ART HISTORY PAPER

THE MANTPULATION OF COPPER AND BRONZE IN

AICTENT MESOPOTAMIA AND ZGYPT

Submitted by
Michael A, Molliconi

Department of Art

In partial fulfillment of the requirements

i~

‘or the Degree of Master of Fine Arts
Colorado State University
Fort Collins, Colorado

Spring 1979



The int

technical achi

Preface

ent of this research is to investigate the
evements of ancient man regarding his ability
copper and bronze, The research begins with
of native copper ore in prehistoric times in

and continues through the more advanced arts

ing in Egypt.



7 of MNative Copper Cre

"It is generally =2greed among experts that the
first eawareness of metallic copper, wherever it took plsce

in the ancient world, wes an accidental one, and that i

occurred around where pleces of copper ore were used as

tously in this manner would quickly attract the attention
of ancient man simply by its luster.

In the beginning these lumps of copper were used

almost exclusis adornment, Copper nuggetls
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were looked on as special "stones" due to their beauly

u

little practical value in comparison to

@

and possesse
other stones man used in the manufacture of tools such

]

as flint, When ancilent man attempted to fashion a tool
out of copper (circa 6500 B,C,), he was undoubtedly sur-
prised to learn that it did not chip like flint, He also
discovered that copper was malleable and became harder
under repeated hammering, These facts that ancient man
with the knowledge of the fire, in
which he first discovered the copper nuggets, set the

stage for the menipulation and casting of copper,
i1, Fir Uses of Copper
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med that the ancient lMesopotamien region
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of the Middle East was the birthplace of metal casting,
"Through the use of the radioactive-carbon dating process,

it has been established that the cast copper frog found
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Fig. 1. Cast Copper Frecg, Ur, 3200 B.C.,
Simpson, history of the Metalcasting Industry,
p. 13,

long vefore man was capable of melting

3%

he occupied

nimself with

and casting netal,

of the copper nug=

[

the hammering

gets into tools, weapons, and thin sheets to be used for

enbossing.

tools were inver

engraving wvere

As precticel !mowledge slowly improved and new

nted, skills in cutting, perforating and

also acquired,
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At an early stage man employed the
fire to soften the hammered metals naking
to manipulate, He slowly learned when to hawmer and when

s 1

to anneal, when not to hammer and when not tc anneal,
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2lso discovered that thin sheets of copper could be

joined to one another through the process of hammer

b

welding, "To effect the union of two copper sheets through
hammer welding, the areas to be fused must be heated., The
heat for both annealing and hammer welding, was probably
provided by domestic fires which differed in no way from
those then used in cooking.”z'

1

"Though few in number, relics of hammered native

copper, some going back possibly as far as 6000 B,C.,
have been uvnearthed at numerous sites over an area which

includes present day Iran, Iraq, Syria, Saudia Arabie,

e It is theorized that the scarcity

Palestine and Egypt."
of hammered copper relics dating back past 3000 B,C, is
due not only to the deterioration of these relics by
time and the elements, but mcore Iimportantly to the fact
that once ancient man was capable of casting metal, he
melted his o0ld tools and artifacts of hammered copper
and reshaped them by his new metallurgical methcecd, The
hammered copper articles that have withstood the test

of time are predominately religious iceons or embossed

0

reliefs depicting historical events,
An excellent example of true metal engraving can

ve found in the Bronze Gates of Shalmaneser ITIT (chcentury

B.C,) from Balawat, Zach scene in the gates depicts the



gs! victories ove
arranged in bands on
and then embossed by

o=

various cnen

r iies, "The scenes are
ly Tive inches high, first engraved
v
s 2 n - 1 P - S 2
hammering from behind!-* (Fig, 2),

Fig. 2 Detail of Brounze Gates of Shalmaneser IIIT,
Balawat, 950 E,C,
Savage, Concise Histcory of Bronzes, D.55.
The strips were once used to sheath the wooden framework
of a pair of wonuumental sotes from Balawat near Mosul
in present day Iraq., Forged copper nails were used to

fasten the strips to the wooden framework,
& magnificent examnle of early Summerian metal=
work is depicted in the Imdugud and Two Stags (Fig. 3)
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dated in the Tarly Dynastic pe

t up from copper
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into shape, with many of the se

zether,"The copper panel was then nailed over a wooden
G

& o "~ g el
core that was coated with a thick layer of bitumen,"

state and was
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was time for ancient men to employ the Itnowledge he

had acquired concerning fire and copper to develop the

BN

As the dates of the exemples used in this section

suggest, even after the development of the casting pro-
[
cess around 3400 B,C,, the arts of forging and embossing

were still precticed extensively in the ancient world,

.ent Furnace Development
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To produce a casting in the ancient world, the
first step in the procedure was to smelt the native
copper ore, Smelting the ore senarates the pure metal
from minerals and other impurities, Once the pure netal
had been isolated, it coculd then be heated again to a

1.

liquid state, then poured cr tapped into the wmold, re=

gy

sulting in the desired shape, The primary obstacle for

ancient man to surmount was attaining sufficiently high

1

tenmperatures required for both smelting and pouring,

Since the open campfire is not capable of attaine

: o) :
ng temperatures in excess of 700 ¢, technological

e

. . s . . =0
achievements were inevitable in order to achieve 1085 :

the temperature at which copper melts, The first of

these achievements was to harness the wind, Ferly furnaces

were simply campfires modified to facilitate the use



of directed air in order to promote cumbustion, This
was accomplished either by (1) "placing their rudi-
mentary furnaces on the sides o5f nills and cutting

trenches leading upn to them and lying in the Zeneral

Q
direction of the prevailing winds," °so that the force

A

of the winds would be directed upon the burning fuel or
by (2) scooping a shallow hole in the earth and lining

1 - |

he depression with clay and straw upon which the ore,

ct

il g

hen the fuel, would be placed, This completely sealed
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the environment aroun e ore with the exception of

a small opening through which 2 blowpipe could be in=
serted, Such a primitive furnesce (Fig. 5) was reconstruce-

ted by a Professor Gowland for experimental purposes

in the labvoritories of the Royal School of lMines at

Fig, 5,Gowlands Primitive Furnace, 1912,
Bllls, Conper and Copver Alloys, Dp.l4,

-




London, Enzland in 1912, "This tiny furnace was used gquite

A

tin ores to

T 39 S i
Lven tnoungn one

zncient man strove to improve

easier, Since the ceramic arts were quite a

would not be long before the ancients spplied the know=-
ledge acquired in liiln bullding to the construction of
2 non=ferrous furnace (Fig, &). This new furnace con=-

with clay and wes charged with slternating layers of
copper ore and charcoal, Hollow wood or clay blowpipes,

known as 'tuyeres' were introduced into the furneace at

L

the base of the hollow upright shell at the level of the

010

firebox, At the opposing end of these blowpipes were

.

the first crude bellows, These bellows consisted of a

circular box covered with an animal skin, with a small

on each bellows in turn, covering the small holes with

his heels, thus forcing the air that was inside the bellows
into the furnace, Releasing his foot allowed the air to
flow vack into the bellows, which were then snapped back

to their normal positions by the upright poles, Alternate
treading on the bellows delivered a relatively steady

the furnace, " The bottom of this

'blast furnace! was opened by means of a tap hole plugged



Frout clevation.

Side clevation,

Vertical section

|

Section of one of the bellow s showing
the action of the heel in depressing
the <kin and closing the opening in
its centre.,

M 6 Tl1lustration s ety T o -
DLl e Oy > LL 2N O an AN LY HN0Ne=HerrQils urnace
s SN Ap g surnace,

1 Tndyucet
ing Industry,n.1i,




by a clay reteainer, which was reroved when the operator

the ﬁOld.”11°

vas ready to pour or tar the metal into
"The remains recently found at the site of Solomons
liines near the Wadi Timna, twenty miles north of Eilath
in Israel, showed that dressed oxide cres were smelted
3 1=
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fine ore was apparently sprinkled into the hot furnace
1 & e meres e W s e ez e - P ] o &
wvhere 1t was reduced, the rnetal sinking to the bottom

shing ten to twenty pounds,

The sleg (iLmpurities that separate fron

temperatures) formed a layer above the ingot, but in
many cases it appears to have been tepped off,

only slight alterations or modifications, was used throughe
out the ancient regions of Tgypt and Mesopotamia up to
1100 B,C,, the dawmning of the Iron Age,
IV, Molds and Moldmaking
Man's mowledge of molds and moldmalking undoubtedly
began simultaneously with his discovery of the melted

copper nuggets in the heart of his campfire, Once the

coals had cocled sufficiently fcor handling the shiny lumps

of copper, early man realized that these nugzcets retained

the shape in positive form of the negative shapes where
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by fetricating his ovn molds,
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have actunally been closed by means of a flat removable

fabricated out of the same tabular sandstone as

14,

cover,

the nold." This cover (Figz., 7) was placed over the

cavity before casting so as to leave a space a2t one end

into which the mclten metal could be introduced,

head Mold with Weighted Cover,

Mg, 7, Ag "onen!t e &
3500~3000 5.C.,
Tyvlecote, Metallurgy in Archeology, p,.111,

"The article was first cast to approximately its
finished shape (i.e., an axehead), the cutting edges being
hammered out afterwards when the metal was completely
cool, forming a herdened slkin of copper con the surface."15°

This confirms the opinion of archeologists that the hard-
ness of the cutting edges of ancient copper and bronze
implements was duvue solely to hammering, Through micro=-

scopical exenination of these axeheads and cther similiar



artifacts, their mode of anufacture bhecomes clear, and
this procedure appears o have been continued in vogue
for the melring of copper and bronze tools and weapons of

a sinple nature for many centuries,

The 11iddle Dronze Age (3000-1800 B,C.) in the

¥
LR € R 5 3

¥iddle Fast evidenced the development of the true two

vert mold (Fiz, 8). An artifact cast by means of the open

Fig, 8, Two Part Clav Molds, Middle RBronze Age

o 7 % 2 )
€ca,2000~1000 5,.C.,
Tylecote, Metallurgy in Archeology, p.112.




15

mold process would leave the exposed top surfece unde-
sirable, hence, requiring o great dezl of grinding and
hand Tinishing of this surfece to achleve consistency
hetween it and the wolded surface, The lozical solution

would have besn to construct a mold of two parts with
matching cavities, "The majority of the two part stone
molds of this period were wmade of steatite (soapstone),”1
Considering ti

tive inaccessibility of this nmaterial

in the ancient world, this preference mist nave been
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and carving properties,

A

would

D
Q

The carving characteristics of the stone select

1.

determine the queality of the finished casting, In order

to produce a great deal of detail in the casting,

pY)

the stone would require the characteristics of (1) non-

| .

osity to insure a smooth surface on the cast product

H

po

‘

and (2) it would have to be soft enough to ninimize

the amount of time spent carving the negative shape in
the mold surface, Analyzation of the stone molds of this
period suggest hey were carved with the use of
stone chisels and implements, In addition to steatite,
fine grade sandstone posesses the proper characteristics
for molding ceither copper or bronze, Apparently, any
stone that may have been selected for wmolding would

have to be able to withstand the high temperatures of the

molten metal when it is poured into the cavity., Unlike

P\

Oe



the sandstone molds of the Farly Bronze Age, these molds

wvere carefully faced and the cavity far more refined, A
number of these two;part molds were also constructed of
fired clay held together in the proper position by means
of short dowels,

Diagram A (Fig.8) depicts the two halves of a
wo=part mold with negative cavities and dowel holes,

N

Diagram B depicts the side view of the assembled mold

with the dowels in pnosition, At this point the wmold is
ready for the introduction of the molten metal, Diagram C
represents the cast object with the pouring cup detached

Trom the spearhead, The nlas

jicity of clay allowed ancient
man to create detailed molds for the casting of special=
ized tools, weapons, and small ornamental objects,
Barly castings of this period were still solid,
but with man's knowledge of hammering bronze to a harde-.
ened state, the necessity of casting solid for the purpose
of strength would soon decline, Scarcity of metal also
led man to the development of cored or hollow castings,
The earliest hollow castings employed a core carved
from the same stcne as the mold to a general shape of
the desired cast object and substantially smaller, This
coré was then suspended in the cavity created by the two
plece wmold, leaving a relatively uniform space beltwveen
the core and the mold cavity,

The molten bronze cr copper was then poured into

this cavity and after the metal had cooled, the core
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was remnoved resulting in a nollow casting, It is theor-
of suswvending the core as discussed

ezrlier (Fig ©) +the core was dropped into the =0ld

Tig. 9, 3#0 WH fj sl Sugpend d “owe, ca, 2600 B.C.,
]PCOuv, gtellurey in Archeolozy, p.113,
cevity after it had bveen filled with molten wetsl, The

metal displaced by this method would have been wasted,

In either case the resulting hollow castings would have

All of the aforementiocned molding processes were
[
pra tfced throughout the regions of the Ancient worlds of

Mesopotania and Ezypt up to approximately the Sixth Dynasty,

For the castinzg of tools, weapons, and

e =}

ce, 2400 R,C

*2

.

small ornamsntal objects (i.e, religious icons), At this

by 3

time the Igyplian artisans originated what is referred to

today as the cire perdu process of casting, In modern

times this process remains in use in the Jjewelry and
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metal working trades with very Tew alterations or ii=

p]
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provements, "In its simplest form the cire

(also known as the lost wax technique) may be employed

Tor making so0lid castings, the model being fashioned in

)]

.

wax, accurate in shape and detall, coated with the mold

Process

ing substance, and afterwards embedded in sand, loam (a

rich soil composed of clay, sand and organic matter), or
—

other similiar materials to support the mold, The whole

is then heated and the wax is burned away. wl7e At this

noint the mold is then ready for recelving the molten

=

metal. Once the metal has ccoled completely, the mold

is broken away leaving the cast o

This process was also used for hollow castings
with an enclosed core as 1llustrated by the Egyptian
Cat (Fig, 10). The illustration depicts the core model-
led from a nmixture of sand and plaster with core nins

embedded in esid core (core pins were fashioned from
bronze and their purpose wvas to secure the core in the
cavity). The second figure (gig 10) depicts the core
covered with wax in the shape of the desired object
(note the protruding core pins)., The third figure (Fig

-

depicts the object to he cast after it has

joN

in the molding substance, Gates have been le

3 B

pottomn to allow the wax to run out while the mold is

ing heated, After the wax has been burned out, the mol

1.

is turned up-side down and filled by means of the gates

with molten copper or bdbronze, The molding substance is

-

a
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broken off after the metal has completely cooled resuli=-

ing in the eline sculpture (Fig, 10).

Tineveh, (ca,2340-

1ave been created hy the cire
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at Thebes, Igypt." ° Vielding in the ancient world, however,

wvas quite different. than the welding that is practiced

today, The two pieces of metal to be Jjoined were actually

3

bronze sword broken at the hilt might

.
=

burned together,
have been repsired in the ancient world by the following
process, "The smith fitted the pieces together and formed
a nold made of clay around the connection, He left a pass-
age all around the Joint, and provided the mold with a
funnel=shaped pouring cup to allow the introduction of

hen noured several pounds of molten

bronze into the mold, The metal flowed between, and heat-
ed up, the broken parts of the sword, partially melting

i 22
them together," —* After the metal had completely cocled,

the mold wes broken away and any superfluous metal could
then be cut away and chased, This method effected a sur-
prisingly strong union bvetween relatively thick pieces
of cast bronze and copper, Large sculptural pieces that
were cast in numerous sections may well have heen assembled
using this method, though evidence to support this has not
been established,

Soldering and welding at no point replaced the more
traditional methods of joining metals, but nmerely added
to the diversity of methods available, If a seamless piece
was desired, then the methods of soldering or welding were
enployed, since the surface of this kind of union could

be chased to match the cast surface. On the other hand,



nowever, riveling and nailing were often desired for a

more decorative iyps of union, particularly in the assen=

VI, Sumnary

In lisht of »nresent day technology, regcarding the
& [TV | b o

wanipulation 2nd cesting of metals, one mizht bhe amazed
»— N

at the achievemcnts of the ancients, with great works

accompnlished in spite of pitifully inadeguate equipment

vire

ized equipment, the modern foundryman is actually closely
and surrrisingly linked to the past and the metal workers

of th wcient world,

With the excepticn of more precise and special-
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