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RECORDING OF ENGINEERING AND INDUSTRIAL HERITAGE SITES,
ADAPTED FROM FIELD INSTRUCTIONS OF THE HISTORIC AMERICAN
ENGINEERING RECORD (HAER).

D.A.Cumming.

1.0 Introduction

The essential aim of the work is to document important engineering and
industrial sites and structures effectively. It is done by a team which normally
consists of an engineer, a historian, and an architect who possess different back-
grounds, interests and expertise. The work will only be successful when their
. skills are applied to the task so that each complements the others; cocperation
and sharing information is essential if success is to be achieved. On arrival at
the site, the team will often encounter a number of mysteries or puzzles: the
function of a particular structure or artifact may not be easily recognized. It
may not be known why it is there, when it was made, or what it did. Alternatively
a missing object may be the mystery, what fitted into the empty room, or on to the
remains of a foundation. What was there? What did it do? Unknowns must not be
ignored; they are often very important.

The process of recording a site has much in common with good practice in
acquisitioning and preserving objects for a museum. Artifacts are three dimensional
objects which after proper examination can tell us much about the people who made or
used them; they can tell us how people spent their time, performed tasks, earned
their living, used materials, and shaped and worked the finished articles.

Occasionally sites can be preserved by a current compatible and sympa-—
thetic use, sometimes as a museum, occasionally as ruins. Most will probably be
completely destroyed and their information lost unless they have been adequately
recorded; this is in many ways, the functional equivalent of physical protectiom.
Reports, photographs and drawings, like artifacts in a2 museum, store information on
past human behaviour. - -

Provided the right questions are asked and answered; documentation has
some advantages over .physical preservation: the site and its function can be
explained; documents are the results and summary of research., They have definite
limitations; texture, heat light, colour and sounds are hard to record on paper.

1.1 Documenting technological sites and structures

There is no set formula for each site differs and requires its own spec~
ific treatment., The basic questions are usually:-

What was there?

Why was it there?

How did it work?

Why did it take the shape it did?
Who did the work?

How did the site change through time?

Finding answers requires good detective work: the following advice is
usually helpful when time is short:—

(1) Decide on the questions which seem most applicable; establish am
historical point of view; develop a strategy or plan of attack.

(ii) There are often a number of sources of data: but start with the site
itself. What questions does it raise? Then examine manuscripts,
published materials, historic graphics and knowledgeable local people
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(v

who worked on or at the site.

Adapt to the available data: if information in one area is scarce,

turn to another.

Record information by the best means available; recegnizing that written
reports, drawings and photographs have both strengths and weaknesses.

A written report explains best why a site was chosen, a drawing
describes more precisely its situation: photographs show clearly
durability, texture and workmanship. In general historians (and
engineers) should use graphics extensively; architects should use

script as well as lines on their drawings.

The report concerns a particular site; it must at all times feature in
the foreground: regional or national developments may be relevant, but
are essentially background supporting material.

1.2 Analysis and description of location

A site, situated on property with real boundaries, may be analysed in

terms of:-

(1) Topography .

(ii) Geclogy including foundation problems T

(iii) Climate

(iv) Resourees including minerals, bulldlng materials and supplles of
water, power, fuel- etec,;

(v) Natural or man-made barriers

(vi) Transportation systems

(vii) Utilities such as water, electricity, drainage

{viii) Land values

(ix) Markets and capital

{x) Labor

(x1i) Zoning ordinances, regulations, taxes

(xii) Community and business services

i.3 Anélyses of contents

A site may contain one or many structures; some may already have been

demolished; some may be important because of what they are, or what they did,
because of rarity or alternatively because they are typical examples of a once
common structure. Thelr importance may be in who built it, used it, or what it
looks like. Significant questions include:

What is it?

What was its function?

When was it built, manufactured, destroyed?

Who designed it, engineered it, built it?

How much did it cost?

Of what materials was it made and why?

How was it made?

How did its form relate to its function?

What machinery or process did it house?

How many people worked on it or in it?

What products were made?

What processes were carried out?

How long did it remain in service?

Is it rare or unusual?

Is it typical of an important but now scarce type? 7 _ _
Is it associated with significant individuals, inventions or events?
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How much did the individual item contribute to the econcmics or
technology of the site, structure or process.

1.4 Analysis of a work place

Some of the questions to be asked are:

What machines or tools are or were present in the structure?

Who manufactured the equipment and when?

How much skill was required to operate the machinery?

What was the source of power for the machinery?

How was this power transmitted through the site or buildings?

What tasks were performed?

What were the products?

What materials and resources were used?

How were they processed or shaped?

What were the working conditions, e.g. heat, light, ventilation, fire
prevention, air pollution, noise?

What was the size of the labour force?

What different occupations and trades were involved?

Where did the labour force come from?

What was their composition ethnically or by sex and age?

Were children employed?

Was the labour force exploited?

Was the venture profitable?

How were the profits and rewards distributed or shared?

Whenever a site is complex and an assemblage of work-places, investigate
their inter-relations and inter—dependencies.

1.5 Temporal and Technological Changes

The site, especially when used for a long time, will have survived many
changes, and much wear and tear. An enterprise may be successful for a time, it
grows, changes its machinery and processes. Competition forces it to change. -

Not all changes are equally important; select the most important which
are generally; -

the initial development
the zenith of its development
the final period of collapse.

Look for changes in ownership or internal organisation, the arrival of
innovative people, changes in the local and national economy, changes in markets,
the growth or decay of competitors, fires, explosions, strikes. Try to find out —--
who instigated or resisted changes and why? Did the changes come from inside or
outside? What new machinery or processes were required?

1.6 Impacts

A site was often part of a larger community; What effects did the site
have on this community? Did the goods or services provided have regional or
national significance? Were new products or technologies developed at the site and
subsequently adopted by others? What effect did the site have on the envircnment
and "quality of 1life", locally and regionally?

1.7 Intangibles
Human actions are not always logical and rationmal: cultural values and
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personal quirks can be significant: these should be considered and evaluated
where possible. o

1.8 Conclusion
These areas of enquiry do not constitute a formula for evaluating sites.

Use this list to generate an appropriate strategy for the particular site and set
of resource materials under consideration.
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IDENTIFYING BOTTLES,

David Hutchison.

Introduction

About 8 years ago, when plagued by numerous inguiries about the dating
of bottles, I devised a "provisional field guide' based on a number of
references (a. that time principally American}, some personal
observation of bottles recovered from sites in W.A., and on informa-
tion derived from correspondence with several people, Ivor Noel Hume
of Colonial Williamsburg particularly.

The resulting key has proved useful as far as it goes. It could be

improved by providing much more detail which I have not had time nor
opportunity to do.

This key must, of course, be used only to obtain a first approximation
to a date. We still know too little about the dates of adoption of
new technologies in different factories and in different countries. A
new technological development might have been adopted much earlier in
America, say, than in Australia - or much earlier in one American
factory than in another. There is no substitute for a critical -
analysis of an assemblage of artefacts from a particular site.

'REFERENCES: Derry, T.K. and Williams, T.L. A Short History of

_ Technology (Oxford U.P.)

Kendrick, Grace, The Mbu%%-Blown Bottle
(Pub. by the author, U.S.A.)
Wyatt, Victor, From Sand-core to Automation

(Glass Manufacturers' Federation, England)

General Notes

Free-blown bottles were first produced about 2,000 years ago. At

first they werz 'free-blown' but were later mouth-blown in moulds. In
1903 the first successful machinery for blowing bottles was manufactured.
Free-blown bottles are still used for special uses.or for aesthetic
purposes. _ o '

After about 1917 machinery became almost universal in bottle manufacture.
Free-blown bottles were most common until the mid 1850's. Moulded

bottles were reintroduced about 1800. (There were some moulded bottles
quite early but moulding was not used much between then and 1800).

Ingredients .
Sand - ideally 99.9% pure silica.
Flux - to enable melting of the sand at a lower temperature

(about 2000°F).
Two fluxes are used principally: o
potash - which causes the glass to be more difficult to blow,

. soda - which produces a softer glass.

Lime - to stabilize the glass. A sand/soda glass is unstable and tends
to dissolve. ('"Soda-lime'" glass now forms about 90% of total
production). _ ‘ _

Cullet - about one - to three-quarters of a mix would be old glass.

Crystal glass - made of refined ingredients with about 25% to 50% lead oxide.
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Colouring

Colour depends upon the amoun® of wetallic oxide present, the
temperature of the melt and upon reheating at certdin stages of
manufacture. Glass tends to be green to blue because of iron
impurities. Colourless glass is bleached by adding manganese or
selenium. Too much oxide gives a 'black' glass. A cheap 'black' glass
was made by adding iron filings.

[See 'colour change' in the following key.]

Colour Oxide of the following metal used
. Blue cobalt or copper
. Yellow

Purple or brown
. 'opal' ('milk')
. Ruby red

Red

. Emerald

. Purple (or colourless)
. Yellow, pink (or colour-
less)

. Common brown.

. "Prismatic surface'
. Surface colour similar

chromium, sulphur, silver, charred horn
nickel

tin, zinc

gold (metal)

copper

copper or iron filings

manganese

selenium

carbon
reheating when copper present

probably due to thin film of -

to oil slick on water glass on surface being dissolved on exposure.

, THE KEY
PRINCIPAL HEADINGS:
' (A) Surface . (B) Shape (€) Seams
(D) Lip and Stopper (E) 'Kick up' _ (F} Lettering
(G) Pontil marks (H) Colour changes (I) Seals
(J) Vent marks (K) Some defects (L) Fruit jars.
(A) Surface

A.l - a very smooth surface without seams.

A.1.1 Free-blown bottle: no seams, lack of exact
symmetry, high lustre surface
- most common tntil c.1850's.
A.1.2 Tum-moulded: (bottle turned in mould to cbliterate
" seams). no seams, smooth surface, but more precise

symmetry. May be rings due to impurities or
imperfections of mould during turning. These can be
seen by looking along surface of the bottle.

- mainly just before or just after 1900.

A.2 - Seams present:

a moulded bottle
- after ¢.1500 (see C)

A.3 - Whittle marks:

('"hammered appearance' of surface produced when
iron mould is co'd. Tended to occur in first
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A3

N.B.

bottles produced in a day. In later years all iron
moulds were pre-heated)
- iron mould, after c.1860.

{some bottles are given artificial whittle marks, but
experience may help to detect this)

Condition of surface is not a reliable indicator of age,
although it helps. A bottle in dry conditions, if
sheltered from sand-blast, will keep a shiny surface far
longer than one in moist condltlons Experienced cbservers
may use surface erosion as another indicator of age.

(B) Shape

(principally refers to general evolution of shape of cylindrical
bottle, with two special shapes)

B.1

B,2

B.3

B.4

Evolution of cylindrical bottle:

B.1.1 1longer neck
- before about 1675.

B.1.2 neck shortened, shoulder more angular
- ¢.1675/1680.

B.1.3 neck shortened further, body more dome-shaped,
'kick up' wider and higher. Body rather tapered.
- c.1680-1715. '

B.1.4 cylindrical bottle similar to modern port bottle -
body sides nearly vertical
- ¢.1750.

Free moulded bottles in general:

A blown bottle tends to be spherical unless moulded. Flat
bottoms and sides may be formed by placing on 'marver’
(flat plate) or by shaping with paddle-like tools or by
slapping down on marver.

- most common before c.1800.

Special wine bottles:

B.3.1 slender green moselle
B.3.2 slender amber hock
B.3.3 pot-bellied burgundy

B.3.4 ‘'robust' champagne
- ¢,1800 (U.K.) a bit earlier on Continent’

Egg-shaped aerated water bottles:

(early aerated water bottles were corked and the bottle had to
lie on side to keep corl moist and prevent loss of gas, hence
rounded bottom)

B.4.1 Original egg-shape

- later 19th C. to
c.1907.
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B.4.2 Flat bottom egg-shape . .
(with introduction of crown-seal bottle could

stand up, partly egg-shape preserved for
tradition)

- ¢.1907 to c.1919.

(C) Seams

General: Moulds became common after ¢.1800. Mainly wooden
moulds were used until c.1860. Principally iron
moulds after ¢.1880. Experience may help to detect
surface differences and general appearance of seams.
Seams of iron moulded bottles tend to be finer than

for wooden and become finer still as better iron
moulds are produced.

C.1 Sean onrbody, not on neck:

€.1.1 2 piece mould for body and shoulders, neck and lip
drawn out and formed by hand.

' neck seam _
body - - before c.1860.
seom [ l -

C.l.Z later bottles have higher neck-seams.

: - after c,1860.
C.1.3 mneck seam only about 3mm below crest.

C.2 No seam on body, neck formed separately. '
(some bottles were formed with a one piece mould for the
body, with neck moulded separately)

( —ﬁﬁjz;;::::j - early 19th C.
SCAm

C.3 Seam continuous to crest of lip:

2 piece mould, machine made bottle - 1903 or later.

C.4 Three piece mould:

~_

- mid 1800's.

Somelimeas Seam o botto ma

povk (4- prece woold)
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(D) Lip ("Finish'") & Stopper

The lip was formed last with a mouth-blown bottle, hence the
term "finish'' - which is still used although the lip is formed
first on a modern bottle. From c,1600 to c.1870 bottles were
mostly corked.

D.1 Sheared or rolled lip:

(Lip cut off with shears and smoothed by tool or melting,
or lip rolled back causing bulge on inside or outside)

- before c.1840.

D.2 Laid-on ring:
(introduced for effervescent liquids to enable wiring on.
of cork)

thread of glass laid
on a round neck
about 6mm from
crest

- after 1840,

Note: In c.1850 a 'lipping tool' was introduced to form the
lip. This may leave scratches and/or rings
circumscribing the neck near the lip.

D.3 Codd's glass marble stopper:

- 1873 and later.

D.4 Rubber gasket inside bottle controlled by wire loop through
neck: (Hutchinson's patent)

- ¢,1873 and later.

D.5 'Lightning' stopper:

rubber or porcelain plug clamped down or released with
click of wire bale. '

- mid 1880's to c.1920.

D.6 Crown seal:

--1892 and since

(-not general in Australian manufacture until c.1907)

D.7 Inside screw closure:
(especially whiskey bottles and English pottery bottles)

- ¢.1900.

D.8 OQutside screw closure:
(used earlier on 'specialty bottles' such as reusable
whiskey flasks but not common until thread standardised
in 1920)

- ¢.1920 and since.
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(E)

(F) -

(@)

'Kick Up' (Concave base)
E.1 Very exaggerated:

! ™ > - 18th C. § early 19th C.

E.2 Moulded kick-up:
(Conventional 2 piece mould could not be used as kick-up
would lock 1ds together)

/I\ook.

- ¢.1880."
kmkli e ¢

E.3 Separate base-plate and 2 piece body mould:

%* Yy

P Sedin

Lettering

F.1 Principally introduced after 1860. with iron moulds, but
could occur on bottles before this. Does it appear
moulded, if so

for erregpo v-\dmr_) Sedmy

- after c,1860
(roughly)

F.2 Slug plates:

introduced in late 19th C. These were thin metal sheets
with embossed lettering which fitted into a sunken panel
in the mould. Plates could be changed to use the same
mould for different customers' bottles (A seam might
show around edge of panel).

- late 19th C.
F.3 Lettering on bases:

F.3.1 1 or 2 digit number, Cavity number. A sequence of
' moulds of same design.

F.3.2 3, 4 or 5 digit number, with perhaps 1 or 2 letters.
Mould design number.

F.3.3 Symbol, monogram, few letters. Trademark.
F.3.4 Word. Name of product or customer.

Pontil Marks (or Scars)
(these appear on the centre of the base of the bottle)

G.1 Pontil mark:

rough ring or disc. Made when bottle held by 'pontil' during
forming of lip. AIl bottles before 1860 with few exceptions.
Most of exceptions would have a cold finished lip in which
case grinding should be obvious.

- generallv before 1860
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(H)

(1)

(9]

(X

G.2 Improved pontil mark:

round or squarish. May appear to be ground in. Partly or
wholly metallic surface.

- after 1840
6.3 No pontil mark:
if a mouth-blown bottle

- ¢.1860 to c.1903

Colour Change

H.1 Manganese used to produce clear glass. Very apt to
'solarize' to amethyst colour.

- ¢.1890-c.1916

H.2 Selenium became most popular rdiscolourizer’. May also
change to a 'ripened wheat' or ‘honey' colour.

~ after c.1916

NOTE: C(lear glass containing Manganese may be coloured more
quickly by exposure to more intense ultraviolet
radiation. Glass may also be dyed. If dyed scratching
will show that colour is only near surface.

Seals

commonly on shoulder, often with lettering or mark.

- introduced c.1650

Vent Marks

As iron moulds. improved the complete neck and lip were formed with
the body mould. Moulds were also locked together more securely.

Air could not vscape from between glass and mould so small vent
holes were drilled - usually in shoulders or base. They left a
pinhead size pointed mound of glass, usually placed where they might
appear decorative. E.g. - quite common on whiskey bottles at
shoulders in ¢.1900. Now often incorporated in raised lettering or
drilled within joints and not noticeable.

If vent marks are detectable - probably later 19th C. to early 20th C.

Defects

(just a few more obviocus ones. These are not much use in
identification).

. Stones:  fragments broken off when poor clay used in melting pots.
Wrinkles in glass may cause 'tails' or 'insects'.
. Seeds: myriad small bubbles formed if mix fired too slowly.

. Cloudy or bubbly glass: usually cheap bottles due to 'gall' not
being removed from surface of melt.
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(I.)  Fruit Jars

L.1 Wide mouth bottles:

- before ¢.1850

L.2 Mason screw topped fruit jar:

(John L. Mason. Body mould included threaded mouth < which

did not appear until later on necked
$crw fop  bottles. Rubber gasket for sealing at
: shoulder) .

N rubber gaskel

- ¢.1858 and since

L.3 Jars made by 'press and blow' machine

- ¢.1882 and since
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NOTES ON THE EARLY HISTORY OF SMELTING COPPER ORES IN SQUTH
AUSTRALTA,

D. A. Cumming.

By the end of 1845 about 900 tons of copper ore had been
carried to Port Adelaide and exported to Swansea in Wales
where it brought about twenty pounds per ton. 1t was
obvious that much higher prices could be obtained if the ore
was smelted to copper before export and the consequent cost,
which was on a per ton basis, of shipment to England reduced.

Many people, including Edward Davy, physician, chemist and
journalist who had earlier invented a telegraphic relay,
experimented with smelting copper ores at Port Adelaide using
charcoal (Blainey 1963, 110). Penney and Owen arranged a
private act of the Legislative Council to safeguard their
rights to one smelting process (Linge 1979, 144). The Burra
company engaged Germans to build them a smelter, but aban-
doned the wventure.

Late in 1847 the brothers Thomas who had previously operated
a smelter in Chile, established the Bremer smelting works
which started operations in August 1848 (S.An. 26/8/48) using
charcoal and poor quality ores.

In 1848 Periney and Owen erected a smelter at Apoinga 25 miles
north of Kapunda to smelt ore from the Burra mine: the first
metal reached Adelaide in 1849, The proprietors of the
Kapunda mine set up a smelter which started production in
December of the same year.

The Adelaide Smelting Company which was formed in December
1847 with a capital of 20,000 pounds built a smelter at Yatala
east of Port Adelaide, started operating in February 1849 and
by mid-December had produced 140 tons of copper worth 12,000
pounds using imported coal and coke for the hot blast machin-
ery (Linge 1979, p.l45) and often as fuel for the furnaces
when charcoal was not available (S.A.Register 1/12/45, 29/8/46,
15/9/46. 29 April, 4 October and 15 December 1849 and 2/10/50).

The Burra company which had earlier backed experiments in
smelting with charcoal, called tenders in 1845 for the con-
struction of a smelter. In 1846 they stated that they had
1460 tons of ore ready, and attempted to raise capital for a
smelting company.

The Patent Copper Company which was already established in
New South Wales started construction of a smelter costing over
60,000 pounds at Burra in December 1848. The first furnace
started production in March 1849: three more followed in June
and two more dn October,

A generalised flow diagram of the grading of copper ores and
their subsequent processing in about 1890 is given in fig.l.
The flow diagram given by Hopkins of the smelting processes

used in Wales in the early 1800s is given in fig.2.
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Fig. 1 Grading ot copper ores and smelting to metallic copper

Pyritic ores (hlgh in iron sulphide) were calc1ned at a temp -
erature of 800°C. for 12 - 24 hours in a reverbatory furnace
with a capacity of 3 - 4 tons to leave the sulphur in equi-
molecular portions of Cu So and Fe S. The product was
granulated by quenching.

This calcined pyritic ore was mixed with oxide ore low in iron
and then heated in a small reverbatory furnace (2) with a
silica hearth at a temperature of about 1150°C. when the
principal reaction was:-

Cus + Fe 5-— CuyS + Fe O
The product was a coarse metal or matte with a composition

generally 317% Cu, 41% Fe 277 S, the surplus iron oxide being
removed with the aid of silica from the hearth as a black slag

Pyritic ore

Waste slag

Low grade ore

High grade ore

White metal
P

<
~ Slag

Oxide and carbonate ore

1,3, . Calciner.

2 ...0¢e furpace

4 ___ Metat furnace,

$ __.Fine metal fqrnace
6 ... Roaster

?

... Reltnery turnace Tough pitch metal

Fig 2 Flow diagram of Welsh smelting process circa 1030 by Hopkias
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with a composition 60% Sc0, 30% Fe O, and other minor compo-
nents.

After granulation this matte was mixed with high grade sulphide
ore low in iron and calcined (3) to reduce the sulphur content
from 30% to 15%6 charges of 2 tons were generally treated for
24 hours at 8007C,

The coarse metal from this calciner was mixed with rich oxide
ore and transferred to a metal furnace (4) at a temperature of
1200°C. to obtain nearly 1007 white metal with a composition
of 75% copper 2% irom and 23% sulphur. The rich slag contain-
ing up to 5% copper was returned to the previous calciner. If
the iron content was too high or rich oxide ores were not
available, blue metal with an excess of iron was produced and
treated to an additional oxidising fusion in a fine metal
furnace (5) to produce white metal of satisfactory quality.

The roaster (6) which followed, induced the exothermic double
decomposition process: - :

2 Cu20 + CuZS-—* 65Cu + ZSO

Pigs of white metal were stacked, 6@nd gradually decomposed to
molten metal over an eight hour. perlod Slag was skimmed from
the surface, and the metal cast 1nio blister pigs.

These were further treated in the reflnery furnace for 24 hours
in an oxidising environment, followed by a final reduction to
pure copper. ' B

This process required in 1850 about 20 tons of coal per ton of
copper from high grade ores and 30: - 40 tons of coal for low
grade ores.

In the late 1850s blast furnaces came into use for the first

three stages of the process. The Pilz furnace was introduced
in Saxony in 1866 with a free standing pentagonal hearth and

water cooled tuyeres; in the same year water cooled furnaces

were operating on the Rhine. Later Bessemer converters were

used as at Wallaroo for the roasting of the matte.

About the same time revolving multiple hearth furnaces were
introduced for the preliminary roasting. Electrolytic
refining of copper in acidic copper sulphate was first used
in Wales in 1869.

The dressing of copper ores was revolutionised by the discovery
of the flotation process in which ground ore was agitated in
water with oil and air, so that a bubble attached itself to

one of the components and floated it to the surface.

Recovery of copper was effected by leaching the tailings dumps
with acid (generally sulphuric acid) and precipitating the
copper from solution with scrap iron. This process was known
in the Wallaroo area as cimentation. The result was finely
powdered and generally impure copper, the conscolidation of
which could be expensive.

\
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