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with top plate. Homestead
enclosure, Fysh River, NSW

The fate of cockatoo fencing
was destruction by fire and
frequently sooner than later.
Some members may recall the
conflagration of a magnificent
cockatoo fence in the original
film version of 'On Our Selec-
tion'

Fig

The great variety and combina-
tion of fencing types arose as
much from material shortages and
a consequent need to use what
was procurable as from a desire
to improve the utility and dura-
bility of fencing. An article
of 1827 in The Australian on the
Bathurst area {(and attributed

by Malcolm Ellis to William
Dumaresq) illustrates the point.

1y
I

'From the great scarcity of tlmbEI,f -
fencing is a very expensive
improvement, and is only to be
seen on the farms of the richest
settlers, the want of paddocks
is very general - what fences

‘there are are bad, generally made
of stringy bark, of a very -
inferior quality to the tree
found nearer the coast, and as
for iron bark there is none.

What little fencing timber
there is, is found on the ridge
..... The smaller settlers
content themselves with a 2

Wil

T

10 Construction used for
"chock~log'! fences ;

i

11l Construction used for
clasping post or stakes,
Coolamine Hut stockyards
NSW

[

rail fence, and half the space Fig, 12 Lashed stakes with post
underneath the lower rail is and top-rail system for
filled up with turf pared from sheepyards, Pyramul, NSW
the most tenacious part of the and Jondaryan, QLD,
soil, and makes an excellent
fence'.(13)
{ n n
i
T
!
Fig, 9 Construction used for Fig. 13 Woven fence of split

wooden 'zig-~zag' fences;

133"
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The fencing of sheep properties
in the Western Districts was
given impetus in 1854 by the
outbreak of scab(l9). Else-
where pleuro pneumonia was to
impress Riverina cattlemen in

During the early 1850s squatters~
were carrying out a variety of

experiments. John Learmouth and ;
his neighbour William Lewis of ‘
"Terinallum®in the Western |
Districts of Victoria erected a W

boundary fence in which the
lowest rail was replaced by a
stone dyke(l4). At the same
time, George Russell, who
superintended the Clyde
Company's operations in Victoria
wrote to Lewis from Scotland
suggesting a turf bank two feet
high or upwards with wooden
stakes driven into the bank ten

|

i
el

|

|
|

feet apart and two wires stapled |

to the stakes 2" and 1'9" above
the bank{15). Both were built.
This tradition continues in the
Western Districts and may also
be seen at Coswell, near Swansea,
in Tasmania where rock-pile
walls or dykes form the base
storey for both post and wire
(Fig.l4) and modified cockatoo
fencing.

Fig. 14 Stone dyke with post and |
wire at Cosworth, near '

Swansea, Tasmania

From 1852 to 1855, the Clyde
Company tried a variety of 'iron
wire hurdles' from C.D.Young of

Edinburgh and a Glasgow firm (16)

as well as both iron and wire
fencing from a variety of sources
(17). Quite large quantities
were purchased and improvements
evolved. This early wire was
mostly soft black bull wire,
though at least by 1857 galvan-
ized wire was available (18).

134

the 1860s with the need to
isolate their properties from
travelling or straying stock, or
even to go over to sheep. Chan-
ging to sheep usually meant
converting existing post and two
rail cattle fencing by adding
wire.

However, it should be emphasised
that until the 1860s, extensive
fencing of properties was the
exception rather than the rule.
The first boundary fence in the
Barrabool Hills of Victoria had
been erected by Williamson in

1854(20), and féncing gathered

momentum after the mid 1850s.

" In the Riverina, the change from

post and rail for cattle to post
and wire for sheep got underway
in the 1860s and intensified
during the 1870s and 80s.

During the period 1861 to 1891,
flocks increased from 1 to 13
million(21l) and six and seven

-wire fences became usual,

At the beginning of the period
a pastoral layout would
probably include the following
fencing;
.paled fence for homestead and
vegetable garden
.post and rail stockyard
.folds throughout the run for
each flock attended by a
shepherd - usually of a
temporary nature (brush or
hurdle) though sometimes of a
more permanent wooden construc-

. tion (fold at Wambo, Warkworth)

(Fig.}?):

3 .F

. Fig. 15 Sturdy fold fence at
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Wambo, NSW, with post and
top-rail holding heavy
split timber stakes,
Taken from photograph,
plate 4, Cox and Freeland,
Rude Timber Buildings,
London, T & H, 1969 ~

Fencing would be progressively
added to enclose:

.grass paddocks to conserve feed
for summer

.small horse paddocks to
facilitate catching the beasts
.cultivation paddocks

.stock paddocks to permit the
separation of bulls, stallions
and rams to permit selective
breeding.

At some stage, -a boundary fence

would be built,

An important consequence of the
completion of boundary fences
was the enclosure of stock-
routes, By the 1880s this had
created intense problems for
travelling stock in dry seasons
and virtually closed a number of’
routes (22). The process was
accelerated by a requirement
under the N.S.W. Crown Lands
Act 1884, for selectors to
enclose their land with a
- substantial fence within two
%ea§s of conditional purchase :
23). i

By the 1880s, rabbits spreading
north from Victoria had crossed
the Murray into the western ‘
Riverina and by 1886 had reached’
southern Queensland(24). This
resulted in the erection of
netting fences. The 1891 Act
(NSW) defined as rabbit proof,

a 'substantial fence hung with
galvanized-iron wire netting of
maximum mesh of 1 5/8 inches,
minimum width 36 inches, with
wire minimum gauge of 17.
furnished with suitable gates
(25). On Willurah Station such
netting cost L23 per mile and
was erected for E45 per mile.

Another development in wire
fencing was the introduction of
barbed wire during the 1880s,
The Tamworth Historical Society |
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Museum (NSW) has samples of 21
types of barbed wire mostly
found in the Tamworth area.

An interesting early sample is
that called 'Buckthorne'’

patented in the U.S.A. on July
26, 1881 and found on Bective ;
Station. It is a single wire
with a double flange or keel,
one of which is set with regular !
cut-out points. The whole 1is
then twisted and the thorns

point every which way. The
effect is very much that of an
imitation of nature (Fig.16).

Flg. 16 ‘*Buckthorne® barbed w1re,
Patented in the U,.S.A,

July 26, 1881, Tamworth
Hlstorlcal Soc1ety Museum
display

By the turn of the century, the
N.S.W. Intelligence Department
noted (26) that the following
were the most common fences:
.for cattle - post and barbed
wire, though post and two rail
was still preferred if timber
was available
.for sheep - post and six wires,
the posts were spread 12 feet
and the wires stapled midway on
spreaders or battens.
The Department alsc noted the
continued use of:

. «pOst, top rail and 4 to 6 wires

.post, 2 rail and 2 to 4 wires
.Ccockatoo fencing

.chock and log fencing.

On the western Slopes and
Northern and Southern Tablelands,
the wire fences had an optional
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cladding of rabbit-proof
netting.

The almost complete abandonment
of rail fencing and the general
use of wire has made fencing a
much less dominant feature in
the twentieth century landscape.
As the new century progressed,
slim steel posts, high tensile
wire and the use of multiple
steel droppers have continued
the trend. Older fencing forms
are now used for ornamental
effect or in some cases to :
reinforce the historic signific-
ance of a remarkably intact
property.

knot

"bull-wire'

The

A Guide for Immigrants and
Settlers, Intelligence Dept,
N.8.W, 1906

] i
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RECENT MARITIME ARCHAEOLOGICAL INVESTIGATIONS IN N.S.W,

Michael Lorimer.

In the last year, a number of wreck sites have been investigated by
the authors under the auspices” of the Maritime Archaeological Association of
New South Wales. These are part of an ongoing programme of wreck inspection,
Two sites have been completed (Alexander Berry and Rose of Australia) and two
more are still in progress (Royal Shepherd and Catherine Adamson).

ROYAL SHEPHERD: (wrecked 13th July, 1890)
History

In 1853 Messrs. Blackwood and Gordon of Paisley on the Clyde in
Scotland built two ships for the Launceston and Melbourne Steam Navigation
Company for operations in Bass Strait. One of these was the Royal Shepherd
(0/Ne. 31714) and the other, the Black Swan (0/No. 32181).

The Royal Shepherd ran on the Launceston-Melbourne run averaging up to
48 hours, 1In 1865, the Tasmanian Steam Navigation Company took over the
Launceston~Melbourne Steam Navigation Company together with its ships including
the Royal Shepherd. Sometime between 1865 and 1876 she was sold to a nine man
syndicate trading in the Spencer's Gulf, In 1876 this syndicate became known as
the Spencer's Gulf Steamship Company Limited, This Company traded until 15th
December, 1882 when it amalgamated with the Adelaide Steamship Company: However,
the new Company could not keep all their ships in full employment and at wvarious
times in 1884 and 1885 instructed Eldred, a Sydney shipbroker, to sell the-Royal
Shepherd for § 2,800, He was only able to get £800 for her.  She was sold to
Joseph Mitchell who, on the 29th October, 1885, raised a £901.16.1 mortgage from
the Adelaide Steamship Company. This mortgage was discharged on the 1lth October,
1886. Prior to this in June, 1886, J. J. Cattanach trading as the Cattanach
Chemical Co. bought her and used her for carrying refuse and sewage from Sydney
to outside the Heads for dumping. Then, in August, Cattanach took out a £3,000
mortgapge from William Alexander Manning who immediately transferred the mortgage
to the Mercantile Bank of Sydney. The mortgage lapsed in October, 1889 'due to
unfortunate circumstances' as reported in the pressl, forcing the Mercantile
Bank to sell the Royal Shepherd of 31lst October to Charles George Warburton.
He used her in the coal trade until January, 1890 when she was sold to W. A, Firth.

Under Ehis ownership, she was used to bring coal from South Bulli and Bellambi to
Sydney4. ' .

The Wrecking

The Royal Shepherd was outbound from Sydney for South Bulli and
Bellambi on the on the 13th July, 1886, with the schooner Countess of Errol in
tow. Between 1llpm and 12 midnight, the crew sighted the steamer Hesketh approach-
ing. Shortly after the Hesketh struck the Royal Shepherd on the port side amidship:
The Royal Shepherd began to sink immediately so her crew went aboard the Hesketh
while the ships were locked together. Ten minutes later the Royal Shepherd sank3 .

Technical Details
s.s. Royal Shepherd : 76/1885 Sydney Register

previously
1/1865 Port Adelaide

139.9' x 19.8' x 10.5' engine room 31. 6'

Tonnage -
Underdeck tonnage deck 233.63
Poop ‘ : 35.64
elongation of poop , 61. 38
' ' ~ 358.61
Deductions (propeller space, and crew) : 104.03
' 226.58,
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Steam Screw built at Paisely, County of Renfrew in 1853 by Blackwood and Cordon.
1 deck and poop

2 masts, schooner rigged

square stern

iron clench built on iron framework

female bust head

two engines oscillating by Blackwood and Gordon

diameter of cylinders 38" h.p. 60 nominal

Speed 10 knots on 22 tons (coal} per day

Could carry up to 50 passengers

Significance of Vessel

The Royal Shepherd was a fairly typical small iron coaster of the middle
of the 19th century. She reliably served many owners in diverse places and
trades for nearly 40 years, descending from passenger and general cargo to _
tramping, cattle boat and garbage scow., Her last employment was as a collier -
a familiar story to aging ships overtaken by technology. 8he will provide much
information on mid~19th century marine engineering which is, as yet, poorly
undergtood as little in the way of plans, diagrams and records have survived,
especially of the smaller ships. Little archaeological work has been done on this
type of vessel, yet these vessels are almost as poorly documented as the 17th
century Dutch sailing vessels,

The Site

The gite lies in 27 metres of water off South Head Port Jackson, and as
such poses a number of technical problems. TFor reasons of safety, considering
that none of our divers are professional divers, we decided not to allow dives
which require decompression, so bottom time has been limited to 20 minutes per
diver per day. So far only 8 days have been spent diving,

The Royal Shepherd is lying on sand at an almost even keel. The length
of the site is 42 metres, however little is visible above the sand. At the
south end of the site is a winech which was originally near the bow. TFurther north
and working aft on the wreck is the boiler (box type), then there is a twin
oscillating engine with gearing to increase the number of revolutions. The prop-—
eller shaft plus propeller are; at. times, visible. Around the propeller there
are the stern and rudder posts. Remains of the hull can be seen from the stern
to the boiler. A small pump and other machinery lie to the port of the engine.
A hot well and large steam valve are to starboard.

Our work until now has been concentrated on recording the details of the
machinery as these are at risk from divers acquiring souvenirs. It is well known
and a popular dive spot. The isometric drawing has been produced from the
measurements so far made. Photographic recording is also under way but, due to the
wreck's location near the Heads, visibility is usually very poor -~ often less than
one metre®. So far, only the oilers and some details of the: boiler have been
photographed; we are waiting for a good day to produce a photomosaic.

In the near future, a more accurate ground plan will be produced in
preparation for the laying of a grid for recording artifacts which are appearing
from the sand.

CATHERINE ADAMSON: (wrecked 24th October, 1857)

History

She was a ship rigged clipper built in 1855 at Aberdeen for H. Adamson,
for use on the Britain-Australia runS.

Wrecking

At 9pm on 23rd October, 1857, she entered the Heads of Port Jackson with
Pilot Hawkes in control. Due to the strong S.W. breeze she had double reefed
topsails, courses jib and spinnaker. She made several tacks across the Heads.
But after going about on the port tack was struck by a heavy squall forcing the
crew to reef the mainsail and foresail, This tack had her heading for North Harbou
The wind began to moderate forcing the crew to reset the foresail to keep way on,
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howeaver, in the process the foresheet carried away. It was not possible to
set the mainsail so the ship had insufficient steerage and started to drift
rapidly to leeward. Both anchors were then dropped, all salls were clewed
up and furled. The crew, at this stage, thought the ship was safe. When
the steamer Williams under Captain Creagh entered the Heads, the Catherine
Adamson burnt blue lights and sent up rockets as signs of distress.

The Williams managed to get a hawser aboard the Catherine Adamson
twice but the first broke and the second had to be shipped. About 3am on
the 24th heavy rollers began to come from the Heads and the ship's stern swung
very close to the rocks. At approximately 3.30am the ship's keel hit the rocks
several times, The crew began to transfer passengers to the Williams. The
Captain of the Catherine Adamson then went aboard the Williams in the life beat.
Immediately after this, the boats were swamped and destroyed, leaving a number
of people aboard the Catherine Adamson. She soon went to pieces and 21 lives
were lost including passengers and the pilot6.

Salvage

Almost immediately salvaging began on the wreck. The cargo included
bales of cottons, woollens, worsteds, flannel, muslins, umbrellas, parasols,
hats, counterpanes, clothing, agricultural implements, machinery, 9,876 gallons
of rum, 4,376 gallons of brandy, 1,873 gallons of white wine, 74 barrels of bulk
beer’. Parts of the cargo and the ship were scattered throughout the bays of
Port Jackson. A number of people were prosecuted for failing to hand in articles
they had found. Divers were quick onto the scene and brawls developed between
competing divers, but eventually most of the cargo was salvaged. '

She was then forgotten until the mid 1960s when she appeared in the head-
lines again., Sometime in 1964, two local divers found the wreck and tried to
keep its location a secret. Then in May, 1965, Ben Cropp found the wreck and
he began to salvage the remains®. Since then, the Catherine Adamson has become
a popular dive spot among Sydney divers.

Siegnificance

The Catherine Adamson is an example of the type of ship which maintained
the lines of communication of the Colony with the centre of the Empire during the
gold rush period. In the 18508 sail still predominated on all international
Australian routes. The clippers were the prestige craft of the '50s carrying
both passengers and cargo. In the 1850s, the exports of England to Australia
quadrupled9 and the cargo of the Catherine Adamson is typical of the range of
goods being imported into New South Wales at the time. This typicality along
with its position near to Sydney which meant that it was at risk, decided us to
make an inspection to record what had been left after many years of gradual
destruction by both sea and man.

The Site

The site lies in water ranging from 2 metres to 20 metres off the
locality known as 0ld Man's Hat on North Head, Port Jackson. So far only two
dives have been made involving approximately 10 divers. The visibility is
usually no more than 4 metres with a continual strong surge buffetting the
divers. The bottom consists of large boulders with twisting gullies and holes.
There is no sign of the hull structure remaining and on the scale Muckelroy
developed for wreck sites in British waters, based on topography (% of bottom
sedimentary deposits), deposit {(range of sediments), slope (average over the
whole site), sea horizon (sector of open water for 10+ km.) and fetch (maximun
offshore distance),l0 the Catherine Adamson would be a Class 4 site in a scale
of 1 to 5. Class 4 1s described as more than 10% of bottom being sedimentary
deposits; range of sediments being boulders to sand. Slope average being less
than 8% (this is not strictly correct in the Catherine Adamson as the slope
becomes quite steep at approximately 10 metres), the sea horizonm ie. the sector
of open water for 10+ km, being more than 300 and the fetch or offshore maximum
distance more than 250km.
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A sketch plan has been made and is continually being added to as the
bottom sediments move., In the conditions prevailing it is practically
impossible to make an accurate survey of the area nor is it at present
warranted,l Artifacts are found in holes, sand catchment areas and in any
place where the surge is minimised by the shape of boulders.

The major problem with the site is that, not only the Catherine Adamson
was wrecked in the area but that a number of other ships have been wrecked in
the general region, for example the Annie, a 470 ton barge on 29th June, 1858;
the Emily Horst, a sailing vessel on 12th October, 1861; the William Hill, a
109 ton brig on 28th November, 1865, and the Julia, a 60 ton schoomer on
11th August, 1873, None of these wrecks has been located and the possibility
exists that part, at least, of theiy remains are mixed in with those of the
Catherine Adamson,

Future work will comsist of more mapping, limited artifact recovery and
more attempts at photography. Unfortunately, conditions so far have not been
conducive to successful photography. The only significant artifact recovered so
far is a sheet of Muntz metal, Muntz metal was a patent alloy developed for
sheathing wooden hulls to protect them from the various marine organisms, such
as toredo, which attack wood, This piece has regular nail/tack holes showing how
it was attached to the hull, Lloyd's register for 1856 indicates that the
Catherine Adamson was sheathed in yellow metal, i.e. Muntz metal on top of felt,
Other artifacts recovered have been wine glass bases, nails and tacks,
Significantly, glass is not very common on the site, It is worth quoting a news-—
paper report of 25th May, 1965, describing what Ben Cropp found when he started
diving on this site, ‘They swam around the wreck for hours and recovered pewter
mugs, coins, a sextant, a cannon, brass bells, cutlery and broken pottery'.

After 15 years of diving on the site it is a very different story.

ROSE OF AUSTRALIA: (wrecked 22nd January, 1874)

Historz

The Rose of Australia was a wooden brig of 261.72 tons 98.9' x 26.2' x
16.2' built at Gateshead, County Durham, England in 1862. She was first
registered in Australia in 1864 at Newcastle, N,S.W. when her owner was
William O'Hagen, master mariner; in July, 1864 he took as a partner R.R.S.
Bowker of Newcastle. Then in June, 1867 William O'Hagen sold 16 of his 32
shares to James Munro. Bowker bought Munro's 16 shares in February, 1868.
The final share arrangement was reached in March, 1869 when Charles B.
Desborough has 21 shares and R.R.S. Bowker 43,13 Charles Desborough was the
master of the vessel when she was wrecked and a George Desborough (relationship
not traced -~ brother?) was Second Mate, The Rose of Australia made a number of

trips between Melbourne, Sydney and Newcastle and prior to the wreck had been
to Foo Chow,l4

The Wrecking

She was sailing from Melbourne to Sydney in ballast, leaving Melbourne on
15th January, 1874. The last land they saw was, according to the Master, Point
Perpendicular. This was on 2lst January, 1874. On being asked why they had been
wrecked in Wreck Bay some 9 miles south of Point Perpendicular the Second Mate,
George Desborough, blamed a particularly strong current which took them south
vhilst the ship was sailing north at 7 knots.l

On the 22nd there was a strong gale from the SS5W with short squalls -
'thick dark, rainy weather' .1® The Second Mate was on watch when the crew reported
land ahead but he thought it was cloud., Later he changed his mind and called the
Captain who came on deck. Captain Desborough was also not certain whether it was
land or cloud and gave the order to wear ship. Unfortunately he picked the wrong
tack and almost immediately she went ashore. Erik Olsen was at the helm at the

time of wrecking and states that the officers did not know where they were when
she went ashore.l’/ No one was killed as everyone got ashore By a plank, The
vessel was insured for § 2,600 with the Sydney Marine Office.l
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A letter written by the local Sub-Collector of Customs reports that
the crew was beginning to salvage gear.

Significance

The Rose of Australia is typical of the craft which made up the bulk
of the coastal fleets which ran between the capital cities of the Australian
Colonies. As the history of this vessel shows these craft would also make
the oecasional run to ports throughout the Pacific. They were the general
workhorses of the internal maritime trade of Eastern Australia.

The Site

In February, 1980 the site was located by the authors using directions
from a letter concerned with the Marine Board of Inquiry and information from
a local abalone fisherman.

The wreckage lies in a shallow gully beside a small island and is
strewn in general East—West direction. Nothing indicating bow or stern has
been found but working from the wreck reports it is assumed that the bow is
in the east. The gully is rock with a covering of natural stones mixed with
small, smooth pebbles used as ballast and shellgrit. ZIron knees and other
pieces of iron lie over the area, pieces of copper sheath, nails, washers

and small fragments of wood and pottery were also found in the sediment
overlay.

The absence of fittings, anchors, rudder pintles and gudgeons
suggests that the wreck was dismantled after going ashore as it would have
been easily accessible in calm weather.

At Easter 1980 a site plan was produced and photographs of all the
iron fittings were taken (see diagram). Although the site would classify as
Class 2 on Muckelroy's scale from envirommental attributes, it is very
disappointing from an archaeological point of view. It has clearly been
very thoroughly salvaged.

ALEXANDER BERRY: (wrecked lst June, 1901)

History

The Alexander Berry (0/No. 69740) was a steam drogher built in 1873
at Pyrmont by James Bower & Co. for the Illawarra Steam Navigation Company.
She was named for a director of the company who had died in 1870. She was
42.36 net tons, 80.6" x 15.4'" x 5.2" wood with an elliptic stern, billet
head, two masts, schooner rigged. The engines were two direct acting high
pressure cylinders with diameters of 9 inches and a stroke of 10 inches with
a rating of 20 h.p. James Bower not only fitted the engines but built them,
She was used on the . Shoalhaven River running f£rom Nowra to Greenwell Point.
A late photograph (date unknown) taken at Nowra Wharf shows that she was at
some stage cut down from a schooner. 2 1t also shows her function very well.
The main vessels of the I.S.N. Co. would unload at Nowra either onto the
wharf or directly onto the droghers which would then distribute the cargo up
the river., They were not intended for coastal work although they would often
be forced to make coastal passages from ome river to another, She remained
in this company's hands right up to her wrecking in 1901, 1In 1898 she had
had some.é?OO spent on making her seaworthy.23

20

The Wrecking

She left Shoalhaven on the 30th June, 1901 for Merimbula. Heavy
weather forced her to take shelter at Abraham's Bosom about eight miles
south of Gerringong. There she anchored but at half past nine the anchor
cable parted and the gale drove her out to sea. At midnight the rudder head
broke leaving the vessel without steerage. The crew used the booms from the
mast in an attempt to steer her by dragging them astern, however this
failed. The seas were continually sweeping the vessel, carrying away anything
loose. She eventually drifted onto the rocks at the extreme end of Long (or
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Bass) Point. BShe seas lifted her clean over the rocks and deposited her in
a small bay on the other side of the Point where she went to pieces and sank.,
There were only five men on board, namely Captain Marshall, the engineer

Mr A.J. Bartlett, the fireman Mr Walter Pearce and two able seamen Mr John
Pratt and Mr John Jansen. Only Mr Pratt survived.

The Site

The wreck was discovered by two local divers Mr Ludvic Lieske and
Mr Ray Pike. After seeing a poster advertising the Maritime Archaeological
Association of N.S5.W. they contacted John Riley requesting information as to
what they should do with the wreck. So on 12th April 1980 a group of divers
from the Association went to Wollongong to investigate the wreck and advise
the finders as to correct procedures. The finders had already raised the
propeller, stern tube and the bronze shoe of the stern of the keel. The
site is lying in 23 metres of water off the North side of Bass Point. The
bottom is rock over which there is a continually moving shell grit, sand and
pebble sediment. During the four dives made at the site, on only the first
was there sufficient exposed to record any details of the engine boiler and
winch.

From the sketch plan it is clear that the hull had broken apart before
gsettling on the bottom. It would appear that the vessel struck the rock
cliff to the west of the site before being carried over the first rocks she
had struck and then broke up scattering the machinery and fittings in a
disjointed pattern.

The Artifacts

There are a number of significant artifacts, some of which have been
raised, others are still in situ. These show the type and standard of
machinery fitted to the river droghers. The boiler is oval with a single
stoke hole. The engine has twin high pressure cylinders of 9" diameter
(note the specifications of the register list 9" eylinders - a good
identification feature.) The propeller and stern gland plus shaft is
9.1'" long and shows a very rough and ready design typical of the small local
engineering workshops. Note in particular the unsophisticated design of the
propeller. Also raised was a bronze shoe 3.8' long which fitted around the
stern end of the keel. The purpose of this was to protect the propeller
blades when the vessel grounded - a frequent occurrence with the river
droghers. On a later dive fitting 'A' was raised. This was found on the
first inspection dive and was at risk., Its function is provisionally
suggested as a pivot shoe for a derrick or crane.

No. further work is intended for this site at present.. It is quite
important as one of the best examples of river droghers machinery known and
as such should be protected. Fortunately the finders took a very responsible
attitude to this wreck and so prevented an archaeological disaster so common
in diving history e.g. the Dunbar.

Conclusions

The preceding reports show a large part of the range of material
available along the New South Wales coast. The Maritime Archaeological
Association intends continuing this programme. Expeditions are planned to the
Maitland wrecked at Maitland Bay, the Wauhope II at Port Stephems. It will
also respond to any reports of wrecks and requests for advice.

As yet no intact wooden hulls have been inspected but it is anticipated
that in the near future two sites will be recorded. These sites show the
value of wreck inspection which is the most fruitful area of research for
bodies with little or ne funding. It also has great value in extending
diver's recording skills.
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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
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2 ...0¢e furpace
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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.

\

163



First published Volume 12 No.l, March, 1982.

References.

Blainey, G. (1964) The rush that never ended.

Hopkins, D.W.G. (1971) Bulletin 5 (1) 6. Historical Metal-
lurgy group.

Linge. G.R. (1979) Industrial Awakening.
Tylecote, R.F. (1976) A History of Metallurgy.

164



