged. The

surrounding exploration licence (i:.L. 47/71) is held by Gippsland "li"crdls

N.L.

Outline of Gpology

At St .cizier, Dcvoniar. adamclli tc of the Hccmski rk Grani t(.' (las

intruded a steeply northerly dipping Eoca..'T.brian sequence of shale (foot:';a It) ,

dolomi te, and quartzi te (h,mging I,:a 11) • The first two forr.Jations have bee:)

cont~.ct rr.etamorFhoscd to andalusitc sl-ate- and skarn respectively. 'I'h,,;

skarn, now extensively sert-"lEntiniLcd, evidently provided a chemically

favourable envircnment for magneti t •.- and tin mineralization.

Since OUlCl:OP is i!00Y, the source of most infor"on.:Ltion 1.5 front

the thirty-fol.".r holes uri] }cd .J.t various tili10S in rccc-:nt yC··:J.rs by (Ci U 1.-

different companies. IIow('v~r, coro: and in some cases logs of the earlier

holes is not avai labl" or has hEC'11 lost. A further eli fficulty i~ that

many of the remaining heles are v"ry shallow and, l;:,r,jely because of th"
•."
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deep weatheri ng, recoveri es "ere : ,,,or. Thus core from only about fi1ri"

~f the holes is worthy of dctailc~ study.

Because of the nature Gf the deposit and the resources

available to the Department, this cnvcstigation is confined mainly

to mineralogical, petrological ana geochc~~cal aspects. For example,

some of the geologically more important problem5 to be considcred ar8:

(a) the spatial relationship of the various skarn assemblages

and the mineralizatio~ to the granitic intrusive and to

the host sediments;

(b) the sequence of forrn&tion of the silicate, magnetite,

tin and sulphide mineralization;

lc) pressure and t'emperatuH:Os undpr which the various

asserrblag0s f~rm~d anJ tin mineralization occurred;

•

(d)

(e)

the source and composition (c'.g. X
e02

> of the fluid phas,~

or phases during met~~Drphism, its influence on and how

it was influenced by various reactions that took place

and the physical state le.g. permeability) of the sediments;

the Gcgree and nature of metasomatic introduction of

material from ~hc intrusive;

If) the source of th<:, ira" deposits as magnetite;

(9) the mode of occurrcnc(-, of tin, as cassi teri tc, as other

discr0t~ till mint'ralr u.nd in the lattiC(~ of ro\.k forlnioq mint~raL';;

(hI th.. nature "f th" or, -forming solutions, and the physic,)!

(i) the natur(' of t)w posl ,""tamorphic a!t"riltion, includin"

it,; effect, if any, "" the distritceuLion of the tin.

•
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(a) Available company dal~. mainly derived from drill core,

has been reviewed. Lcq~ havE been drawn in diagrammatic

form, and structural iI, [ormation available from them

(e.g. surface geology, form of granite contact, dip and

strike of thc skarn fCDtVlall and hanging wall) has been

plotted in plan on base maps. Zones of high assays

for tin or other elements have been note d. Previous

petrographic data, ma~uly compiled by consultants, has

been su..rnmarised .

(b) 'l'he core of SD9, 10. U and 13 has been inspected and

sampled with rarticular regard to economically or

mineralogic"lly interesting zones. Twenty-seven polish"d

thin sections have been prepared and petrographic wor!;

has been completed On the first batch (tw8lv8j.

(c) Approximately seven hours of electron probe microanalysIs

time has been spent, c:liefly in cha.racterising the mr2ta-

• (d)

mor~ic silicate phases in the skarn .

A literature study o[ metamorphic phase relations relevilllt

to this deposit has been comm~nced. At present,a nearly

complete quali tativC' cmd8rstandin9 nf thc system most

relevant to St Dizi,r. CaO-MgO-SiC2-H20-C02 , has b8en

reached, arid plotted 1.'i. the form of ternary phase <liagrains

and i sobari c 'f-XC02 dl.<.19rarns de!:"i vc-d from various sourc,;~:.

Data ar(~ ilv.:lil.J.ble to }JartialJy qu.:..ntify this, t-lhic.::h wil L

assist in <1ct~:rr.linill(j tile physir.....i.l condilions .Jnu pnJcc::,,;~cs

of metamorr'hislil and 0.1.- .. ' deposi licD.

addition of iron, ah..ll:lin3 and L.ll~:alis anl relevant and an~

being considered, alt"ough at this stage the system becom8s

too complex for a con:prehensi V~ treatment, and experimental.

data on many min.8rals appears to b8 scanty.
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(e) References to simild1· m"gneti tc-rich contact metason:atic

ore deposits are bci,'g studied, with particular regard to

ideas and evidence O:-l their gen,esis which may be

applicable to St"Dizier.

(f) Partly in connection ·,nth this project, information on

the mineralogy of till 1". being gathered. A list of some

fifty minerals eontaioing essential tin has been compiled

(see appendix), and although most are very rare, some are

known to occur at St Dizier or in similar deposits.

Information on their pilysical a.ld chemical characteristics

may be relevant not only to their genesis but to their

likely distrioution \·:ithin the skar:l and the metallurgical

characteristics of ti,e orc. Some information and ideas

on the substitution o[ low to trace amounts of tin in

rock-forming silicatcs has also been found.

Present St~tu~ of Project

At this stage it is 1I0t intended to comprchensiv.ely desct"ibe

thE" geology of St Dizier, nor is it possible to prescnt a complete model

for its genes!.s. Hm-J'cv0.r, the directions along \'lhich ideas are

developing are outli~ed.

Previous vJorkc'rs huv·.' interpreted tIle IIsrrpentinitc'" at

St Dizier va:r.__ iously uS .:.Ln ulte:rl "j ultram.:lfic «('.g. loCJs of (~arLy q.rillinq)

or as an alte;red skarn d<'lriinatt:,:IJj the diCl"ldrc;(Jitc.-!lumitc "'Jroull IllLI:cr":tls"

(e.g. H.I'. F;mde,"). TIl<' currer,l '..lurk has "1'OVill that, although the ~1;aLll

interpretation is corn·eL, the l.i-")';,..1J1ant sjlic(.jtt":: phil:iCS ar.,' ~~toic.:hLc.;!10tric

diopside anu forstl~rit\· (F0
97

l'''j!. DuriillJ 1)(1~;t-I'1l\l:amoqihic ...11t.'ration,

the lattcrrr..inl2rtl.l h.J..s ll,:' ........ n lar'j.~'ly scrpl.\lltinlz,·d, whilst th~~ ulu[Jsi,l(~

alters more slo\.Jly, fi n.t to a t,t:.~rly crystililinc hydratC'd ph.:lSl~. Othc..·r

silicate minerals identified arc tremolite, clinochlore and other magncsian

•
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-chlorites, rh1olJopili.! ."1nci biot-l L... , the cillciuiil mica clintonite/

><anthophyllite and pos' iLly t',j(..

A striking featurE ....:l t.ile silicates is their very low iron and

.Jnanganese. contents I dC5pi te thl ?' ~oanc€: of mo.gncti te in the ck'posi t ~

This is in striking contrast i( L...::.:.ny othel skarns (Ceg_ Kara, Grassy,

Ban Ban). ll.l'drousanu alkali-hc&.iing minerals arc generally ccstri-ct:cd

to veins a!ld veinlets in the mnir. skarn. For instance, a common sequence,

passing ollt\-1drd from tile axis c.lL i:. vein, is cryptocrystalline, colloidal

lI1agnesi te/phlogopi tC'/chlc; ri tc,' ,,,",,,,.oli te/diopsi dc- fostcri tc rock .

It is thought that t;;, initial precess [ol101<iog intrusion

of the gr.:::nitc \-las cS':";f:ntiall~ ~::/ichcmica] In<.2tamorphism of the impure,

siliceous dolor.dtc. As large v~_;Jtj;li~S of CO
2

~/ould be released, this took

place in an almost anhyc:rousl, ..... , CO 2 phast...', and little or no hyc1ro.~··~ t'hD.~0S

were formed. At a slight 2,;.-' L.l 1 ~.tage acidic, u'1U(..'ous fluid IJI1<-lS(' i

bearing Fe, ?Ia, K, Sn, BLind J <-uO Cl were rcleasr~d from the solidi[-,/lng

granite, penetra.ting thG rHop.sicL·-fostcrilC' skarn along fractures and ot:lC:r

zones of 'tleal~ness, and fOl-;nin':j ;,clllcrals such as trcmoli to, chlori tc c1r.d

micas as it interacted \·lIith ti.· ~}:arn. In the axes of these vcinlcts,

pyrrhotite v.. as oft"n'd,opo"iteG, /.Jut as th,c granitic fluids mingled ,·,i"h

the CO2 rich rr,l?tamorphic fluiL:, 1'1' yose and possibly pO;. fell, causi,,,) l~"Je

quantities of m."1gnp-titc T,'"' be :;YLcilJitat"0.d. Most ~}()rkers on similar

magnetite sy.anl deposi t!; "<";ns~ I;' rUle mognctitc to bp of hyd:E"otil(.~r[il.11

L,C oriyin, ,::.i1d in :;om0. in5ta'nc~~s U~i:..

condition:; of !i1I··tatll()q,ili~:ill Wil, ..... 1' cC'rt,jjllt"'/r !_I:ifliculi1L"ly as LilC{('!l ...... n.:.!c"jll:

of forstC'l-ilt.... and tlicl':.ic'p' it•. :i.liJibrium \·:itil ":i1), (~~;!";cntiaLly llur...; C(),~

fluid, and n,·.J,cting to produc. lr-L:l!lolite ~}ith the introduction of w,ltcr,

will impose .:l. mini moo tC:liiilcratl.lrt: at a given pressure, probably ~lbout·
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540 0 at 1 kb or 580 0 at ., l<b, fa) ehe fonnation of the silicate

assemblage.

At present, minor c~~~iterit~ is the only tin-bearing

JlIineral identified, al though "JrJ. on sarr~)les reported to contain th"

tin borate, hulsite, is in pro,'f'.'ZS. The tin content of the silicate,

phases, and on the limit~d data available, the magnetite is below the. . '
normal electron microprohc det,'ction limit (a few hundred ppm). The

model outlined above suggests L~at tin mineralization will be ~atchy,

and confined mainly to veins c.f hydrous skarn minerals, as cassiterite

and hulsite. Probably tin d~rosition took place fairly late in the

skarn genesis, after mctarnorphjs.:.,: and magnetite deposition. This is

in marked contrast to Mt Lind~ay O::adington and Kinealy), where meta-

somatism took place early and tin is highest in the prograde a~scmiJLlqes"

Proposed Futur0 ~'Jork

(a) Further p"tro(jr<lph" including both transmitted and refl·c'cted

light \-lork and elL·....:tron probe microanalysis where WuCrC1lltC'!cl,

on the thin '.,-ctio"s <olready prepared. No further samplinq is

planned for some time. The less altered (not serp~ntini~ed

samples) cont,.,inir.'j primary assemblages will be the most

genetically signific~~t.

(b) Quantification of r....c1.e:vcJ.nt rn~tu.rr:orfJhic; n:~ilctions, from tl_1t:l.

of gcothCrr1l0L" try {,~~l:i" the c<J.lcitL-dolomitc solvw-;, or

oxygen i.s()tO!-I~ diJld this shuuld c-lJ.:Jbll.' cl more cert.~in

(c) 1>1uch more ,,"Jod. is· !1('l:U'U on r.h<: JlIO(j(' of nt::currl~rH;ll \)f lill .It

St Dizicr. L':Jt"gcly l,,-c,Jusc of itt-,; pirtchy di.stribut it)H, t"l:':W

with high tin .:lss~ys, contain tin mineraliza.tion. 1\i,arl froti1
•
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microsccpic h',-rk, X-r., diffruction (for identification

of possiblE: nr)n-cas:::: ~ t~ ri te phases) and electron microprobe

analysis should be useful techniques.

(d) Analysis of ~a9netitc for trace clements, including Sr.,

Ti, Cr, V, Ni and Co, could be significant from both

genetic and ecollomic Vi(·\~7points.

(e) If obtainable, a chemic"l analysis of 'the original,

:') '-,'
V iJ

•

•

unaltered carbonate '""uid be ,useful in interpreting

metamorphic phase reluticns .

•

•
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The Hineraloqy of Tin

Although only c(1~sit('rit0 ':'O;J stannitc are well known, at tC.J.st

forty-eight '3s~nti<J.llit" i n-heuri n"-J minerals exist. The majori ty ar2 very

rare and are kno\":l1 only from 2. fcv.' locali tics, whilst some, such as

malayai tc ,are increasingly bed ilg recogni sed and may be much more co,rJnort

than previously thought.

Each class of minerals tends to be restricted to a particular

geological environment. Thus the- tin sulphides and sulphosalts are m05tly

found in hydrothermal caSsiterite-sulphide vein deposits such as in

Bolivia and Japan; naturul ti n alloys in mc,gmatic platinum und nicke 1-

copper deposits; niobo-tantalates in granite pegmatites, and silica~es

and oxides variously in both ska!"r.s and pegmutites.' However, in most

environments in which tin I;lay bE concentrc;:.tcd, cassit~rite 1S t::c staLle

tin mineral.

In certain circuiIis"t,:."nccs, rarticularly in fikurns, apprecL.iblc tin

may substitute in the lattice of c~rtain oxides and silicates. The

available, scanty data can be rationalised by simple crystal structure

The following list is for the most part simr1y a summary of th~

data in the literature. The mor~ important references are given, ~nd

fro~ them further references Ci:,;n Dl: obtaincd. In addition, son:,,-~ more:

general sources of informiltion <J.Ye::

Pala.chc, C.; Berman, II. ~ Ll"ur.idel, C.. 1051, II Dana I 5 Sy::; tL~m 0 f

Hineralogy". 7th Ed., Vol,. I II, ~'l}ilcy, Nc'd York.

Roberts, W.L.; R.1j_p. G.i·. t- \·~eber, J .• 1974, "Encyclopavdiu of

Minf'ralsl1, Viln No~;trLll1d 1~;'inhLIJ cu., N(\J 'lurk.

Vl'asov, K.A. (cd.), ]~164, "Gl\ochcwi.:Jtry and Mi;i0.l"dl(;0Y of {,1!"::

elements 'lJId sen"tic type'" "f th"ir dq:o·,it". II. ~tin"ralo'lY oC

Rar0 Elements", Trans. I:£"rael Proq. for SCiCHtific T!"anslation,

•
Jerus.:L1em, 1966"
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Native rrin Sn

•

Tetragonal 14,/iU1ld (6 or "hlt,o tin, SG = 7.28), changes to cubic

Fd3m (cr or grey tin,SG =.S.77) belOW 13·C: Opaque, white, metallic. H2.

Ductile and malleabl,", hilckly fr;:;.cture, no distinct cleavage. 1\s minute

embedded or rounded grains.

Occurs in calcit~, associated "ith pitchblenqe and base metal

.sulphides at Nesbitt La Dine uranium mines, Sask~tchewan. Also reported

from Oban, N.S.W. and from volcanic gases on Volcano and Stromboli .

Natural Alloys

Stistai te

Light grey, opaque, metallic, malleable cubic crystals,

0.02 - 0.15 mm in size, lacking cl,~"vage.

SnSb

•

Occurs in placers n~ar the ElkiaidQll R" Uzbekistan, U.S.S.R.

Reference: Nikolacva et a1. (1971), lilll.Nin. 56, p. 358.

Pseudohexagonal. Soft, sectile, highly reflectant (62%) white

rounded grains (l mrr.) , surrounded by malachite.

Occurs in oxidized orcs of th~ wolfrcJ.I'1i te-cassiterite mine at

Panasqueira, Portugal. I\lso reporteJ fro", placers in Borneo and

Uzbekistan.

References: Clark (1'170). ",,,.Nin. 58, p. 347; Stump[l & Clark

(l9G5), Trans.lnst.MinlnCj ,.,,,t. 74, 1'1', 933-~('.

Niggliite rtSn

Ifc:xa<Jon~l P6
3
/rnmc. ;·:inutC' siJver-w/dtl opaqUt' metal Lie yrains.

SG = 13.44, 113, brittl~, "0 ckav':l<J".

Associated with cubanltc, galena, chalcopyrite and parkeritc at

Waterfall Gorgc, Insi",,,a, S. Afri ca, and wi th s tannopalladini te, hessi tc.
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platinum und t('lluridL's CIt r·ionchcl,(\l-sk, U.S.S.R.

Refel·ence: Groeneveld H.-ij, 1 (l9S c», Am.Min. 40, pp. 693,,6.

Stannopalladinite

•

Cubic. Occurs as 0p.'quc, bro\-;n-rosC', elongated and rCUIldcd

crystals, SG = 10.2, intergro.....n ...i th nigg Ii i te in association wi th

hessite and platinum-palladium tellurides at Nonchcgorsk, U.S.S.R.

Ref",re:-,ces: Maslenitzky et ••1. (1949), Min:Abs. 10, p. 453;

(1971) Am.Min. 56, pp. 360-1 .

paolovite

Orthorhombic Pbn",. A lilac-r·ose, strongly bireflect,mt (41.8"0 -

61.8%) mineral occurrir.'J ,)s polys:.'nthetici.illy twinned grains int0.r-

gro'lln with native siJvl\r, spcrrylite and other platinum minerLlls,

•

in the Cu-Ni sulphide orcs of the Uf,tyabyr deposit, Norilsk, U.S.S.R.

Reference: Genkin C't al. (i<;74), ruu.11in. 59, p. 1331.

Rustenburgi to Pt
3

Sn

Cubic Fm3m; 6rden~d and disordered fori.is. Small (100 J-I), 1 ight

cream, highly rcflectant (c. 58~) grains. !::=olid solution to atQkite .

In Cu-Ni sulphide orc from Norilsj" U.S.S.r<.; in platinum conccntrat0.3

from the Mcrcnsky Reef, S. Afric,"; also r,,!,orted from China.

References: t-lihaJik et eol. IJ<j75); lIJu.l·tin. 13, pp. 146-S0;

Razin & ByKov (1971), l\ILl~r·~jn. 57, I" 595; Ju. ,\ IJUcJllCj (l9F» , !\l.i.Min.

60, pp. 73(1-'.1.

Atokite----

So 1i <1 so Ilit iOll t"n

rustenb\lrgitei physical 1:~-G;·0rti\.';. very SillliJ.::r .. Loc~\liti.{:s ~Uhj

rcfC'rencc:s «1=.0 as for rWjtI'1ll",:un1.1L'.

•



4.

Sulphides ilr.d Sulphos,lts

Herzenbergitc SnS

Orthorhombic PbnlIl. Opaque" !:1"tallic, hlack, SG = 5.20. Mi1ssive

and fine graillcd. Associ~tcd ~itt cassiterit~ and pyrite in the Maria-

Teresa mine, Huari, Bolivi3.. Solie solution to teallite.

Reference: Nckrasov et al. (1974), !".m.Nin. 60, p.163.

anisotropic with orange-blown intornal reflections. Occurs as small•
Ottemanni te

Orthorhombic Pnam. Opaque . In reflected light,grey, strongly

•

twi nned ] athcs rcplacinlj :~ tanni tc- .:..:.nd replaced by cussi tcri tc in

secondarily C'nriched tin :.ulphide ore at Cerro de Potosi, Bolivia .

..
Reference: Moh & B,'rnot (1~C5), Am.!-'.in. 50, p .. 2107.

Bcrndtite SnS
2

Trigoni11 P3rnl. Minute '~r"y. transluccr.t tabular crystills.

Very soft. Streak and int0rIliJ.! rt:.:-flections Cjoldcn yellow. Occurs as

very fine inclusiorls in pyrite \·..hich has replaced stannitc in

secondarily en·richcd car;s.i leTi te-.::.ulphide OtT I Cerro de Potosi, Ooli.ia .
•

1\ hexagonal polymorph i s r'~l:ortcd from a cossi tcri te-wolframi te mine ~]t

·Panasquei ra, Portugill.

References: M~h ~ ecrnci~ (1~05), Arll.t·lin. 50, p. 2107; Clark (1c)7~) I

lion. Hin. 58, p. 347.

'l\:alli te rbSnS 2

Occurs in cassi tc-ri t.c-sulph i d,~ VCiIlf.. from numerous tocali tics in

•noli via; it1 so reported frola Frei bc·rcJ, Genr.auy.
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Ut)l
References: Nekraso,' lOt al. (974), Ar;;.Min. 60, p. 163;

Chang & Brice (1971), Hin,'rill.H~g. j", p. 186.

Stannite
"

i,

•

•

Tetragonal I42m. Opaque, metallic grey to grey-black, often

,tarnished blue. H4, SG4.44, cleavag~ indistinct, fracture uneven,

brittle. Usually massive' and granular, sometimes as twinned crystals~

Widespread in hydrothermal c~ssiterite-sulphjdevein deposits;

rare in pegmatites. Strc'Ogly covalent, similar to chalcopyrite.

Kesterite, KBsterite

Tetrago.nal I42m, pseudocubic_ Opaque, greenish hlack. 114-!i, SG4.54-

4.59. No cleavage, massive. Soli" solution to stannite.

Occurs in quartz-sulphide veIn:; in thEe Kester deposit, Yano-

JI.dychansk, U.S.S.R. and U", Snov:fl~kL' Mine, Revelstoke, British Columhi.,,

Reported in complex pegmiltitcs at "ernic Lake, Manitoba and Keystone,

S. Dakota.

References: Ivanov & rY'l~,en;:G (1959), lU1.l1in.44, p. 1329; Kissin

& (Mens (1975), Cim.Min. 1], p. 30'-;; Sprinc;er (1972), Can.~lin. II, pp .

535-41.

Tetragonal 142m. !)tct:l grey, ffi..:talljc, 114, SG4.6-4.8, no cleav'-.l(F~

observed. PhY~jically silnilar to, LI1J iSOf>tTU( lur.J.l with k...-:·stcrit,~.

Occurs as small (200 ).1) \jrains int".<.:.rgrown \.=itll kc·stcriLr~ und

tL~sociatcd with variou~~ .ltl10[ sulrJ~;id(~s at tIl; 'I':1I1CO Min0, [l;::cni<..: Lak·::?,

Hanitoba and the lIugo Nirw, KC~'stOi:'_, s. D.:J~GtZl.

Am.Min. 64, p. 653.

•



•

•

6.
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IIncarti te Ag 2FeSnS 4

Tetragonal, Pl"~i·)~lhly isostru\.·..:ural witlJ stannite. Occurs d.J

small « 1 nun), brownish grey inch.sions in sphalerite, wurtzite and

stannite in tin minus in Bolivia a~u at Fournial, Prance.

Reference: Caye et .11. (1969), Am.Min. 54, p. 573.

Sakuraiite (Cu,Fe,zn)3(rrt,SnlE:,

Tetragonal, probably isostructural with stannite. Opaque, greenish

to steel grey, streak lead grey with' olive tint. 1I4, S(;4.45. Fonns

an exsolution texture (up to 500 ~ x 30 ~) w;.th stannite, associated

\'dth cassite~ite, sulphides, calcite- Wld quartz in a vein in the [kuro

mine, Japan.

Reference: Kato (1963), Am.:!in. 53, p. 1421.

Cubic l-'43m. ·OpaquL', metallic, bronze, streak black. H3-4, 5G4.SrJ.

Usually massi VG, somctimc~s as tetr·:·;-aeural crystals. Associated wi th

enargitc and other copper. sulphid2~: and su1phosalts at nutte, Mont.J.na,

and Rcd NOtJ...'1lain, Colorado, U.S.A., und at Chclopcch, Bulgacia •

References: Murdoch (1953), Am.Min. 38, pp. 794-801; Dangel &

~Iuensch (1970), Am.11in. 55, pp. 17f;7-91; Tcrzicv (1971), Am.Min. 56,

pp. 1847-54.

Stc1nnoiditc
T TT[ IT [V

CUaF('2 (Zn,I',' )5"2'
L~

Orthorhollltic. Bri1::fi br01,o1l1, j:., L.:...llic, !~Lrc,:.h dc1rk. brc,\.,rn gn'y. HIl,

,
cassi tcrite-~u]phide wn II (/q,osi ts (~f JUP<JI), ;..nd .:",t the ChI: lopedl copr:c't"

dcpOrii t, Bul(}lria..

References: Kato (1<)(,<), hill. Min. 54, PI'. 1495-6; Yamanaka & Kato

(1976), Al:l.Min. 61, pp. 260-5; TQrziev (1971), Am.Min. 56, pp. 1847-54.



,... j"..(uti..,
:'

~ccrtain vali d.i ty - report':·'l frem the subvolcanic hydrothc.'cmal

veins of the Ashio COPf',:'l- mine, J;:';j.JaJ~, a~socia.tcd with cha.lcopyri.te,

fcrbcri te, cassi teri tf"' antJ othe-1" CU-Fe-Sn minerals.

lleference: Nakamura. in Ta ts o...,-..i (ed.) (1970), "Vulcanism and

Ore Genesis", Univ. of Tokyo Press, p. 242.

Rhodostanni tee

•
lIexagonal. Reddish. opaque. ':netallic. ~lassive. An alteration

product of stannite at Vila Apacheta, Bolivi~.

Reference: Springer (1968), HineraL~la'J. 36, pp. 1045-51.

f.1a.\-/soni t e

Cubic or pseudocubic, I lattice. Opaque, brownish orange, massive,

cleavage poer. H~--4. OCi:urs as lnclusions in borni to, associ'-ltcd \'/i t.<,

sUlphides a;-,J sUlphosalts at Ht Lj'cdl. Tasmar,ia; associatC'd with and

probably fOl'm"d by the rel,lacelnent of cassi tcri te by borni tee at thee

•
J'o..shio!'J.ne, Jupan. Also r~-~pol:ted from" Tinghi.:.L, N.S.W. i Mt Pleasi.l.llt,

Hev.' Bruns\.... ick, Canada, an,; the U.~;.S.R.

•
Refen'nces: Markh"", & L",<::::cr,cc, (196';). A,a.Min. 50, pp. 900-8;

Petruk (1973). Can.~lin. ]J, pp. ,E,-54; Ya"an"ka & Kato (1"76).

Am.Min. 61, pro 260-5.

lkmusi tc

onu ether ccppcr rnin:~r.:ll:-:: .1t CI·'(_}';:'I:coch, HL:}.:;.'... i-i;•.

"Rcfcr\'ll,'C': '1'(:f7.1 1:\ (lCJ"1!). 1.'d~r-1in ..~,.(., 11-.

H

f
sn-y with a. ri'ddisll tinge,

2l:i.SG (;,~
•

Str""k greyish - black.

Cubic 1 m3",.

rapidly tarni,;hing to pUl',']e-black.

Canfiel iii te-------
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Fracture conchoidal to 11l1C"VCn, bri 'l tll2. Crystals octahedLll, spinel-

typ" twinninc; COllUTlOn. Solid solubc:1 to argyrodit". Occurs in sulphide

vein deposits, often associ ated wi tl. argenti lc, other silver mine rals

and cassiterite; e.g. in Bolivia, ~'reiberg, Germany and Renison Bell,

. Tasmania.

Franckeite

•
Tric1inic PI. Opaque, metaLic, greyish black. 1I2~-3, SG 5.9.

One perfect cleavage. Crystals thill and tabular, flexible, inelastic,

tsomewhat malleable. Twinlling complex. Often in spherical, vertically

striated aggJ;egates; also ",,,ssi ve, foliated or radial.

Abundant in hydrothcr"'7lul cassi tcrite-sulphide veins in Bolivia,

occurs with rr.eneghinit8 ano stannitL" in a skarrl at Santa Cruz, Californi-1i

at Rcnison Bell, Tasmania; Llnd els·~~·}herc.

lncaite

•
Triclinic; alternati"'J pseudctc,tragonal and pseudohexagonal layers

in .§tructure. Greyish whi't,~, stro:1g1y a.nisot.ropic, one excellent clc.:l.varjc,

reflectance 28~-34~. Occurs with ~tannite, as very fine lamellae

. replacing cylindri te at 1'0',,',0, F.oli via.

Reference: Makovickj (1974), ,"\m.Min. 60, p. 486.

Cylindrite

Orthorh:)i~:bic. OJ':'Cjll<', mctL11.!.ic, blild,i:_JJ lc.ld-rJl"Cy. 112~, ~;G 2.4(,.

\oJi til f,fanckc i tl', sphcJ 1c)- it

Vt~infi in,Bolivia.

•
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9.

O~ides (including niobo-tantalates)

Cassiterite Sno
2

Tetragonal P4 2/mnm. Colour and' opacity variable, usually dark.

H6-7, SG 6.99. Cleavage {laO} imperfect, {lID} indistinct, {lll}{Oll}

parting. Fracture subconc1,oidal to uneven. brittle. Lustre submetallic

adamantine to vitreous. Cl->'slals ~;Iiort prismatic, b,ipyramidal DC

slender prisr1la ti c (need Lc-tin), t\';i f11".ing COlwuon. Also granular, or

botryoidal and reniform (I.'0od-tin).

Widespread and locally abuncC'!nt in v~ir.~, skarn!], gn~isens,

pegmati teSt placers and less com:no:-il~' in rhycl i tes. Varieties include

ainali te I varlamoffi tc .:-md hydroc.:..;.:::;z.::l teri tc (qv.).

Romarchi te SnO

Tetra<;oHal P4/mnm. Flack. 'i'il: PilnIiikin!; lost in 1:hp ~o,finnip0.g R.,

Ontario, early last c('ntur~' were rf-ctJvercd unci found to be cncrw",ted

with this 5uhslancc. ACCC'Ftc:d,J.s '-' mineral by the I.M.A.

Reference: Organ & p;Clndarinc, (1971), Can.r·lin. 10, p. 916.

Hvdr0marchitc. -

Triclinic. White. .~;vde of Gccurrer.CL: unc1 rcfcr(;nce as f~)r

rornarchite.

lJigc-ri tc

lu!:trousbro;.'n hcx,:HjOn.:'l I J'ltCS UIJ t.o S mill 1,,1 h,On· acro~-:~;. BU';, ~;c .~. ',j.

/

Oc{;u.:fG in a~';o~-:,i.:ltion witl: r.,J,ssitt.,jtL.', CCllJ;101 jll', lJahntt(~, chr-y,:uhcryl.

i!.n.d.l1usitc, :... i 1 Limanito ar:(i.q~-t-z.. 1ft pcqw;ltil.!; in tll'- ECJll']' district,
. ,,,.,,,,

Ct:ntral Nigt~ri.1; and \t.'it!l'I'()llo(oLi. !:\~Ignctit(. fluorite, bintiti..', '.Jahnil:,

corundum and c;lssi tori tc:' i 11 a skar.\ at Mt G~dlll" t, N. Qucl~nsland.

Refl>renccs: BannistC"r et .31. (197'1), Mineral Mag. 28, pp. 129-3G;
•

Peacor (1967), 1\m.Min. 52, pp. 86'1-ti; Grey /; Gntehouse (1')7'), 1\m.Min. ,;",,
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Schoenflicsi tQ

Cubic Pn3.

.'
MgSn (Of I ) 6

O~'curs "assiv,,', _" extn·mll y fine (~o. 05 ~) partie l2S,

,

as an alteration of hUJsite and :as~Qciated with magnetite, fluorite,

lua..;igite-vcnsenite, calcite, sk.a~jJ silicates and sulphides, in a con;.: !'.:t

. metasomatized. dolomite adj<-:.ccnt tu i:l granite at Brook!i l-lountain, Alaska.

Reference: Faust & Schallcl' (1971), Z"it. fur:.Krist. 134, pp. 116-41

(in English); (1972), ,\m.Min. 57, p. 1557.

Cubic Pn3rn. Bro\Vni~h yello.,-} octahecr,,] crystals in a manganiferous•
Wickmanitc MnSn(OH)6

•

skarn at L~gban, S\,;c>dc:n.

Refcrence: Noore & Smith O'>(7), Arn.!1in. 53, p. 1063.

Tctra\1ickmani b' NnSn (all) 6

Tetragonal P4
2
/n. Transparc-I-ll to trclw;luccnt, honey ycllo\oJ to

brownish orange vi treous (";. y stals ':lD.d rounded globule s. No cleavage.

SG 3.65. A dimorph of \"!id~lr.(J,nite Gccurring very sparsely in a SpOdUI.:2nc

mine, Kings }!ount~in, N. c~.~Glin4J. Flssocier.tc..:d with bavcnitc, siderit2,

rhodochrosi to, eaJ.:cri t;c «(1 \'. ) I qUEJ.~-t:.z and alLi te in a pcgmati te .

Refercllc'2: lvhite & N"len (l'J73), Nill.Lee. 4, pp.24-9.

Ixioli tc
':;T.

Orthorho!i1.bic, i·can. \;paquc, :ill tillli\:. id'-..lcki~jh to :>tc:cl grc·y.

COJu~"':.osition, closely IT}.1f ;J to \\·(·,.:t,;inite, \~\'IUr;ij:it(:/L.-u\l.lli..tc ':'U1J

Tabba Tabba, \'i. Au:~tr.1]jd, ;-:I~d in li~\· U.S.:.i.~·

Refer(:nc~s: Nickp.l ,.'t al. (]')G3). "",.Ilin. 48, pp. <)61-79; Pryce (F,7l',),

J.Roy.Soc. !'I.A. 53, pp. 6';-8; GraL"m & Thornber (1974), IIm.Hin. 59, Pi'. i02-.1";

lIoqarth (1977), Am Nin. 6", rp •• ~(13-10
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•
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i; ;

Honoelinie PC21e er Cr. Rea~>st brown to almost black, subm~t~lli:

spheroidal, tabular or irregular gr~.ins, som"tim"s forming partially

radiating groups. H6, SG 7.19-7.81. Contains 12-17 mol • 5n0
2

.

-An ordered, but slightly distorted ~tructure. Occurs in pegmatit~s at
•

Wodgina, Western Australia, Bernie Lake, f.1anitoba and Sukula, Finland;

also found in alluvium at MQrble Bar and Tabba Tabba, Western Australia.

References: Nick"" et al. (1963), Can.~an. 7, PI'. 390-402;

Pryce (1970) J.Roy.Soc. W.A. 53, PI'. 65-68; Vc~ma & Siivola (1968),

'- Arn.Rin. 53, pp. 2103-4; Turnock (1%6), Can.l-lin. 8, pp. 461-70;

Graham & Thornber (1974), ]\.a.!1in. 59, pp. 1026-39.

Thoreaulite

•

to yellowish, adamantine to resinouS lustre. H5~-6, SG 7.5-7.9.

Cleavage {100} perfect, {Oll} imperfect. Occurs in granite pe9mtltites,

associated with cassiterite and lithium'and nicbiunl-ta.ntalum minera.ls

at Monona and Punia, Zairc; at SeLcia, Ri.-Janol.l.; and in the U.S.S.R .

Referenc" : Mumm" (1'./ D), Am. ;·li n. 55, pp. 367-77.

Cubic FdJrn. Occurs ,-.::; rnir,utE, hard, '}<.:1101,ol brown transluccllt

inclusions ill cassitcritt"'o ,ilic:h if.: .r-c-placLny"ooCjillitr., in pcgmLltit0. ("1t

Sukula, Tamn.'l.1., south w,--:'t Finl2.;"tc...1. Iso,~)I:~ l;cti..lrt~l \-/i th mier-ol it ....,;

lIogarth (1977, i\m.!hll. ,,2, rr. 40:;-ltJ) sU'J'J".L'; jt be rcnam"d

stannornicrol i te.

Refel-;'~l-ICC: Vormil



Staringi t"

1 c.

(F, .Nn)v(Sn.Ti)6 3 (T.3.Nl» °
A - x 2x 12

Tetragonal P4jumf;1. ~~ ::.ISS i vc, compact, t.l ack. H6-6!j, SG 7.2,

no cleavage. Lo~"'cr symm(~try than CL::.ssi teri to, rutile or tapioli t..~.

Typically x 00.5. Occurs ilS small (20-50 ~) exsolution bodies in

tapiolite from pegmatitcs. at Serit3.>-:zenko and Pedra Lavrcda, ParaiLa

State, Brazil.

ReferEnc~: Burk~ et al. (1969), Mineral.Mqg. 37, pp. 447-52.

•
Silicates

Malayaite casnSio5

•

Monoclinic P2. fa. t-l...1ssi ve I transl ucent pale yellow to colourle3s

\r:ith a white streak and ch.J.ractcri:.tic yello....-green fluorescence.

H 3~-4, SG 4.3. Occurs <:s irregular grains. Isostructural with the!

low temperature form of s}-,j~~nc; tJ:.l: soIvus crests at about 61.5 0 at

about TiC. 75SnO. 25' above hhich ccmplctc solid solution ~xists.

Found as a late staS·' rr.i ncr.::. 1 in stannifcrous skarns in Nalc1ysi.."1,

Ja1?_an, Thailand and Con1w.:l11, typically associated with Itlolli:Lstonitc

and other calc-silicates. Also an cpparent hydrothermal alterati-oll

•
product of cassiterite in t-:C11aya 2:1U at Aranrjis, Namibia. Probably [,_)i-ras

in iron-poor skarns due to the inco:r,patibility of cassiterite and wolLastGni.li

Ref0r(:nc~~s: Ingham t.. Bradfo.i."J {1961}, i\ill.Min. 46, pp. 768-9;

Burt (1978). E.::on. G,'ol. 7' pp. 2C ,- fJ2.

Stokcsite

axinite at: lh'O IOC.:11itL·~ i!l Cornvr,il, ilnc1 fl"(J!,i l~C'gm.Jli,lc;, in

it iR formed at around 300'-400°.
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References: COlll'er & Cl"rJ.. (197/), Mineral. Mag. 41, pp. 41l-1';

Burt (1978), Ccoll.GeQI. 7.1, pp. 269-82; Nekrasov (1973), !\cad.Sci.

SSSR Dokladf, EarthSci.SC'ct. 212, pp. 126-30.

Pabstite Ba(Sn,Ti)Si)O~

Hexagonal P6c2. Colourless to pinkish-white; bluish-white

fluorescence. HG, SG 4.03. Occurs as smilll « 2 nim) scattered or

. clustered anhedra, rarely showinc crystal form, in a calcic skarn at

Santa Cruz, California, associatc~ with cassiterite and stannite~

Reference: Gross et al. (965), AI:l.I·,in. 50, pp. 1164-9.

Sorenseni to

Monoclinic C2/c or Cc. fir." si lky colourless to pinkish ,·,il i te

•

acicular to elongate tabul"r crystals. H5.5, SG 2.9. Brittle with

two distinct cleavay€'s at 63° ~ Occurs in hydrothermal veins and in

coarse rock in the Tlimat!.-~saq ill·H:J~~rsaturatccJ alkalic intrusive, Greenland..

Associated with nephcl.in,:" microclir.e,. aegirine, ar~vedsonite, analcim2,

sodalite, ncptun.ite, apatite and ~ar0 beryllium minerals.

Reference: Scmenov et ill. (1966), !un.Min. 51"pr>. 1547-8 .

Eaker; te

Monoclinic P2. fa. l",)lourl\,;ss to milky \'Jhitc, trdnSptlrcnt, vitr·cous.

H5.Jj, SG 2.01. No cl{'avd.~, , concilc~i<.Jal fr..... clurl·'. Prisuldtic cry:;tilL:.;

up to 5 rruu long, stri.J.l~u r·arallcl to th~· c]nriCjJ.tion. Occu.l".::; in ~·;C.:l:7'lS

in pcgm.:..tih· .:It Kings ;·kHi.-,tuin, I;. CaroliJiol.

Rcfcr\~ncc: L~U.V'·Il~ ct cJ.Z. (1'.170) I r·t,iL_lk'c. 1, Pl'. ·)1:-G;



090
Brannockite

Hexagonal P6/mcc. ('olourlcs:...i ",,'i th bl~c-white: fluorcscenc.::,

•

transparent, vitreous, SG 2.98. 1,0 cleavage. Brittle, very thin pl,otes.

Isostructural with oSlli~ilite. Occurs in minute amounts in vugs and on

fracture sUl~f2.ces in leached pcgm3t.ite, associated with quartz, albite,

bavenite, apatite, spodumcne and tetrawickmanite at Kings Mountain,

N. Carolina.

References: White ct a1. (1973), Min.Rec. 4, pp. 73-6.

Am.Min. 58, p. 1111 .

Hexagonal P3c. Lctlo!1-yellot·,;, transparent, vitreous rhombohedrc11

crystals' up to 5 rnm. llG,~-7, SG 3.70. Occurs in cleft faces in ortho-

gneisses of the Monte Loon0 nappe, SvJi tzcrland.

'Refenonces: St Graeser (1967), Am.Mill. 52, pp. 1583-4;

Cannillo et al. (1970), ",,'.i·lin. 55,- p. 1818.

•
Berates- .

Hulsite ( III . ) r.-oFC,Ng,Fe ,tin u
5

Monoclinic P2/m. Black, suc;metallic to vitreous. 113, SG 4.5-4.6.

Cleavage {1l0} 90od. l\s "mall rectangular crysta 1s with uneven fac-,·,;,

o
or as tabu]i1r m.J.SSCS. A 31\ fibre-.:J,xis wClllp<:J.i'>c-r =.tructurp, quite di"tinct

from ludwigi t(~-vonsl~nit C~. Occur!~ 'in a conl<..JcL li.l.: tamo.q,ho~;i~<1 1 ilil~~~-;tOL1C

Refennc0s: KIlOI,f, Scli, lJ, r (l90[J) , lJ.~;. ''001.:'u(v.[IlIll. 35i!,

Am.Min. 61, Fl" IH,-22.

•



NordenskiolCii!.e

Trigonal R3.

CaSn[J2o,
"

Colourless tc y(>~lo\"", tr.u.n:sparcnt and vitreGus.

H5~i-6, SG 4. 2 Cleavage {OOOI} p~rfcct, {lOll} indistinct; fracture

•

•

conchoidal, bri ttle.. Tabu] ,:.:" or tli ~ cL lenscid crystals and as paralle: 1

growths wi th cassi teri te ann carIJon.ctcs. Probably incompatible wi th

quartz. Occurs in both ralcic <J.IH] i·•.jsnesian skarns: in the Se\vard

Peninsula! Alaska; in Yakuti~ and E. Kirghizla, U.S.S.R., and at

Arandis, Namibia. Often partly "C':' laced by cassi teri te and calci te.

Also recorded in a nephcl inc sycni t; IJegrnati te at Aro Island, Norway ..

References: Burt (1978), Ecoil.Geol. 73, pp. 269-82; JUeksandrov

(1974, 75), Geochemistry 11, PI'. 132-539; 12, PI'. 139-50.

Invalid or Dubious Species

Air.ali te

A variety of cassiterite contclinin9 up to 9% (Ta, Nb)20S;

greater quantiti2s a.ppear to lc....·er t:~c syrnmctry: sec staringite.

Aran"di si te

Sometimes gi V(:~:
.~

~,Narnibiu~ Accor<..lin·J to Dan,) it is proLaL ..... y .1 mixture of

COlle,idal and crystalline, p,"",ces.

Hjc]mite, Hi01mite

Descrihl.:d' from.1 <Jl<1ni~~- p.:gr;l.:.t.ite: nCur F.:.l1 UIl, Swc:d\:n. Crook (1 1)19,

dCJlse grecniRh black mt1.s~:('!:' .i!"ld OCl.:d./·ura] L·l:y::L.lls~ Il cOIlLlin:; ltJ.tI~.'·

wit.L ~ome sWi..u]oJ.ite (qv.) ill solid :.:.clution~ For' 3. discussi.on of the

no",cllclature of the pyrocill<",e-microlite 9rouP, ~ce Hogarth (1977),

Am.Min. 62, pp. 403-10.



}.".,. .....
Uu ~

d.~

•

•

• •

Hvdlocassiteritc.

A vague term roughly '''ynonyn'G1.:G >lith varlaIl'Offite (qv.).

Isostannite

Kissin & OWens (1975, Can.~lil,_ 13, p. 309) conclude that

isostanni te is idcnticaJ wi th kcstcl:i te.

Limaite

A stanniferous vari"ly of tlk zinc spineL gahnitc, znAI Z0
4

'

Montesite

A name given to muterial fro,;, Bolivia, approximately PbSn4'~\'

An intermediate of the her?cnbe,-gite-teallite solid solution; thus

not a distinct species.

Souxite

A name given to varl~nofEitc from Bolivia.

Varlamoffite

Tetragonal P4;/n;'rn.. A W~}:y or earthy, mii.ssi ve ye llow subs tancc I

SG = 2.5-2.60, described from Corm-jaIl, Zaire, Bolivia, Pranco,

S. Dakota and North Queensland. ;;pparently usually an alteration product

of stanni tc but periJaps sorn2tim(~s also of c.:assi teri to or malayai tc ..

partiCUlarly X-ray ur.d tIll:} :1131 dut.:..;" sugCJ(~st~; th.J.t it is c1 poorly

the cassitcrih~ stl"uctun~; clisLorI.J:H) but nol (k·!)l.l."oyin(j it.

Jlussell & Vincent (1')511, rlincL:l..rl"9. 29, Pl'. 817-2(,; ~'ayloL Dt ;d. (1970).

Mjneral.Mag. 37, Pl" 6~~-',

•
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l~OGo.-tin

Acolloform, y\~llCJw to red or ,".::i.rk brcwl1 variety of cd~sitcrite

containing up to 8% Fe 203' occurri '''' ..s veinlets and fracture fillings

in rhyolite.

Reference: Lufkin (1977), A'il.;':in. 62, pp. 100-6.

Substi tution of tin into rock-formins minerals

The average crust~l abundance of tin is only 2-3 ppm, at which level

quantitative analysis is difficult. Sone idea of the degree to which tin

~ " ~ubstitutes into rock-forming rnir.crais is obtainable from mineral analyses

from stannifei"ous environments. As these are scattered throughout the

Ii tc:r~ture, no attempt has !'een madc" to compi Ie them. Rather, the tab 1,

belDl,' is largcOly a summary of cOI:1pil"tions by previous authors.

Garnet (andradite) < 5.1l~ c"fJocted;

.!,
;1 •

Anorthite

. Plagioclase

Albite

K-Feldspar

~~uscovite

Paragonite

Phlogopite

Biotite

Lepidolite

Zinnwaldite

licn'.hlende

0.1, 0.4 f'P','

2.1, 5.2

3-5.0

2-12

3500, 1240 (r,la:·:.)

42, 53

116, 213

1300 rel'0rto d,

often < 360

4-700

300, 400, 3500

Epidote

Idocrasc

Axinite

Sphcn2

MaCJnetite

Spinel

.~ 2. Q%

43, 57, 64, 72, 85,'17

218, 780, 1270, LJcf)

1. 8~, l.4';, t:'eportrd;

see m<11aytl i tc

~ l.l~, usually ~Lr~·{

lOwer

13.5'l, reported in

gallni t,o

46, 200 Pl,m

1. 2~" ".7:·, 3.0';

COOdtl,)Jl1:.' 1i1urll lU',"l,r I.U(L.)'1itL·-von~;(:r.iL~~ 0.26-0.7.r..

r'il rgasi te 15- 3') Sr...Jl.:.t l ('·r] to

Pyn'hcti tc

Ch.::d r.:opy ri tc

17Ll, :no "l,m

lU-2fl

1J

Refcrenc,..-·s: D~:sborouCJh & Suil.i~:~)Ury (1~7{j), J·:con.G-:-·ol. ~5. pp. )llO-l-7

Nckrasov (971), Int.Gccl.Rev. 13, pp. 1532-42.

:
•

Taylor, R.G. (1978), "Tin Deposits - Geology ilnd_.:~p1orilti()n,

, f'\r 1'..,0
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: i-Jcccj'\")hl, K.~:. (lS~74), "Handbook of CCOChCffiL3try n,

Springer, ferlin.

Eadington .. Kincaly (1980), i:', '" restricted circulatLon CSI~O

report, interpreted thi" ,ond the~r O\oJn data as follows:

(al Many mineral" able to accon~date tin are titaniferous or

have titunifcrous VariQtic:s: rutile, sphene, andraditQ

(melani tel, ;;"d horne lIOnde (kaersuti to J. Tni s is expected

because of the si~i1ar ienic radii, Pauling electroncgativity

d 'd . f . IV IV d h . fan OXl atlon stat~ 0 Tl and Sn , an t Clr pre orence

for octahedral co-ordination.

(blathers cOiltaiI: essontic.! FellI rnagncti te, er~idotc I

•

ludwigi te, and again CifJdradi tc, or may contain signi ficant

FellI: biotite, axirji'tc, ari':phibole. This is expL.lined in

terms of a coupled sl,jJsti t.uticn:

2 III . F II S IV
Fe ;=...·c + n

Again, ioni c radii arc; sili~ li:Lr, minirni zing s t r:uGtural

distortion. It should be noted in this cont,,:<t that

Amthauer 0')79, Fhys.Cnoo,.Minerals 4, pp. 235-14) demonstrated

by Mossbaucr ;-~pectro~ccpy that in andradite 'J,it:h 6 wt % sn0 2 ,

·SnIV ind.o<:d di rectly rEpiaccs Fe
I11

in th" oc:t"iwdral si to,;.

(el
II . . III

Mg-Fc slllc~.tes, c:r.taini~g lit.tle or no Ff': such as

(d) tcctosilic.1tp~~ such <:.l~; tho fL]<J~'I·.-:.. rs, and no duu!..Jt quarlz,



Appendix II

Analys8s were carried out on the University of Tasmania's

Jeol 50A electron rei cropro!;,'. Elem2nts SGught and reportGd as thG

oXide were Si, Ti, Al, Crt Fe, I-in, Mg, Ca, Na and K, except where

otherwise indicated. Detection limits for each oxide are ilbout 0.2% .

. All iron is reported as FGO, and analyses are recalculated to ncar

lOOt on an anhydrous and CO 2-free basis. rhe area scanned was usually

a few vm2 ("spot mode") with a heam penetration of several ~m.

Forsterite

•

•

Sample

FeO

MnO

MgO

CaO

Si

Fe

Mg

Ca

SD 13/2074A
r

lA (broad arca) lB (broad ar2a)

. 43.64 43.54

2.76 2.75

0.32 0.32

52.78 52.90

0.26 0.26

0.22 0.22

99.98 99.99

1."034 1.032

0.055 0.055

0.006 0.006

0.864· 1.869

0.007 0.007

lC

42.02

2.85

0.31

53.42

0.24

99.8~

1-000

0.057

0.006

1.931

0.006

6B

40.23

9.43

1.09

48.57

0.24

0.27

0.994

0.195

0.023

1. 788

0.006

Analyses arc rcc;:/'lculated on b':iSJ.~; of (0) = 4, l~:~clud.ing

K20. High iron content in 6F c0uld be due Lu fine magnel:it:2 impurities .

•



•



•
Analyses are recalculated On the basis of (0) = 23 (anhydro~s).

All appear to be slightly altered, with calcium depleted .
•

•
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Diotites and ph1ogopi!::~

SO 10/226.7 SO 13/206. (, SO 13/207.48

...
4A 4D 3A 3D 4 5 8 11B 12B

Si02 43.4B 44.77 40.38 40.9f< 38.98 40.77 45.60 44.79 45.98

A1
2

0 3 11.51 12.72 12.22 15.22 17.16 17.07 9.57 11.10 7.44

FeO 5.34 4.02 21.38 20.69 13.81 19.36 5.16 6.68 4.55

MIlO 0.46

MgO 29.11 27.65 16.59 12.37 22.82 11.83 33.04 29.30 36.71

CaO 0.61 0.80 0.58 0.64 0.34 0.78 0.34 0.39 0.25

• ....... Na20 0.27

.
K20 9.95 10.04 8.39 9.93 6.81 9.82 6.25 7.54 4.93

100.00 100.00 100.00 99.81 99.92 99.90 99.96 99.80 99.86

Si 2.949 3.005 2.935 2.973 2.704 2.933 3.021 2.704 3.028

A1iv 0.920 0.995 1.047 1.027 1.296 1.067 0.747 1.296 0.577

A1vi ' O.Oll 0.274 0.107 0.380 0.107

Fe 0.303 0.226 1.300 1.25~ 0.801 1.165 0.286 0.801 0.250

MIl 0.028

Mg 2.944 2.767· 1.798 1.338 2.360 1.269 3.263 2.]60 3.603

• •
Cu 0.044 0.058 0.045 0.050 0.025 0.060 0.024 0.025 0.018

Na 0.038

K 0.861 0.860 0.778 0.91<J 0.603 0.901 0.528 0.60] 0.414

Analyses a.re. r0.calculc1ted 011 tJ;e bd~;is of (OJ 2] (,,,.hydrous)
Ii· ~.

•
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~lintonite /X.lnthor!lyll i tc:~

SD 10/22~_9 SD 10/227.2

7 28 2C 58

Si02
19.67 18.5< 19.57 21.69

A120
3

42.82 41.9\ 41. 82 40.94

PeO l.61 1.87 3.44 1.43

MgO 22.65 22.53 22.5], 23.05

CaO 12.66 14.97 12.65 12.38

Na20 0.40
,• K20 0.27

.......

99.88 99.8l 99.99 ')9.89

Si 1. 327 l.25( 1.320 1.446

Al
iv 2.673 2.74" 2.680 2.554

Alvi 0.731 0.602 0.645 0.663

Fe 0.091 0.106 0.194 0.080

Mg 2.278 2.27L 2.264 2.291

Cu 0.915 l.087 0.914 0.88S

Na 0.052

• K 0.023

Analyses are r"calculatcd Gn the ba~~is of (0) 11 (.rnli ydrous )

•
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Ch10rites

SD 10/224.9 SD ]0/22/.2 SO 13/207.41\ SD 13. 207. 4:l

;'j

3 6 21\ 31\ 4B 3Sp"c.No.

Si02 45.46 22.80 46.33 45.12 34.35 28.5)

Ti02 2.28 0.70

I,
A120 3 1.89 38.94 2.68 10.59 24.11 22.37:i

I,
I FeO 3.95 5.70 4.05 3.02 3.61 31.05

MnO 1.80 0.35 0.B7 1.41

i MgO 44.63 30.48 45.05 40.90 37.38 16.30
,,

" • CaD 1.17\ ......
•: NU20 0.24

K.O 0.22
,\ ~

1

, Si 3.883 1.9] 9 3.868 3.726 2.828 2.693, j
" ,

Al iv 0.117 2.081 0.132 0.274 1.173 1.307

" A1vi 0.073 1. 782 0.130 0.756 1.166 1.182
"

Fe 0.136 0.401 0.237 0.205 0.248 2.452

M.., 0.130 0.025 0.061 0.113

.', Mg 5.683 3.824 5.571 4.950 4.587 2.294

• Ca 0.106

Na 0.044

K 0.024,
Analyses rccil1 r-u)at..:::d on th" bi.1~;i ~ of (0) ~ 14.

According to the nomel1.c:l..ll <.lre of Hey, thc, "Val·~ct:il~!] art;"'\ t.ilc-.::.:hllH~it(~,

6corundophi 1 i teo ;'\al c-ch lor j tc ~,i\talc-chlot"iL<.' ;!'cl in.och locc: I .Ind

3ripi doli te respectively.

•
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Se~pentine"
I

" '

.• SO 10/227.2 se 13/204.2 S013/206.0 SO 13/207.4A

.1
. -;

1 1 4 5 2C 4A 5 7B

2.18 2.4'"> 2.02 1.9!!

50.18 47.53 49.53 49.44

0.730.76

1.5f> 2.71

49.82 48.18

1.59

49.91

3.78

1.50

0.69

44.69

MIlO

PeO

Si02.
•
i
'!
i
1
;:,

,. ,

/olgO

CaO

49.06 48.50 48.52 48.85 46.71 48.48 48.11 47.69

0.50

0.26 0.28

99.72 100.00 99.90 99.74 99.83 99.95 99.94 99.81

/olg/Si 1.637 1.449 1. 452 1. 512 1.388 1.521 1.448 1.438

SO 13.207.4B SD 13/226.0

I 7 13Il 3A 3D
,

Si02 49.06 47.55 4.9.31 49.58

A1 203

PeO 1.81 3.57 1.32 1.27.

• •
MIlO 0.54 0.52

/olgO 48.59 48.35 49.24 49.09

CaO

K;,O

100.00 ')<).99 99.87 99.94

Mq/Si 1.476 1. 516 1.489 1.476

•



SO 13/22G.0

1 2A 2B 2e' (broad ;;..:--c'-

5.94 2.08 2.86

2.00 0.40

2.91 3.07 0.90

0.23

88.77 93.51 45.70

0.62 99.99 50.49

99.62 99.91 99.99 99.95

Al though SO 13/207.4[, consi sts of dolomi te. probably "i th'

. admixed calcite, and SD 13/226.0 consists of calcite ~nd magnesit2

(see petrograpLy) the an'11yse>..l.l:e difficult to interpret due to the

JXesence in most instances of j n~puri tics.

•
~•.
-.'



103 Clinohumi te (?)

6

9.

SO 13/20.4B

n , J.

'.,
:~
;

\'

Si0
2
.

'1'i0
2

'FeD

, MnO

MgO

Mg+Mn=

36.12

0.22

11.27

1.13

51.26

100.00

2.148

(.

This phase occurs uS a. mi \"rocrystalline to almost cryptocrys t~111inc,

high birefringence pale ye1lm! mineral at the margin of a rhlogol,i UJ- ~Lch

vein (see petrography). The """lysis is not conclusive, althou<Jh l'he

high I':g + M..../Si ratio suggests clinohumite (iron is omi tted as magnet i te

is- admixed). Naturally c,'curring clinohumi tcs always COil tain .:ll'l'reci ihie

fluorine as w..."'!ll as hydroxyl ion, neitlJer of which can be detected Hil-h

the probe.

?"pati te

so ) 0/22C7

3

Si0
2

2.54

111 2°3 1.18

FeO 1.80

MgO 1. 33

CuO 51.95

P205 41.07

99.87

Ca/P - 1.601

..lre prcsclJt .

•



The rock 1e a predanlte IIl8.t'ble with a modal analysis (n '" 400) of calcite (62%).~ 06;') which psEtudomol1lhe after pericla.ae, and minor opaques (~). The hani specimen

18 a cha1k7 grey white massive rock containing fine grained black pyrite B.e dleBe~nations and narrow, contorted, almost graphic Intergranular streaks. The core grades into a

coarser grained ophiealcite rock containing colourless to apple green serpentine and more abundant pyrite•

,t
,
••

• UNISON LIMITED

DIAMOND DRILL HOLE PLOT • Pl!."l'JtOLOG.J.CAl. ~':lUPl'lUN llX" J. 1.~1:RAJU)

T.ASMANW MINES DE:PARTMEm

HOLE Na" SD9

r~

I
I
!

reO In thin section, the periclae8 pseudomorphs are typically equldimenelonal and 100-200p aerOBe, crudelyldioblaetlc to subidloblaetlc against the calcite matrix. and oblong to

square or crudely octagonal with very well rounded corners. They are c~o8ed of tightly packed Bcales of colourless to off-white brucite (birefringence up to low order yellow

brown, straight extinction, length fast) which often displ.y a bent to highly contorted texture and undulose extinotion, within each peeudomorph. In many pseudomorphs there

are also patches of very fine grained, disordered and almost cryptocry8talline bruoite. Do periclas. remains, even in the corea of the largest pseudomorphs.

f,

o

a

The matrix cODs1!lta of irregular but roughly equidimenaional l:snoblaste of calcite, usually a fe", hundred 1J. to 1mm or eo acroes. Grain boundaries are difficult to delineate

because of the cloudinees of the grai.n8, but range from nearly straisht to irregular. Minor local brecciation and slight curving of the rhombohedral cleaVB«'O susgeete minor

deforaation.

IUnOr opaques are scattered throughout the eection a8 Slroal1 equidlmeneional roW\ded blebs and irregular aagregates from a fev )J to 50)J aC1'Os8. Alth01J6h opaque inclusions are

found both in calcite and brucits, it tends to be concentrated along grain boundaries, and in particular sometimes forma rims partially surrounding the pericla8e peeudomorphs.

Tbe modal analysis 6U&Ifests tha.t the rock: vas originally a dolomite with only a slight excesa of calcium carbonate as calcite (ea/Co. -+ MgzO.5').

Thermal metamorphism subsequently converted the rock into a calcite-periclaee marble, resulting in a decrease in volume of 801ide of 2~ assuming isochem!oal metamorphism. This

reaction requiree temperatures of eoo-8500, Qssumdng lithoetatic pressures of 1-2 kb and ~ predomjnatelT metamorphogenio fluid phase dominated by CO2, Granite occurs in drill oore

34m bslow the sample locality, and ths contact is probably directly only about 25m away.

The hydration of periclass to bruoite was probably a late _ or even post-metamorphic «vent at lower temperatures in the presence of an eS8entially aqueous fluid phase either of

uawnatic or connate origin. Apin assuming Isochem.ical re-placement. brucite expands "to more tb&n t .... ice·the YQIU1l\4!1 or the oriEi.na.l 'P6rlolILM. and in CB.Q.t p'1'sda'lo'lolw me.:rbls ocou.p1.s.

only about • less volUIIIEI than ori8'1na1 dolomlte. The stained cslcite :l:enoblastll and the minor breociation were probably ca\l8ed by the larp increase in vol".. at thl. stage.

especially 8S the rounded form of the periclaee pseudomorphs suggest e:l:p&.nsion.

Aseal (SD9/205-206, :206-207) ~ Sn 0.01:'1 wo, == O.01~, B == O.B~, 0-5:5~iJ.e<O.1o;'; Bi 40, 6Oppm; Cu <:500 ppm; Pb 40 ppml zn 3D, 20 ppm; .l&' 3 ppm.

Probe RH

uv li,ght - Weak to moderate fluorescence of carbonate.

rurthar york - Probe opaq,ues?

ZQW
i predazzite/ophicalcite marble with a mode (n = 400) of calcite (6~), brucite (27~) peeudomorphing after periclsse, opaquss (~) and serpentine (1~).

The hand specimen, more varied in mineralogy than the thin section, is a striking, oCf-white to grey, fine-grained marble. Disseminations of magnetite and eerpentine and strins-re

(1~ I s&Veral cm) of magnetite deCine a well developed wavy banding. Ovoid pods (typically 2cm l: 4cm) consieting of pale yellow-green to pinkish serpentine and almoet massive

magnetite lis ali~d to the bending Which wrap around them. A few irregular discordaot patchee of magnetite are aseociated with the pode, particularly occurring adjacent ones.

In thin 8ection, the rock is Vll'1'1 similar to SD9/206.0, in consisting mainly of periclase pseudomorphs of brucite in a calcite matrix. Small irregular patches of serpentine, a fsw

hundred )l long occur adjacent to both calcite and brucite, and almost certainly are replacements of Coreterite, with the original crystal outlines obliterated by subeequent stressee.

I feV Uny (20-'50"LI) well 1'OW'Lded cI7Btals of diopllide ('1) ~igh relief and birefringence) are found within calcite grains, and may repreeent a locally more siliceous Q8semblace _

pet±L&pa a~.. gn1n lI\UT'O.'olnded bJ d.oloudt••

,
~,

i
'J:b# ~f.1Q .cOAllU,el'8.UOI18 cnatl~ll for SD9/206.0 a180 apply 10 this rock. Originally 'the rock was a sl1&htly 8iliosous dolomite 'oddah 'oI&.S oon1ao"t ae'tuorphoBBQ a" Aip- 1I&mpem.t.w:e•.

i\P ~\lC.e Jl. .O!f~c~~ - ~iJ'iLolJt.l.e - f.o~br.lt" Ilarble wUh iIBolated development of diopside. s.lthoUBh not in an equilibrium aBs_lap vHh puiclalilG,·1lQ,;t p:roJaa,.~ fora,t&;l;.:L'bIl.. (,'

• } - •



207.4 cont1d.

The more siliceous bande or beds in the dolomite developed foreterite 8S well &8 calcite and periclae8, but metasomatic diffusion caused theD to d~lop IDto elongate pods

and produced 'bandirIB. The nutd phase present IIlWlt Pave oontained significant water as _11 as C02, &8 I118taaomat18ID or the deposition of magnetite from introduced iron oould

DOt haTe otherwise taken place.

c:f
I

• RENISON liMitED

DIAMOND DRILL HOLE PLOT • Pm'ROLOGICAL m:s:.R.IP:r.ION. :BY J. E'1EBABD
'llSHAllllN mllES DEPARl'KEN'l'

HOLE No.• SJJ9 T!-'a. i

I
I

I
I
I

o

"( ,

U

.......1' - g]Jf)/2fY1.0 - 208.0 I Sn <0.0'''. VO~. O.O~, s .. o.e•• .b <O.1~t Hi. 60 ppm, Cu. 500 PPli. Pb .. 40 ppIZl. ZIl. _ 20 PPDt As _" ppm..

Probe - Bll.

UV 11sbt - Weak to lDOderate fluorescence of clU'borate.

~er work - Probe OplLqll88, diopdde?

l
1

~.

f..---



akarn, comparable to, but lee8

minerals have been altered and

altered than, SD10/221.2. Relict minerals include foraterite, fassaits (aluminous diopelde), and

serpentinized to varying degrees, obscuring the original texture.

r1, ...
I
l

This rock la an altered aluminous

clintonitejxanthophyllite. These

SCALE, • RI!NISON LIMITED

DIAMOND DRILL HOLE PLOT • .t'hI'I·I'l~Il,i.'Ull,;~L. JU-;tluttlt'!'I('N ,,~ .', ~;~r;ltAJ(l)

'l'.A:il1ANlAN 1'1.l.!'lt;:; lili.1'Al{'!'Ml!:NT

HOLE ,No. : SD10 r
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Yoreter!te occurs ae aBgregatsB of cracked, rounded anhedra. Alteration occurs more readily than in the other minerals, but la patch7. and _imaet unaltered foreterite 18

~roeent. Serpentini~tion eo~nceB in the grain boundaries, and rapidly spreads, Qften lasTing splinters of slightly higher birefringence. hydrated forsterite within coarsel1
fibrous or crose-hatched serpentine.

Irregular patches or disseminated to granula.r !!!EU!j!lstite are abunda.rJt throughout the slide, BDd in places a180 appear to be aJ.teri.nB to 1mpe.P't a red-'brovn eolomtiO%l to tbe

altared skarn lll.i.nerale.

A.say - (1m internal, 224.0 - 225.0)

Sn o.a4% (O.eo a.c.ii 801.). eu <0.05":' A.s <0.10;' S 1.,"" Pb 0.00',. Zn 0.1., Hi O.()()&,(, A.& 2 ppm.....0, a.Q~

with straie;ht extinotion. They alter only slowly to cryptocryllta.llin9 t;:r:e7 olayI

I

o
~ vblch often occurs with brittle mica, 18 difficult sometimes to distinguiSh from forsterite wheD ootaBonal outlines are Dot visible.

fWlZY. !ine grained grer material. ,'I'hiB probably iJIVolves formatioD of clay minerals on grain IlUrface8 IiUld in oleaV8.8Ba. as the eoru of biBb

visible UDder strong illumination.

Clintonlte/Xanthop~ylliteooours as bigh relief, moderate birefringence, lensth slow lat~

minerale. often retaining their original form.

It altere to a poorly crystall1D8.

birefringence diopeide are often

j
J

- •



3
;
:••

The rock Ie a partly eerpentinized foraterlte (-diopeide?) skarn bearing abundant, fibrous magnetite and cut by a 20m wide vein of phlogopite and subordinate apatite.

70reterite occure as cracked, broken anhedra and rarely eubhedra. Serpentinization has commenced along cracks and grain boundaries, and larger irregular patches occur.

However. the texture Ie difficult to observe becauBe of the poor quality of the elide. Some iUopaide mar be present. There 18 no sharp boundary between the serpentinized skarn

and thephlogopite ricb vein. J'rapenta of phlogopite appear in the BArn and b&Come lIIOr8 numeroUB towards tbe vein. Phlogopite occurs 88 ahort broken lathe and equ.1d1»enslODal,

interloclclnB anhedra. typically 5OO)J. Ertinction angles are leu than 100 and the ID1peral is almost uniaxial and negative. It is colourless, and electJ:On mioroprobe analyah

lIbows it to contain lesB than 10 Il101.:' iron in the octahedral Bite8.

HOLE No.: SD10

1'1d'I'lWl.llo,;I,:AI. 1~:JI.lI·l'J,'N I'~ .1. t.:~i.:IlAlW

TASMAll'IAN MrnES DEPARTMENT

Thus the apatite 18 clearly a late BtB8'&

intruded phlogopite.

•RENISON LIMITED

DIAMOND DRILL HOLE PLOT•SCALE,

Irregular patches of fine grained almoet isotropic apatite occur ~ithin the phlogopita, discordantly cutting across the cleavage.

introduction, into tbe already crystallized phlogopite vein. Si.m.1larly, irregular clusters of eubhed.ral to euhedra.l~ haveo

r 1

Fibrous magnetite is most abundant towards the margins of the vein and in the skarn. Frequently It is surroundsd by a fibrous lo~ birefringence ~lloBilicate, perhaps. h1gbly

mB£nesian chlorite, with cleavage parallel to the magnetits fibres. This suggests that fibrous magnetits has formed by the expulsion or iron froM the pblosopite as It oryatalll.e4

!rom Ilioeral1zing fluids of granitic ori.gin, in disequilibrium with the carbonate (non-skarn) envlrolIlll&nt.

Aesay - (1m inter~, 226.0 - 221.0)

en 0.4'" (0.'1 acid sol.), Cu<O.05. As <0.10, S 5.2, Pb O.OQ}, Zn 0.018, Bi 0.011\ Ag 2 pplD, '.'0,0.194.

This rock is a thoroughly altered aluminous skarn, consisting of altered lathe ot clintonite/xanthophyllite and highly irrsgular patches of magnetite in a disordered. chaotic

matrix of serpentine. talc, lesser tremolite and disseminated magnetite.

Cl1ntonite/xanthophyll1te occurs Il.iI oblong to slightly fa.nnina: laths up to 1lDIl along, bUt typically around 500,u:J: 100~. Many lathe are completely a.ltered to clJ'lltocrystallinfil

clay minerals, whilst others retain cores ot relict brittle mica, and a fev show only incipient alteration. The mineral i8 colourless with a fairly high relief and has ODe good

cleavage parallel to the elongation to ~hich extinotion is straight. It is length slo~ with moderate birefringence to yello~-sreen ot second order, although the Bection may be

rather thick. 'ZV is Bll811 and the m.1neral is optically negative. (See also analyses). The mineral, before alteration probably represented 5-10;( of the rock. Magnetite occurs

8S bigh17 irregular aggregates ot anhedra u~ to 1mm aoross. ~hich grade down in eize to a tine dissemination in the matrix.

I
!

The lDlI.triX i8 a chaotio m1rtu:re of rather coarse to finely tibroue, colourless to tawny brown serpentine which freQ.uently belU's numerOus t1ny( .10 u) anhedral to elongate inolueione

of a high birefringence length_slow tibrous phase. probably.E.!£. There areirreBUlar, IDr1P'r patches or finely fibrous. hich birefringence oolourless treilloHte and pale green ­

pale yellow pleochroic tremolite/actinolite. which appsar to be altertng to serpentine. F1n& grained magnetite is disaem1na~ed throusbout the matrix. Overall, the rook b&e • T8T7

altered. IDOttled, dirty terlure.

Assay - (227.0 - 228.0)

$.a O.5~ (O.,} &Oid Bol.), Cu <0.05, As <0.10, S 0.52, Pb 0.00', Zn 0.0}2, Bi o.oo5f Ag , ppm, VO} 0.1~.

Tbe remaindsr ot the rock is torsterite, with possibly mlnor diopuide, 1n varying degrses ot serpentinization. There are ocoasional tragments of unaltered reliot toreterite, moet17

as j~ anbedra interstitial to almost massive magnetite. which has apparently proteeted it trom Berpentinizing solutions. There appeare to be a continuous gradation !rom this,

tbrouab to recryat&lliz8d. partially hydrated toreterite with a biretr1nBeoc8 ot yellov and oranges ot tiret order, to a low birelr1.J:lBeD08 (grey) finely fibrous -to oryptoerystall1.D8

The rook ia a fine grained mass ot disseminated to almost maesive granular magnetite (~) and interetitial relict toreterite and serpentine (4~). MaRnetite

anhedra ranging frOlll a t_ ,u to a lew hundred )J. acrose, ortsn torming allllost lDEI.lIIsive p-anula.r a,ggregates. In serpentine patches, it IIl&Y be tinely (c1u) and

nmdomlr oriented, but orten. especially when eOm&What coarser. oriented to torm radiating or tanni..n8 "lI'UIle".

I
oocurs all opaque,

shortly acioular. eOlD8tiMe

plag.l.oolase. biotite (with

d
~!'
I

.~.._------------4.j

urpenti.ne

JQl:.Q - Tbe rock i8 medium-cOlLrlile srained IDUBCovit"';-biot!te adamellite. Principal m.1Derale are quartz, partially eaussurit1zed. J[-!elspar/perthite,

pleochroio baloee arouDd z1.rcone) BDd muaocvite. both ot IIscondar)' (alteration ot bioUte) and apparently pr.1mB.ry origin.



Idca.ceOUB Bleam vith a well defined fine. linear banding. 1'l.ine-ralogically it canaists of tremol1tk hornblende (4-",),~ 04%).
with minoT patches of chlorltic alteration •

1
i ~

r••
A dark-brown to grey, non-magnetic

plagioclase (5'l') and.~ (18%).
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Treool1te (Aat ••oo with minor alumina) occurs both as colourless, very ragged laths (up to :500 ~:I: 150 }-l) and llllhedra, grading dow to very Unely crystalline, fibrous ma'\erial.

'nte latter ehOId incipient to partial alteration to an almost cryptocryetalline green-brown fibrous chloritic 8'Ubstance. This is IIlOst apparent nearpyrit&-rich baDds.

banding is BElen to be defined by variations in lIlineralogy and grain she; particularly of tremollte. Sem1-o ,ntinuoua banda, tlJllcally only a rew hundred}!

than the ave~ grain size) are characterized by a phlogoplte-plAgioclae8 assemblage, or particular11 abundant phlogoplte. pyrite or tremolite, or coarser

Laterally the banda us ill definftd and lDBrp into one another without any Budden c~ in mineralogy.

Plll.B1oclasB grains are lIIII8.ll (40 }J) equ.idimensional anhedra. occurring in banda with phlogoplte Md minor pyrite.

the~ are dietingu1ahed by their 10'11' relief and birefri~nce (to greys and pale yellowa) and differ from quartz or

Bign. Probe analyllla sho~ that they are andeeine (An 30-40).

Ihlinning ie absent and Bingle tWi.nrl:1nB':rare. However,

by their biax.1al figure with large 2V end uncertain

Is at low angles to the oleavage, which Ie often slightly

colourless J.). Basal sections sive lI.JI apparently un1&X1al

Multiple

eCApol1te

Extinction

primroee Q

In thin sectioD the

1Iiae (not IlUCh more

or fine"l' tremol1 t8.

Pblogopite gra1nB are squat oblongs and broken laths and basal sections, typically about 50 p x 20 }J.

bent or C'Ul'Yed. lI1refr1.rlgftlce is high but ie largely maeked by the strong pleochroism (orange-brown to

negative figure.

o

lJ:!:ll!. ill dislleminated throlJahout the rock aa angular 8Ubhedra and anhedra, ranging from a few fl to 200}J. It tends to be concentrated in py:dtio bandll. No other opaque fDinerale

are present. Traces of a colourlese high relie! mineral, as tiny colourless blebs or elongate !ragments moat aburu;l.ant in association with p1a&1oclaee, an probably diopside.

Despite the banding any pair of the minerals pyrite, tremol1te, phlo8'Opite and plagioclase, can be found in contact, and thulll the four probably constitute an equilibrium a&s&albIase.

VithLD the thin lIection the banding 111 interrupted by a narroW (1-4mm) discordant structure conB1eting of coarse grained tremolite, phlogopite and pyrIte and subordinate calcite.

'I'bls IIItruc:ture 1B probably caWled by the late 8t.e.ge escape of CO
2
-rich fluidll generated during metamorphIsm. S:1m1lar discordant structures di81"\ap'\1.ng the band.1ag can be seen

In hand specimen•

.leeay - (SD12/123.0 - 124.0) 1 Sn <0.01-;(, WO, O.O~, S ,.T.', AB o('O.1~. lIi 20 ppm, eu <500 ppm, Pb 20 ppm, Zn 60 ppm, 1« 2 ppa1.

Probe - Tremolite, plagioclaBe, pblcgopite.

UV light - Ho tluoreBc8DCe

Further work - Probe carbonate, further plag.ioclau. phlo80Pite analysee. Po.sible IIIcapellt. (XBD).

"Probe required? section too thick?

'I'be well develoPed, fine, linear banding III, ae in SD9/123.4. defined by laterally T'aBU1l varlatiol1B in mineralogy. Pa.rallel bands or discontinuoull stringers of biotite, 150 - 25Qp

aparl aad 1Dd1Tiduall;r traceable for onl.7 a f_ millimetre., are lIeparated by zonell predominantly of plagioclase. There 1& a.leo II. tendency for diopside to be more a'bundaDt in the

biotite ricb baadB. 1D contrast. pyr1\e 18 evGl,7 s.nd &p&ri..Dcly diBllem.!nated t.hroughout the rock a8 8IIIllll (S0-100,u), angular, Irregular ,grainB, and does Dot form. bands •

teJrturally similar to DD9/12}.4. principal constituents Brit biotite (42':l'). diopside (23'10) and~ ("c,),

Minor tremolite and epcradic chlor1tic alteration, and several narrow discordant veinlets of serpentine

..•

A dark grgy to brcnmieh and greenish. _11 banded non-magnetic IlIearn

whIch are idioblastic witb respect to a IllELtrLx of plagioclase (3~).

are alBo prellent./)
( I

U



J. dark-bro'Jill to grey. non-roa.gnetic micaceous elcarn wIth a well deCined fine, I1nelU' banding. Hineralogically it consiete of tremolltK:. homblende (4'-'),~ 04:'),
pla,rioclaa8 (~) and.PJE..!!. (1e;t), with minor patches of chloritic alteration.

ril ~I
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In thin section the

"'Ide (not much 1DOr8

or finer trBlIIOll te.

banding 18 eeen to be defined by variations in mineralogy- IlJld grain aize, particularly of trelDOl1te. Semi-cntinuouBI bands, typical1.7 only a ffnl blJIld:ted}J

than the ave~ grain size) are characterized by a phlogoplte-plagioclas8 aB8emblage,or particularly abundant phlogoplte, pYrite or tremolite. or coarser

Laterally the bands are 111 defiDed and merge into one Mother vi thout an;y sudden change in mineralogy-.

o
TreI:lCll1te (Act.... ....lth minor alum.l.na) occurs both as colourleslEl, very ragged lathe (up to :500 ~][ 150 }-I) a.od anhadra, grading down to very rinely eryetalline. fibrous IIBterlal.

The latter shove incipient to partial alteration to an almost eryptocrystalline green-brown fibrous chloritic substance. This ie most apparent near pyrite-rich banda.

Probe required? Section too thick?

PI86ioclaee grains are small (40 JU) equidimensional anhedra, occurring in bands with phlogopite and minor pyrite. Multiple twinning is e.beent and eingle twinning rare. Bowwvsr,

theya.re disti.ngu.1shsd by their loll' relief and birefringence (to greyB and pale yellows) and differ from quartz or ecapolite by their biu:ial figure ....ith large 2V and uncertain

sign. Probe analysis shoW that they are andesine (An ~-40).

Witbin the thin section the bandil'lB' is interrupted by a narrow (1-4mm) disoordant etructure coneistin8 of coarse grained tremol.1te, pblogopite and pyrite and subordinate calcite.

This etructure iii probably CB'IJ.8ed by ths late IltaBe ellcap8 of CO2-rich fluids generated dur1.rlg met&morphiBIII. Similar disoordant structures dJ.arupUns the 'bandinl can 1;10 ••en

in hand 8p8o.1men.
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is at lev angles to the cleavega, which is often sli.f;htly

colourlessJ.). Basal seotions give a.n apparently uniaxtal

E2tinction

primroeeH

F'hlogopite grains are squat oblongs and broken laths and basal seotions, tyPically about 50 Jo! x 20 )J.

bent or eurved. Birefr1..ngeDce i8 high but is largely msked by the strong pleochroi8ID (orange-brown to

negative figure.

The veIl d8Teloped, fine, linear bandtnB is, as in 8»9/123.4, defined by lateral17 vague variations in mineralogy. Parallel banda or discontinuous stringers of biotite, 150 - ~50~

apart and individWl1l1 traceable tor anl1 a few milliJlletres, fLre separated by zonell predominantly of p1e&1oclaae. There 1s ILIElo a. tendency for dJopsJde to bEl mon Ii-bUJ'ldA.nt .t.Q U.e

"loUts neb baads. Ip. coomlt, PJTi:te ia eveDl1 8D4 epar1.nBl;y d18s8l1l1nated throu,ghout the rook a8 8IIBll (5Q.;.100..,u), ansuJ..a:'t irrelUl&r ,",ina, aM doBS not tom ban4tI.

m....L
... dark ffr8T to brovn1sh and ~f1nleh, well Oa.nded non-lIQgIlstic skarn texturally similar to SD9/123.4. Principal constituents are~ (42%), d!opeide (2~) 8lId.l!J!ll.! ("'),

which are idjoblaetic with ~esp8ct to a aatrit of plQ6ioclase (,~). Minor tremolite and sporadic chloritic alteration, and 88ve~1 n&+TOW discordant Tftinletl of perpeptiQp

~ allio prellent.

.heaT - (SD12/123.0 - 124.0) ~ an '0.01;, W
3

O.O?<, s ,.n, Ae<0.10i', :8i 20 ppm, Cu<500 ppm, Pb 20 ppm, Zn 6O,ppm, Aa' 2 PpIll.

Probe - Tremolite, plagioelase, phlogopite.

UV 111ht. - lio fluoreecence

rurther voJ"il: - frobs 04l'Ponate, furtb81' pla&ioc1&.lIe, ,phlOIOPite analTeee. Poesible eoapol1t. (XHD).

Ez!.!.!.! is d..1nem.1na.ted throughout the rock as angular e'Ubhedra and anhedra, ranging from e few jJ. to 200)J. It tends to be eoncentrated in pyritio bande. No other opaque minerals

are present. Traces of a colourless high relief mineral, Be tiny colourless blebs or elongate frasments most abundant in association with plagioclase, are probably diopeide.

Despite the banding aD7 pair of the minerals pyrite, tremolite. phlogopite and plagioclaee, can be found in contact, and th'1J.8 the four probably oonstitute an equilibrium 8sssmblage.
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Cleavage 18 not well developed and is best

higher relief, larger extinotion angle and

P~TI'R0IilGICllI, ]lFSCIHM'T[lN lW ,r. F."lF.RARD
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Dlopside occurs as emaIl (typically )0-70~) equidlmensional to shortly elongate Bubhedra and eunedra, uaually with rounded corners.

seen in larg&r grains or under high ~ower. The mineral. colourless with a high birefringence, 1e distinguished from tremolite by its

d.1I.ferent form.

The matrix consists of largw (up to 500}l or more), interlocking anhedra of plagioclase (about An
3S

)' often beaxing numerous ti~ incluaiona of biotita and aom.tLmea diopaide or

pyrite. Multiple tvlnning ia pT8sent but only sporadic. Unlike most of the 5t.Dizier skame, the rock Is relatively unaltered. Howev.r, In place. a poorly orystalline 78llov­

brown ohloritio alteration occurs around or has replaced diopside.

Biotite (Arm 4-15)' 1111 ragged lathe or Bubhedral basal ssctions, 18 tnJically 50-200j\l but aleo ae fra.gmente of only a fev .u. 1& similar to that in SD9/12'.4. but paler in colour.

Probe analyses 1I'L.Jggest that thiB 1s due to II. slightly lOllSr iron content. Colourlees, ragged lathe, a fev hundred ~ lone. or tremolit. &1'11 fairly :rant in the .1111.. The mineral

h biaxial n....tiv. vi th a larp 2V and sl1shU,. obliqua utinction. Birefri:r1,gonce is high, but re;Lief is lover than thl"t of dlopside.

o

,
••

fl
I

J fww Darrov (200-,oo)U) incoDspicuous crooked veinlets oC oolourless very lov birefringence serpentine traverse the alide. Thea. are olearly a late atass or poat-metamorphic reature

aa that bear no relation to the mineraloBY or banding, and oontain f~ntB 01' W'l8lteNd biotite that have apparently been in their path, The oorner of the sU4. 111 cut bJ part oE

a ....1n1et. a CiJV millime tree 'Wide, of particularly coars. (600,u) phlogopite lIith only minor diopside and chloritic alteration.

Anay - (BD12!125.0 - 126.0) 5n <0.01", WO~ <0.01", B 2.10:', As <0.10.', Bi 3OPPlD. Cu .(500ppm, Ph 1Oppm, zn 70ppm, .6.& lppm,

Probe - Dlopslde, phlogopite, plagioolase.

UV light _ Trac•• of fluorescence.

Further vork - Probe - oonfirm tremolite, pyrite, serpentine.

A ,trongly magnetic, veIl banded micaceous STe~ skarn vith abundant opaques. The rock consiets dominantly of coarse to ve~ fine grained phlogopite. with subordinate patoh•• of

tretiOUte ami green to brO'offi chlorit., and abundant opaquea. Theile include.:P.:l!.lli. magnetite and hulBite and posaibl)" minor chalooppit••

Phlogopi te occurs both BEl ragged narrov lathe to broken irregular fragments several hundred }J long, and a8 a ;yellov-gre;y, almost cryptooZ')"stal1ine ground mass. 'n"Lere 1IiI a. aontinu0U8

p-adation between th'iI' ertremEIII, The larger frapsnts are colourles8, or veZ')" pale aqua-green in basal sections or in longitudinal seotione aligned 'With the vibration direction.

There ls no alignment or orientation of the phlogopite,

6everal very irre,ular patcr-es oontaln phloiQPite, tremolite, opaques (pyrite?) a.nd a grass green to bro~-green to orange-brown chlorite. The latter mineral ocours ail large. anhedral

to rqrdl;y Il'Ubhedral irregular patchU 1 into which phloiOpite and tnll'lOl1te lLre 1IllIsrted to po1.kllobla.Uo. The chlorite probablf has • low birefringenoe, and an inte:mal uneven ohatlT

{ibroUil Structure can be seen under orcssed nicols.

c
Within these patches, whlch mB;y be several m111imetres across, tremolite. as well 8S phlogopite oocurs. The former Ie wery similar in form, occurring as short latbs, but is

disti~ahed by its oblique extinction, and, where visible in crass section, tva 600 clea.vagee. One mineral ie probably the metasomatic alteration product of the other. Brown chlorite

also occurs in narroll veinleta.

The hulsite ie typically opaque under transmitted light, although in very thin slivera under strong illumdnation it is translucent, vith a characteristic pleochroism I dark brandy brown II
deep eea-greenJ.. E.J:tinction is difficult to determine but is oblique at moderate angles. The mineral in form razJ89s from angular, irregular crystals or agsreptea to narrov laths

and short. very narTOV needles. Under reflected light, hulsite Is grey and bas a moderate to lov reflectiVity, somewhat le8s than that of magnetite. A very strong birefleot&nce from

dat'k oranse-brow to very dark blue-grey 1B distinotive. Bovsver, pleochroism is abaent. One good cleavage i8 preeent, often it ia curved or orenulated. similar to DlOlJ'bdeni te or

graphite. 1180 present are pale grey mac~.tite (dlst1nBU1ehed b,y its lack of b1reflaotance) and ,.llov-1IIbite pyrite (With no ~irefleotaDoe and a much higher re1'1ectivit.1). 1t leaat

~He-II88D8"tlh aDd writ&-hulsita may 'be in oontaot.

.,

c:.
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A str~ngly magne1ic dark skarn with a diffuse, 111 defined banding not noticeable in thin oection. Opaques, which comprise 55-~ of the rock, are irregular, anhedral

aggregates 500FJ. - 1l11lll across, rB1tging to almost lIl!l.SBiVB, or narrow needles 200 - 400/1 1: 'O-30~. Moat of thiB IIIfI.terial Ie an iron-riCh borate, either vonssnite or hule1te,

with up to 10% MgO and 2~ 5002 on a boron-free basis; however, magnetite and possibly pyrite ere aleo prosent. Under reflected light, the borate is distinguished from

magnetite by ita slightly lower reflectivity and. under crossed nicole, ita strong aniBotropiem to dark red-grey. Weak red-brown internal refleotions may be prosont.

r 1., ,
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The gangue consists ma1Dly of incipiently altered, massive olivine (Fa ,6-4}) Individual crystals, recognized under crossed nicole by their optical continuity, vary~ leaa

than a bund.red to several hundred ,u across. Typically they IU'9 cracked irregular anhedra, with somet1mu one or more faces beinB discernible.

o

u

Tbe principal subordinate pngue m.lneral is colourless to pleochroic (aq,ua green U , colourlsss.L) ~1te. as short raged lathe (50-100;\1)'

V6"I/Y. Like in the other BBIllPles, the phlOBopite Ie practically uniaxial, and neptlve. :Minor tremolite 1a also pr&BeIlt •

.laAJ" I B:D02 0.201(801d aol 0.20), wo, 0.011' G 4.57', .1a <0.1~, Bi BOppm, Cu 700ppm, Pb 'Oppmt Zn 11Oppm, Ag 2ppm•

•

Cleavap is oNen 1I1.i8btly
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A very strongly magnetic, moderately ~11 banded and visually etri~ing black-and-~ite rock, consisting of rather fine grained magnetite (4~). disseminated to locally almost

maseive in a cream-white to light grsy matrix of Szalbely1e (5"'). minor serpentine (6%) and colloided (1) magnesite (1%). The banding Is defined by a weak tendency for the

mll6Iletite grains to occur in 111 defined bands or It"2S, a fev mill1metres wide and a fell centimetres long, .... ith gradational borders.

rl
!

SCALE: • RENISON LIMITED

DIAMOND DRILL HOLE PLOT

l'WI'JUllLlG li'A r• .Il1':~;(~1! 11"1' Il~ll llY ,1. ll:VIQ.WlD
TASMANIAN MINES DEPAlrn"lENT

HOLE .No.· SD13
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Jllil.Bnetite occurs IIIOstly in the form of very irregular, joAgged 111&111188 or 8frgre,gates, typically roughly equidilllsollional and. 200 p - 400}l across, but which often a1.join to form

a disseminated network or a crude banding. ~etlte 11.180 occurs aa tiny (2-10,u) rounded blebs, or more commonly as slender needles (20-100)U by 2-5)U) spBringlr disseminated

and orten locallr aligned vithin the IIBtrix.

Szaibelyt9, a magnesium borate of uncertain composition, occurs ae a microcrystalline mat of shortly fibrous visps and needles mostly 50~ long and not more than a fev tSnB of

JJ vide. The fibres, vhich have a raged, IlIpl1ntery appearance, are onlr locally a.ligned. and produce a chaotic, haystack-like texture. 'l'he mineral 1s colourless to very pale

grey vith straight or nearly straight eztinction and length fast orientation (henoe probably optically negative). »irefringence ranges up to yello1ll'-green of mid aecond order.

Relief is law to moderate.

AdJacont and interstitial to the magnetite patches are SDmet1m&s smell quantitiee of fios grained. finely fibrous to equidimensional granular. lov birefringence (to pale gr&r)

colourless serpentine. Occasional isolated grains or irregular patches occur vithin the bydr~yl-Bzaibslytematrix, ueually associated with very fins grained magnetite. The

generally 8barp borders of these serpentine patches and their irregular to ~bhedral outline suggests that they are a eecondary alteration, pSeudomorphing after olivine, rathe,

than aprima.rJ lDBtamorphic pllalile.

• vsry IlImBll amount of fuzzy. cryptocrystalline grey-~rovn material, probably vith high birefringence is found in associatlo~ ~ltb ~BtltB and ~e+pentip8. ~1iI ia p~bablf

magnesite, fOrmed bf the late ~t~ ~lteration of serpentine by CO2-rich post metamorphic fluids. Minor carpooate i~ qelec~p~~ a~o~ ~n~ ~olR~W ~a c~ic~~ t" h~ ~ppc~p.

lntergrovn ~i~h the magpeti~e an4 in occa~iona~ isolated ~~uidimenBtonal grains, is a dull ~llow, p088i~ly isotropic o~qu~ ~~~~T W~th ~PW ~fl@~~4R9', ~~ ~~p~lf ~p~p~~pl~

~o ~rPt8P~~ ~t i, ~ropa~l~ ~ ~ph~dB, po~~fplf ~ coppe. BUlphiae (check vttp probe).

,.
~"'r - (l;lI1J/204.0-205.o1. Sr Q·41~ (o.Jr,' ""14 '0+.]. WQJ o.oJl', S<O.l~, " P.l~•• lO ppm. Cu l00~. 1'1><100 l'l", i'o 100 Fl'1I'r Ai 1l'l'A,
rrO~~i §eff"lR~t.Pe P:res~fl~, e!'ll!!ep.tl~ll7 :!1jJ-rfch- -ph~!Ilfl r",li of o1;tle;, COlllDOU al«qDeRts prefilent.

Vl ligp~ - ~o fluo~escenc~

fHt'tl:l"r ti'Q"Rf ~ §) fr0PE! lWfdoPt.j.He4 o~q.ue

~l ~ po.." ~olo of ~~"I~'ITl"
~t~ip aq apa~f~t~ of lt~

1lehl"lll1pe ex-tellt in CO" of .tt.

! vtsually striking apple-green serpentinite bearing abundant magnetite and with two generations of serpentine. The rock 1s cut by a 1,5cm ~ide vein of phlogopite colloidal

magnesite a~d sulphides. The major and finer portion of the eerpentinite is a fine-grained, poorly ordered masa vith an averase c~Btallite si~o of 30-40;U. In thin section thi.

serpentine is oolourless vith biTsfringence up to pale greye. It 1e cut by lnooneplcuou8 Tery narrov (5-10jU), anaetom1aing crooked veinlets of fibroue colourlsss chryaotile.

There 18 a180 a second, earlier generation of pale yellow-gTesn chrysotile. This ie diaticgu1shed by its higher birefringence (to reds and sometimes bluee of lower Beoond order)

and occurs in orooked, slightly broader and mutually subparallel vDlnlets crcillsing the later generation at an obliQUe angle. It appear~ to be a more iron-rich variety, and the
T,lnlet~ Br~ related to the ~econd 68~e~tlon of perpentino deecribed belovo

me ~~co~ c~+ae+ ge~erat~on pf se~~t~nD ha~ 1pv~4e4 the first to form both email veins1-2~videandlargerirregula+patoheRPDY~~l~lll1rnetTD~~cro~~.it1ft~ p~e~r

f~~TOU~ (up to 1~)! Chaotic r colo~le~e ~o palo ~pllow graep mineral with birefringence again up to lover seconq orqeT altpo~ ~O+D ~O~CPfr ~+~ ~el~ow~ ~4 ~~~ y~th it 1,

containe4 a~dant ~Dt1t8 a~ lfte~ar ~e4ra 1mm or ~+e acrose, grading to very fine duet. The narrow veins vitpln ~p ftpaf ~~rpp~t1nD ~~ fr1~a p¥ ~ VPff f~R' §f&~e4 to

collol44l ~~D of ~Dttt' 4~Pt! "erpppttpp ~ hi~ p~ref~1ngence phase? possiblr fine grained phlogopite.

I
1

1

fro~blf tP, ~of1iop ~1 1~ no~ ~h' f~+ ~iqe4 ~erpent~ne vae the firet to cry8tallize as a foraterlte ek&rn, mainf~ UPqD; the~l ~taworpR1P ~l~~p~~. ~t~r it ~ tpva4~

kJ §~rp!P.tl~'1P§ fl~4~ at l'~~t ~*lf qf ~tl~ orlg1~! 4ep08iting magnetite. The remaining forste~ite s~ a+te~ ~lRWff ~t~r to ~ f+H8r, @§~~~t~~l ~~tl~! frgl @prp@Rttp,~

ll'P.l~n ~~'~HIlII! :l.1!I WY0 ir.:,4, til! f:!nfi':l-Ml c~l:Ipp.!l.il!l lIea.HPe~t 1IlU8t have beep htghly magnesian lUi no ca.lcium-bElB.:Fi:p,g pP.a~e~ M'1I PD'W f1",g~R~!



Apparently later still the rocK was Inv~ed by Q eetond fluid phaee, again cont~lnlng element. or grnnitio origin but a100 rich in preBUDVLbly ~etamorph18m-gullflrated CO2 , to

form a IIUlfhide-bearing "gin about 1.5cm ....ide. The outer zones of thie vein. about }qIm. vide, OCllBistB of minor opaques and radiating Bheaves of coarse (up to 1mm), yellow_greeD

biotite faantng out towards the axis of the vein. Optical characteristics of the biotite are & ssa gTBen (q), to Btrav yellow ~) pleochroism, straight eItinction, optically

Dept!ve, a BJDall bv.t noticeable 21/ and a hish birefr~ngence masked by the colour, and BOlJl8timee ink_blue Moma]Oua. Colloform, YeTy !ine grained opaquee witbin the biotite zone

are particular],. abundant towards the outer lDlU'gins.

I
.J
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HOlE No. : SD13

PEROLOGICAL DES::RIPTIQN BY J. EVERAllD
TASMANllN MINES DEPAR'ItlENT•RENISON LIMITED

DIAMOND DRILL HOLE PLOT•SCALE,206.0 cant'd.

The discontinuous lenticular inner zone of the veIn is cowpoBed of very fIne. crypto-crystalliDa tawny-brovn magnesite, admixed with microcrystalline to cryptocrystalline,

magnetical17 aligned fibrous to granular, opaque black magnetite. This zone dieplays a well developed colloidal texture, with concentric botryoidal structures being beat seen

near its margins. Several wavy, sub-parallel veinlete, typically 50}! wide, of particular fine (Ieee translucent) magnesite traverse the earlier deposited ~eeite, including

the black magnetite-rich patcheB. Dendritic structureB within these black patches 8Uggget fluids drained into these velnlets, suggesting that they are diag&netic, possibly

relllultlnB (rom c01lIp&Ction which foroed fluids out of the carbonate. Thypatohes of corroded serpentine. embayed by carbonate and alterina: to it, ocour withIn thilil iIlJVjr ZODEt of

the yein and may be unaseimilated frasmentB or "m.1cronnoliths" of the host serpentine. Irregular grains of p1jrits. moatl)" l-)am aorollll, are diasemi.Dated t.hroushout the phl0l'Opit..

magnetite outer zone of the Yein. Another, pale copper-brown 8U~hide ie aleo present.

Anay - (SD1'/206.0-207.0) Sn 0.5a,( (O.}2% acid eol.), 'Wo, 0.02:'. SO••• As O.~, :8i 11Oppll. au 200ppm. Pb<l00ppm, Zn 200ppm, J.c lPPIII.

Probe - Biotite, serpentine. magnesite.

UY lisht - No fluorescence.

rurUlflZ'YOrk - a} Probe (?) phlOBOpite near margins of ooane serpentine

b} Coriflrm pyrite.

0) Identify other sulphide.

o
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207,4 fA &: B)

An unhanded. non magnetic fine grained for8terite_dio~slde skarn which haa been partially serpentinized to produce irregular graBS green etreake and blothcea within it. It haa

beeD cut b1 8 vein several centlmstrea wide produced by fluids of granitic origin. leaving an &Xlally zoned phlogopite-chlorite-tremolite mineralQgy, together with abundant magnetite.

The hoat. partially Berpentinized, skarn consists of diopside and forBterite Which, although difficult to distinguieh in individual grains, are probably of s~lar abundance. They

Corm an interlocking maee of anhedra and eubhedra of ~idely ranging sizes, from large cracked graine of 1mm across to densely packed graine with rounded boundaries, 20JU or less acrose.

Much of this finer material ia probably diopside, a8 it ia known to nucleate lese readily. However, some of the larger grains also show parts of ootagonal outlines. A small

quantity or irregular, ragged to orudely fibrous (opaque material) ill disseminated throughout the skarn.

Serpentinization appears to have commenced by the formation of narrow intergranular Yeinlete of pale yellow, fibrous chryeotile a few,u vide, by the alteration of forsterlte. In ~re

altered parts these veinlete are numerous and anaetom6ee to form 8 braided pattern. Thers ie a continuous gradation from this, through serpentine with abundant, aligned forsterite

relics, to maallive and less fibrous chrysotile, with progressive Berpentiniz~tion.

I
1

j
Diopside altera, probably less readily, to a poorly microcrystalline to cryptocryetalline, fuzzy grey brown waterial, which is most abundant within or fri~ patchell oC serpentine.

Probe abalylllis BUi88sts that the ~erpentinlzing fluids remove calcium, to produee a fin&ly crystalline mixture of serpentine and diopside, which finally altere to a more crystalline

s.rp8nti~e. Tbi~ host ekarn hae been cut b1 a vein, formed by fluids of at leaet partly magmatic origin. The ~ineralog1cal zonation is ae followB,

----~-~ - -------------

A broad patch of serpentinite. eeveral millimetres wide, lies between the partly serpentinized diopside-Corsterite okarn and the vein.

The outermost zone of the vein Is 5-15mm wide and consists predo~nantly ot tremollte with minor biotite, eubordinate. irregular but equidimeneional patchee of fin81y crystalline

IIlQ,terial. probably alBo altered diopaide, and minor irregular. Jagged, moetly equ.1dimeneional ~etite grainlll, 500JU to a. few p in size. The tremolit" occure all DlUTOW latha an4.

E ''7'' Cibnils. rarely more than 500 p long and often bent or curved, which are randomly oriented to fonn a hayetack texture. The m.ineral iB colourlese to rarely very pale ydlow. The

amall quantity of fine grained phloSOPlte associated with it i8 distinguished by its sea-green to yellow colour and Dearly ieotropic basal sections.

el) This ia foUove<!. bJ' a narrow (1-'J1) 88m-oontinuous zone of talo-chlorite, all coaraely f'ibrous, fMning eheaves up to 1m loD&'. Optioally, althou,gh with V6'ry low (dark BJ'87)

ld.rerrJ.n,pDo~, it 18 le~ fast lU1l1 well cr;yetalli.ed. The IIIlU'I'W of the zone are very irregular and it 1& ofteD mi.J:ed witb the neilhbo'uri.J:l.l' tremolite. pbloiOPUe or alt.red.

4.iop.1d.... Olearl, it b.u lormsd b7 the aItemUon or leachiDB of tremollte as it bas a si.m.1lu habit. and Bometimes talc_ohlorite (low biz9lrinaeoce) and. 'trellOlite (bIP.

(J oj

U' .j



AlIBay - (liDl,/207.0-206.0) Sn 0.,4.' (o.JOI' acid .01.), vo, 0.09%, S 0.5", As 1.40'.', Hi 6Oppm. Cu 500ppm. Pb< 100ppm, zn 200ppm, 42pPlll.

Probe - Foreterite. diopside, .erpentine, olinoOhlore, rlpidolite, dolomite, tremolite, biotite, pyrite.

UV lilht - Bo fluoresoence.

Further vork - Probe opaquea.

birefringence) EIre cryetallographically continuouo between opposite endl'l of the lIamo lath. Thle zone p.o.DIl88 faIrl,. abruptly intol

d) a nearly rnonolllineral1c zone a.bout 3111ID vide of biotite, with only B. 9IIII111 amount of opaques. The Motite oCCurll ae straight to sometimes slightly bent, cUrved or fB11Jling lathe

up to 1 .5lClll long, fo1'llling Q coarse disoriented deCUBBate texture. The mineral 1s pleochroic from pale green (,,) to colourless or Tery pale yelloW' CL) I and the basal sections,

which may abow parts of a pe8udohexaa-onal outlines, give !In almoet uniaxial figure. This zone paesee jnto:

.) a zone a180 of biotite, but with a deep ink-blue anomalous interference colour Here the mineral 18 colourless and non_pleochroic, but the habit ie 8imilar, and sometimes

normal and anomalous biotite are optioally continuous. suggesting that the latter i8 an alteration product. Irregul&r, Jagged magnetite graina. serpentine and poorly

crystalline dolomite are present, and this zone gradual~ givss way tos

C) the inner zcne or poorly cryetalline dolomlle, line grained eerpenUne, abundant irregular lIllIBtJetite and grains of P7Zitli up to 'SIDIII aooras. J. narrow (400p), a1Duous late atag8

velDlet or fine grained dolcmite cut. aeross zonss (d), (e) and (f), cutting across patches of opa~ue. and weaving its way between the pblO£Opile velne. rlDe graiDed macnet1te(1)

has been deposited along its axis.

r1
! I !

I

o

207.4 (I &B) cont'd SCALE, • IIlENISON LIMITED

DIAMOND DRILL HOLE PLOT

PFl'ROI1xac.u DESCRlPTION BY J • .E'/ERAllD
TASMANLW MINES DEPAR'I'Imfl'

HOLE .No_: BDl}
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~ very stronsly masnetio, tboroQ8hly altersd and crudely banded rock coneisting of disseminated to almoet massive mB6Oetite. in a very patchy matrix of pals greeo to off-white

.erpentine.

Magnetite grains occur over a vide size range, from e~uidimensiooal, crudely rounded to irregular anhedral blebs up to 1.5mm acroae, to densely diaseminated blac~ dust partiole. 0D11
.. r .... J1 acron. TheBe locally have nuele..ated to p-wnila.r aggregates similar to the larger graios. Thus there is a ral1fr8 not only of grain siu 'but in density of paoking.

The matrix is ao thoroughly altered that few olues remain to the original mineralogy and texture. It consists or irregular, ill.defin&d patchss of almost cryptocry~talline to

80mewhat oO&.rIIer (100,.0), 1010l bi~rriJ16Once granular serpentine and grey to dull-brown, translucent cryptocrystalline IDaIUli at fibrous to a.ciculiU' ma.teria.l. 'I'he leaa altered needle.

and I'aQ'&d fibroua latbll are up.o slilVe:ra.l hundred I>J. long, and are in places transparent, with birefringence up to pale orange yellows, lencth glow or1entaUon and atraJ4bt erlinatloa.

The material i. probably thol"OU&h17 altered biotite ortmmollte. Originally the rock lII!l.J" bave beet] 8 foreterit_diopeide? - phlogopite or tnmolite - lIlSBDetite skarn.

J...&y- (SIl1,/209.0 - 210.0) I 8D- 1.21" (O.so:' acid aol.), vo, O.O&.', S 0.«,. As 0.10:', lli100ppm, au '00 ppm, Pb<100ppm. Zn 200ppm, J.s 2ppm.

Probe - nil.

DY light - Ho fluorescence.

Further wort - Probe. Only reoonnaissance necessary.

J. moderately well banded, etrongly magnetic dense black rock consisting mainly of coarse, massive to disseminated magnetite (6~) and fine grained, disordered, colourless serpentine

(3s:') which i8 oft-wite in hand-spe<:1men. The bulk ot the magnetite occurs as irregular, angular anhedra., (200 _ 500p diameter) when iaolated, but usually clustered into interlock1Ds

agsT'Bgates, gradine: to massive. A lImall amount of finer grained material, grad1118 dOlro to duet ot tew ~ and to finely fibrous grains, is sparingly dis8sm.inated thr<>u4lhout the

serpentinB. The ooaxss banding 1s defined by orude variatione, over the scale of a centimetre or eo, in the abundance of magnetite, from disseminated to weasiv••

The serpentine·le lIIa1n1y a diBordered mat or crude meshwork of m.!oroorystalline, low birefringence (greys) crystallite8 10 _ 100,P. Where d1s8emiDltoted within lIIasBive lIIS.f;Il8t1te, the

.erpentine pa.tchss pseudomorph crudely subhedral forsterite. and traces of high biretr1nBence material, probab17 the orilinel olivine, a.re preserved very oooasionally eno10sed in or

in the inters\ioes oC magnetite grains.

I

j

Irregular wi8pe of cryptocrystalline. alll1oa\ opa~ue lIBteria1 occur sporadically thro\l6hou\ the serpentine, and iU'EI espeolal~ abundan\ adjacent \0 masnetite grains. 'I'h8J" are oloudJ

but translucent. under .tr0D8 illum1DB.tion and dull ta'1m7 brown in oolour. They may oons1at of secondary, impure crystalline III86I18site. Amon,g and intergrow with the ~8H. are

-.11 gral.n.a of an opaque mineral which bas a. hiBher reflectiVity" than the surroundinB lII8.BJl.8'tite.

-_._-_._-



orig1.na.l1,.. "th1e reek ...u probably iii. 1'ora\erite - ('1'dlopelde) - lIllIBhetite skarn which has subeequently be8Il altered to a ae:rpentlne-magoetite aseemblaae.

ThJa rock 18 a weakly banded, non-magnetic ophlcalcite-predazzite marble. consisting ~in11 or calcite and brucite, with irregular elo~te patches of eerpentLDe and very-fine

grained pYrite as dinem1nationB and gnutular pods, The original IIediJllent '119.8 a slightly siliceous dolom.ite 'Which hae been IIUbJected to high grade tbeI'lll<Ll met9lllorpbiBll1, but

without elgn.1f'iea.nt 1I)9tasomatism. to produce a c<Iolcite-periclsse-minor forsterite 8nemblage. LoW' grade alteration has hydrated this to a b:ruoite-serpentine marble.

Brucite occurs as ~iBpr, curll aggregates ot very fine colourless flakes or Bcalee. barely discernible under the microscope, which peeudomorph the orLginal periclas8 grains, the

original globular to crudely square or octaBonal outlines of which are id1omorphic against the calcite. Distinctive optical characteristIcs of the brucIte are its length-fast

charaeter, and moderate birefrIngence to low eecond order.
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HOLE No. : SJ)1:5

PJ::{'ROUlGlCAL .D.fSCRIPI'ION BY J. EVERA.8I)

TASMANIAN MINBS DEPAR1'l'IDrr•RENISON LIMITED

DIAMOND DRILL HOLE PLOT•SCALE,

O.5.r,( (O.1~ acid soluble), W0
5

0.0"'. S O.~. A8 0.1a.'. Bi5Oppm, Cu. ,4OOppm. Pb <100ppm. zn 100ppm, .lg (ppm.

218.5 cont'd.

Probe - Serpentine present.

UV l1.£bt - Ho nuoreecence.

Purther vom _ a) Probe cryptocrretal11ne tawny 'U~ ., beet .een in "/2090)

b) Probe 'I.1Il.Il:n.ovn opaque (oould be well polished :aagnetite).

o
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The calcite i~ senerally fairly coarse (50 - 500JU) and xenomorphic. Slight to moderate bending of the rhombic cleaTage and poesibly some fracturing lorlic~tes some eyn- or po~t~

_lDllt.a.morphic deformation. Brucite &nd calcite are about equally abundant, suggesting the original rock ....ae close to dolomite in bulk COmJI0sition. Patchss of rather coarse bu"t

dIsordered. pale green (pale yellow in thin section) serpentine are up to several centimetres long and tend to be elonga."ted 80 that, together with the :P]Tite, they define a cnuie

banding. Smaller (9om) patchell of serpentine in the thin 8ec1;10D sometimes show a crude octa,gonal to oblong outline, pre8Ulllably pS8udolllOrphIng after forsterite. but B.r8' mont COlllllOnly

qui te irregular.

Pine graIned. colloidal opaque black pyrite is sprinkled or forms fuzzy rounded globules (mostly <' 100."u) thrOuQIout the rock, but is most abundant in broad, elongate pods. typically

1.;cm x 5mm. In these, colloidal black pyrite is almost massive, or almost obecures to largely obscures associated calcite or brucite grains. Minor filaments of ohlorIte, 5O-1OOJU

long. are associa.ted vith these yeine. The mineral has stra.i,ght extinction, length faet orientation and a birefringence up to reds of upper first ordlilr. T.b.e pyrite was probab17

depodted from lOW' tEllllp8re.ture fluids of lIIIgIIIlI.t1c origin that permeated the rock in the l.a.tur liI1:.a8ee of _tBmorphism.

ASIBa1- (SD9/225.0-2:n.O) Sn <0.10,', VO, 0.01:'. SO."" As <0.10J'. Bi 10 ppm, au 100pplll. Pb<'100ppm, zn 100pPllh AlI 5pplll.

Probe - Brucite, calcite, serpentine.

UV118bt - Bo nuo.reSC8DCe.

Furtber work - a) Probe ohlori teo

b) Check identification of P7X'lte.
\
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APPENDIX 4

RESULTS OF METALLURGICAL TESTWORK
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• •
EPB IN SIZE FRACTIONS OVERALL

Size Sn Sol. Sn Fe WO~ Sn
Product % WTFraction % % distn. % % distn. % % distn. % % distn. % % distn.

Total assay head 0.76 0.86 l6.3 .175
+300 assay head 100.00 0.33 100.00 0.38 100.00 11.1 100.00 0.33 0.09

-300/+.106 magnetics 36.67 2.08 98.36 2.10 98.38 36.8 80.08 0.44 92.72 2.08 48.78

non-mags 63".33 0.02 1. 64 0.02 1. 62 5.3 19.92 0.02 7.28 0.02 0.81

assay head 0.76 0.88 16.8

calc head 0.77 100.00 0.78 100.00 16.85 100.00 0.17 100.00

-106/+38 magnetics 28.17 2.37 97.89 2.27 95.70 4.89 7,9.32 0.50 90.74 2.37 21.09

non-mags 71. 83 0.02 2.n 0.04 4.30 5.0 20.68 0.02 9.26 0.02 0.46

assay head 0.69 0.79 16.0

calc head 0.68 100.00 0.66 100.00 17.4 100.00 0.15 100.00

-38 assay heaCl 0.83 0.89 15.7

- 38/+6 magnetics 27.17 2.1'9 82.78 2.09 82.10 47.7 78.76 2.19 11.56

non-mags 72.83 0.17 17.22 0.17 17.90 4. 8 21. 24 0.17 17.22

assay head 0.19

calc head 0.71 100.00 0.69 100.00 16.46 100.00

- 6 calc head 0.98 100.00 0.38 100.00 16.1 100.00 0.98 14. 51
CT
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• •
EPC IN SIZE FRACTIONS OVERALL I

I Size
Sn Sol. Sn Fe W03 Sn I

Fraction
Product % WT

% % distn. % % dis tn. % % distn. % % distn. % % distn. I
Tota~ assay head 100.00 1. 45 100.00 0.56 100.00 26.25 100.00 0.08 1. 45 100.00

-300/+).06 magnetics 71. 02 1. 32 82.63 0.45 80.33 40.3 98.02 1. 32 27.23

non-mags 28.98 0.68 17.37 0.27 19.67 2.0 1. 98 0.68 5.72

assay head 1.17 0.42 29.1 0.07

calc head 1.13 100.00 0.40 100.00 29.2 100.00

-106/+38 magnetics 58.49 1.50 53.87 0.49 58.49 48.3 97.42 1. 50 15.51

non-mags 41. 51 1. 81 46.13 0.49 41. 51 1.8 2.58 1. 81 13.29
assay head 1. 62 0.49 28.5 0.08

calc head 1. 63 100.00 0.49 100.00 29.0 100.00

- 38 assay head 1. 67 100.00 0.78 100.00 21.0 100.00 0.10 100.00 1.67 38.25

CJ
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EPD IN SIZE FRACTIONS OVERALL

J

Sn Sol. Sn Fe WO, Sn ISize Product % WT IFraction % % distn. % % distn. % % distn. % % distn. % % distn.

Total assay head 100.00 0.99 100,00 20,S 100,00 0.05 100,00 0.99 100.00

-300/+106 magnetics 54.80 0.94 53.02 0.98 51.93 26.8 70.96 0.94 22.49

non-mags 45.20 1.01 46.98 1.10 48.07 13,3 29.04 l.01 19.93

assay head 0.97 l.14 20.7 0.05

calc head 0.97 100.00 1.03' 100.00 20.7 100.00

-106/+38 magnetics 45.98 0.88 43.32 0.90 41.95 30.5 66.80 0.88 9.35
non-:-mags 54.02 0.98 56,68 l. 06 58.05 12.9 33.20 0.98 12.23,
assay head 0.93 1.10 20.5 0.05

calc head 0.93 100.00 0.99 100.00 21.0 100.00

- 38 assay head' 1.07 1.22 20.2 0.05 1.07 36.00

- 38/+26 magnetics 59.20 0.97 50.49 1.06 51.82 42.8 76,01 0.97 0.66
non-mags 40.80 1.38 49.51 1.43 48.18 19.6 23.99 1.38 0.64

c)
< ~--

calc head '-'- -
1.14 100.00 1,21 100.00 33.3 100.00

\ i".'..
('--

'--"
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• •
I IN SIZE FRACTIONS

,

OVERALLEPD

Size Sn Sol. Sn Fe WO~ Sn

Fraction Product % WT
% % distn. % % distn. % % distn. % % distn. % % distn.

-26 +20 magnetics 51. 32 1. 02 44.34 1.11 43.18 40.8 71. 55 1. 02 1. 73

non-mags 48'.68 1. 35 55.66 1. 54 56.82 17.1 28.45 1. 35 2.17

assay head

calc head 1.18 100.00 1. 32 100.00 29.3 100.00

-20 +14 magnetics 43.55 0.83 40.01 0.96 40.24 32.5 6.6.91 0.83 1. 27

non-mags 56.45 0.96 59.99 1.10 59.76 12.4 33.09 0.96 1. 90

assay head

calc head 0.90 100.00 1.04 100.00 21.1 100.00

- 14 +6 magnetics 36.48 0.8'4 35.31 0.92 34.47 34.6 62.64 0.84 2.57

non-mags 63.62 0.88 64.69 1. 00 65.53 1l.8 37.36 0.88 4.71

assay head

calc head 0.87 100.00 0.97 100.00 20.1 100.00

- 6 calc head 1.18 100.00 1.13 100.00 17.5 100.00 1.18 20. 3~;
.F·····',,."

,
F
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• •
EPE IN SIZE FRACTIONS OVERALL

Size Sn Sol. Sn Fe WO., Sn
Product % WTFraction % % distn. % % distn. % % distn. % % distn. % % distn.

Total assay head 1. 03 0.45 36.1 0.11

+300 assay head 100.00 0.72 100.00 0.29 100.00 40.3 100.00 0.08 100.00 0.72 2.36

-300/+,106 magnetics 74.23 1. 02 88.55 0.36 83.16 52.0 97.27 1.02 33.99

non-mags 25.77 0.38 11.45 0.21 16.84 4.2 2.73 0.38 4.40

assay head 0.89 0.34 39.6 0.10

calc head 0.86 100.00 0.32 100.00 39.7 100.00

-106/+38 magnetics 68.96 1. 07 71. 88 0.33 73.82 54.5 97.43 1.07 17.30

non-mags 31. 04.1 , 0.93 28.12 0.26 26.18 3.2 2.57 0.93 6.77

assay head 1. 04 0.33 38.9 0.10

calc head 1.03 100.00 0.31 100.00 38.6 100.00

- 38 assay head 1. 29 0.73 27.7 0.14 1. 29 . 35.18

- 38/ +26 magnetics 83.19 0.95 45.29 0.22 62.0 98.65 0.95 0.71

non-mags 16.81 5.68 54.71 4.2 1. 35 5.68 0.85
-

calc head 1. 75 100.00 52.3 100.00

- 26 +20 magnetics 91. 61 0.88 53.15 0.23 61.1 99.23 0,88 2.16,-...,-
non-mags 8.39 8,.47 46.85 5.2 0.77 8.47 1.90:,,'

calc head 1.52 100.00 56.4 100.00 r
t·~1
-. ",
t. .. ,.,.
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EPE IN SIZE FRACTIONS OVERALL

Sn Sol. Sn Fe W03 SnSize Product % WTFraction % % distn. % % distn. % % distn. % % distn. % % distn.

-20 +14 ' magnetics 69.36 0.81 47,58 P.38 76.79 55,9 97,46 0.81 1,36

non-mags 30.64 2.02 , 52.42 p.26 23.21 3.3 2.54 2.02 1, 49

calc head 1.1.8' 100,00 0,34 ' 100,00 39,8 100,00
,

+9 magnetics
,

-14 - 56.33 0.72 40,94 0,47 68,41 155,6 95,60 0,72 1,23
non-mags 43,67 1,34 59,06 0,28 31,59 3,3 4,40 1,34 1.,77

,
calc head 0,99 100,00 0,39 100,00 32,8 100,00

_9 +6 magnetics 63,12 0.74 51,98 0,58 75,62 55,2 96,92 0,74 1,34

non-mags 36,88 ~,17 48,02 P.32 24,38 3,0 3,08 1,17 1,23

-
calc head 0.90 100,00 p.48 100,00 5,95 100,00

- 6 calc head 1.37 100.00 6,9 100,00 1,37 21,14 c~

, C"
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EPF IN SIZE FRACTIONS OVERALL

Size Sn Sol. Sn Fe WO., Sn

Fraction Product % WT
% % distn. % % distn. % % distn. % % distn. % % distn.

Total assay head 0.91 0.68 46.3 0.01

+300 assay head 100.00 1. 05 100.00 0.72 100.00 45.1 100.00 0.01 1,05 5.88

-300/+,106 magnetics 80.14 0.84 75.50 0.58 75.49 61. 5 98.77 0.84 38.91

19.86 1.10 24.50 0.76 24.51 3.1 1. 23 1.10 12.63
non-mags

assay head 0.88 0.66 49.5 0.01

calc head 0.89 100.00 0.62 100.00 49.9 100.00

-106/+38 magnetics 76.98 0.66 56.34 0.44 53:48 64.1 98.26 0.66 12.25

non-mags 23.02 1.71 43.66 1. 28 46.52 3.8 1.74 1.71 9.50
I

assay head 0.90 0.63 50.0 0.01

calc head 0.90 100.00 0.63 100.00 50.2 100.00
\

-

- 38 assay head 0.98 100.00 0.80 100.00 33.6 100.00 0.02 ~OO.OO 0.98 20,83

--

-- c;,
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\
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EPG IN SIZE FRACTIONS ... OVERALL

Size Sn Sol. Sn Fe WO'1 Sn
Product % WTFraction % % distn. % % distn. % % distn. % % distn. % % distn.

Total assay head 100.00 0.57 100.00 0.31 100.00 18.6 100.00

-1680+1200 magnetics 73.90 0.94 98.52 0.33 96.89 27.5 97.13 0.94 1. 80

non-mags 26.10 0.04 1. 48 0.03 3.11 2.3 2.87 0.04 0.03

calc head 0.70 100.00 0.25 100.00 20.9 100.00

.,1200+.850 magnetics 64.65 0.78 94.07 0.43 94~02 27.2 93.43 0.78 17.68

non-mags 35.35 0.09 5.93 0.05 5.98 3.5 6.57 0.09 1.11

calc head 0.54 100.00 0.30 100.00 18.8 100.00

-850+600 magnetics 60.78 0.82 92.03 0.48 93.70 28.4 92.44 0.82 11. 68

non-mags 39.22 0.11 7.97 0.05 6.30 3.6 7.56 0.11 1.01

calc head 0.54 100.00 0.31 100.00 18.7 100.00

-600+425 magnetics 59.81 0.85 92.00 0:51 91. 56 29.8 91. 92 0.85 8.58 , ;

non-mags 40.19 Q.ll 8.00 0.07 8.44 3.9 8.08 0.11 0.75 (,
calc head 0 •. 55 100.00 0.33 100.00 19.4 100.00

I-
:r .)
( ,



• •
EPG IN SIZE FRACTIONS OVERALL

Sn Sol. Sn Fe WO, SnSize Product % WT distn.Fraction % % distn. % % distn. % % distn. % % distn. % %

--

-425-+300 magnetics 56.38 0,90 87,91 0,54 90,88 31,4 91,65 0.90 7,45

non-mags 43,62 .0,16 12,09 0,07 9,12 3,7 8,35 0,16 1,03
- .' -J--.

calc head 0,58 100.00 0.34 100,00 19,3 100,00

-300+212 magnetics 51,06 0,91 81,89 0.54 81:25 35,6 90,50 0.91 6.25
non-mags 48,94 0.21 18,11 0,13 18,75 3,9 9,50 0,21 1.38

i
calc head 0,57 100,00 0.34 100.00 20,1 100.00

-212+150 magnetics 48,47 0,90 74,48 0,52 76.53 38,1 89,73 0,90 4,29

non-mags 51,53 0.29 25.52 0.15 23,47 4,1 10,27 0,29 1,47

calc head 0.59 100.00 0.33 100.00 20,6 100.00

-150+106 magnetics 44.40 0,88 66.75 0.50 66,63 42,4 89,43 0,88 3.39 C
55.60 0,.35 _ 33.25 0.20 33.37 4,0 10.57 0,35

r'-·"""non-mags 1.69 -
calc head 0.58 100,00 0.33 100.00 21.0 100.00 F-

?
'-"""c_



•
EPG IN SIZE FRACTIONS OVERALL

Sn Sol. Sn Fe W03 Sn
Size Product % WT

Fraction %. % distn. % % distn. % % distn. % % distn. % % distn.

-lD'6+75 ::, magnetics 40.77 0.82 55.10 0.45 59.60 46.0 89.03 0.82 2.97

non-mags 59.23 0.46 44.90 0.21 40.40 3.9 10.97 0.46 2.43

calc head 0.61 100.00 21.1 100.00

-75 +53 magnetics 35.24 0.79 42.15 0.42 45.84 50.3 87.53 0.79 l.58

non-mags 64.76 0.59 57.85 0.27 54.16 3.9 12.47 0.59 2.18

calc head 0.66 100.00 0.32 100.00 20.2 100.00
,

-53 +38 magnetics 32.90 0.8'2 37.50 0.42 39.16 50.3 87.57 0.82 0.65
non-mags 67.10 0.67 62.50 0.32 60.84 3.5 12.43 0.67 1.08

calc head 0.72 100.00 0.35 100.00 8.9 100.00

- 38 assay h§,!ld 0.87 0.53 3.2 0.87 19 • 52 (.
('

-38 +26 magnetics 58.70 0\57 24.33 0.24 41.54 ~0.3 89.83 0.57 0.18
41. 30 2.52 10 . 48

I"'non-!'lags 75.67 58.46 9.7 10.17 2.52 0.56
J-~

Calc head 1".37 100.00 10.34 100.00 p9.4 100.00 .



• •
EPG IN SIZE FRACTIONS OVERALL

.

Size
Sn Sol. Sn Fe WO~ Sn

"raction Product % WT
% % distn. % % distn. % % distn. % % distn. % % distn,

-

-26 +20 - magnetics 62.76 0.78 36.77 0.38 45.09 57.6 91. 77 0.78 0.74

non-mags 37.24 2.26 63.23 0.78 54.91 8.7 8.23 2.26 1. 28

-
calc head 1.33 100.00 0.53 100.00 39.4 100.00

-20 +14 .

.

0.85-20 +14 magnetics 28.95 0.85 28.47 0.46 31. 37 50.8 85.54 0.53

non-mags 71.05 0.87 71. 53 0.41 68.63 " 3.5 14.46 0.87 1. 32

_" .•.. r, ~
, I

calc head 0.86 100.00 0.42 100.00 17.2 100.00

-14 +9 magnetics 22.22 0.79 21. 38 0.40 22.66 51. 5 83.06 0.79 0.46

non-mags 77.78 0.83 78.62" 0.39 77.34 3.0 16.94 0.83 1.68

calc head 0.82 109.OO 0.39 100.00 13.8 100.00

-9 +6 magnetics 20.34 0.68 16.96 0.35 15.70 55.1 81. 94 0.68 0.40

non-mags 79.66 0.85 83.04 0.48 84.30 3.1 18.06 0.85 1.94

calc head 0.81 100.00 0.45 100.00 13.7 100.00

-6 calc head 0.82 0.72 31. 3 0.82 10.43
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RENISON LIMITED

INTRA-OFFICE MEMORANDUM

TO:

FROM:

DATE:

SUBJECT:

CHIEF GEOLOGIST

EXPLORATION GEOLOGIST

18th AUGUST, 1981

DIAMOND DRILLING PROPOSAL - ST DIZIER AREA

Diamond drilling at St Dizier has outlined a deposit with a
potential size of 2 - 3 million tonnes, in metallurgically complex
skarn mineralization,averaging 0.5 to 0.7% Sn.

At present it appears that the mineralization occurs in two or
more discrete bodies, however, continuity between ore intersectio~5

has not been established because they are generally too widely
spaced. Infill drilling is therefore required before a meaningful
evaluation of the deposit's economic potential can be made.

Any new drilling within the three existing leases should follow
an overall strategy for closing up the existing drillhole pattern
so that the mineralization will eventually be drilled out in a
logical manner. An appropriate spacing at this stage of
exploration is 60 metres. As the attached longitudinal section
shows (plan 1), this should fit in with the existing drill
pattern quite well; A total of sixteen drillholes averaging
250 metres deep each (4,000 metres in all) is suggested by this
approach.

1,000 to 1,500 metres of diamond drilling is planned in the current
program. Of this, no more than 750 metres should be carried out
within the existing leases if a fourth lease is granted by the
State Mines Department. As the land tenure situation is still
unresolved, only two drillholes are proposed at this time,
DOH's SD16 and SD17. Details are as follows:

5016:

Aims - to intersect near-hangingwall mineralization within the
skarn half-way between the two intersections in SDIO
(3m horizontal thickness at 0.44% Sn) and SD13 (11m
horizontal thickness at 0.65% Sn).

- to intersect near-footwall mineralization between SD9
(3m horizontal thickness at 0.82% Sn) and SD13 (~5m h.t.
at 0.21% Sn).
to intersect the granite.

Collar Co-ordinates - 5 367719 N / 345160 E

Orientation - 1800 azimuth, -570 inclination

Anticipated depth - 350 metres
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5017:

Aims - to intersect near hangingwall mineralization within the
skarn beb:e:en 5013 (11m h.t. at 0.65% ,Sn) 2nd SOlS (26m
h.t. at 0.47% Sn), downdip from SD13 but at about the
same R.L. as the SOlS intersection.
to intersect the granite on the northern side of an
interpreted trough-shaped contact.

Collar co-ordinates - 5367468 N /345313 E

Orientation - 347 0 azimuth, -580 inclination

Anticipated depth - 315 metres

In both of these holes, as well as any further infill drilling,
·every attempt must be made to maximize core recovery and to keep
hole deviation to an absolute minimum. In both cases the target
is anticipated at depths of 220 metres or more. A deviation of 50
at 220 metres would result in an intersection 19 metres off target •

-P.A. ROBERTS
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ST. DillER SKARN ZONE
LONGITUD AL PROJECTION - LOOKING NORTH

PROPOSED DRILL PATTERN
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