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Preface 

The inten t of this research is to investigate the 

technical achievements of ancient man regarding his ability 

to manipulate copper and bronze a The research begins with 

the discovery of native copper ore in prehistoric times in 

the Nea- Eas t a.nd. continues t h rough the more a.dva.nced arts 

of metal working in Egypt ~ 



I . Disc overy of Na tive Copper Ore 

first e..rIC\.reness of :·net a1lic copper , wherever it took pl:1ce 

i~ the an c ient world , was an acciden t a l one , a nd t hat i t 

occu:-cred aroun d uhere pieces of copper ore 7ere used a.s 

ston es to enclose the fir e , and were thus re duced by the 

.!:' 1 1 ~ ·1 -1-1 Cl 4- 1 t 1 ° .L l. e __ n 1.d v_l e hec, v 0 The lunp of metal produc ed fortui -

tously in t his manner would quickly at tract the a tten tion 

of anc ien t man simpl y by j_ts l us ter . 

I n t l1e ;Jegj_nnin(; t t1ese lumps of copper were used 

almost exclusi vely for personal ado r nmen t. Copper nugeets 

were 1ooked on c.rn special nstones" due to t heir beauty 

and po ssessed little practical va lue j_n co r11parison t o the 

other s tones 2an used in the manu f a cture of tools such 

a s fl~nt a Wh en ancient man a ttempted to fashion a tool 

out of. copper (circa 6500 BoCo) , he was undoubtedly sur-

prised to leci.rn that it did no t chip like flint . He als o 

discovered L 1a.t copper was rna.lleable and became harder 

uno.er repee.t ed hm.'lmeri::-ig . These f ac ts that ancien t 1;1an 

h ad acquired along wi th the ~rnowledge of the fire , in 

vrhich he first discovered the copper nugge ts , se t the 

stage for t he manipulation and casting of copper ~ 

IIa First Uses of Copper 

It is assumed that the a n cient Mesopotamian region 

o f t he "\1iddle East Nas t h e birthplace of meta.l casting a 

"Through the use of the radioactive- carbon da.ting process , 

it has been established t hat t he cast co pper frog found 
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j_t. t11e oldest ;.{_norm c a sting j_n exis tence toda y ., Eovieve r , 

? ig . 1. Ca st Co pper Fro ~ , Ur , 3200 B. C., 
Shi1pso:~1 , Etstcr;z of the :,·=e t a lc asting I ndustry , 
p . 13 . 

long 1:iefore man vr0.s c 2.pab1e of melting an.d c as tin s n e t f'.l , 

h e oc c upied h j mself v1i t h t lle hamr11erin0 of the coppe r m .. g-

~ets into to ols , v.r ea11ons , and t h in s irne ts to ~1 e u sed f o r 

enbossj_n[; . As pr 2.cti.csJ_ ]:.nowledge slowly i u i:n-- oved e.nd nerr 

tools ~ere i nven ted , s ki lls in c11tting , perforatine and 

engraving were a lso a cquired . 
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At an e <).rly s tage ·:rlan e n r)J. oye d t h e heat f rom h i s 

fire to s o ften the hat~1mered me t a l s r:wJdng t h eri easier 

to man i pula te o Ee s l ov:ly learne d r hen to hamme r ancl vrhen 

to ann e a l , 1.·1hen no t to hammer and VJhen not to a rm.eal 0 Ee 

a lso discovered t hat t hin sheets of copper c ould b e 

joj_ned. to one a n ot h er t h rough the process of hammer 

v:elding o "To effect the union of t wo copper sheets t hrough 

ha mmer v:elding , the area s to be fused must be hea ted . The 

heat f or both a nn e a l:Lng e.nd ha ;nmer welding 9 vras probably 

provided by domestic fires whj_ch di ffered in no way fro rn 
7, 

those then used in cooking . ,,.... • 

"Th ough fe w in number , relics of ha.1.~Fnered native 

copper , some going back possibly a s f a r as 6000 B. C., 

have been unea rthed at numerous sites over an area which 

inc ludes present day Iran , I r aq , Syria , Saudia Arabia , 

Palestine and Egypt " ,,Lt. It is theorized t hat the scarcity 

of hammered copper relics dat ing back past 3000 B 0 C0 is 

due not only t o the deterioration of these relics by 

time and the elements , but more i mportantly to the fac t 

that once ancient man vrn.s capable of casting metal , he 

melted his old tools and artifacts o f hammered copper 

and reshaped them by his new :metallurgical method " The 

hammered copper articles that have wi thstood the test 

of t j_n1e are predomina tely religious icons or e mbossed 

reliefs depicting historic a l events o 

An excellent example of true r'.1etal engrav·ing C°'-1'1 

be found ~in the Bronze G8-tes of ShaJ.maneser III ( 9 thcentu r y 

B . C .• ) from Balawat o Each -scene in the gates depicts the 
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~d_ nc~~' v:Lc t or :Le s ove r v 2:.r ious en e mie s . "Th e s cenes a re 

.:1.rra n 0e d in bands only f j_ ve j_n ches b i gll , fir s t engr a ved 

et.!.1 d then e !.'nbossed by lw.rnrr.e ri.ng frorn behind"5. (Fig ,. 2) ., 

?ig . 2 Det0d .l of 3rmrn e Ga te s o f Sha~.rnaneser III , 
Bal awat , 9~0 B., C,. 
Savage , Concise Historv of Bronzes , p~5 . 

The strips were once used to sheath the wooden framework 

of a pair of monumental ~Qtes from Balawat near Mosul 

~n present day Iraq . Forged copper nails were used to 

f a sten the strips to the wooden framework . 

A rna gnifj_cent example of early Summeria.n mets.1-

work is depicted in the I mdu r;ud a nd T ·10 s+-.-, r s ·'-"' v o.L? 



5 

I I 'l /mr/,1,.,,t/ nnA r., .,. <'1 ... .. r ... _ 

F'i:: . 3 I :rdu5u d and Two Sto}~S fro m Al Ubaid ,ce .• 2500 3 . C ~ 
F rci.n~dort-Ashrnole , A: t of t he nncj_en t ;_~ror1d , p . 100

0 

da ted in t h e Early Dynastic perioa (3000- 2550 B. C.). The 

110.nel was built u p fro r:i. c opper sheets rai sed and ha~Enered 

into shape , ',~.:i t h 2nany of the sections hammer-vreJ_ded t o-

~e ther a "The copper pane}_ .·ras th(~n nailed over a wooden 
/" 

core t ha.t V!e.s coa ted wi t h a t hick layer of bj_tumen . n° a 

( Bi tume:n ·is B.sphal t found in a nat ural sta.te a nd was 

abunda~1 t in t h e ancient Ifoci.r East .) At J..' • J.. t- i1l8 s vage t he 

metal would 1ave been heated , so that the bi t umen would 

flov: closely a._sai nst it to form a support for the Petal 

durins the fi nal surface encraving and chasing . The 

I ffidu zud was unearthed a t excavations at Al Ubaid , near 

the ancient city of Ur , in 1919 . It is presently housed 

i n t~e British I·iuseum in I1 ondon , England . 

The life- sized statue of the Egyptian King , Pe ni I , 

( Fig ~ 4) , of t he Sixth Dynasty (2400 B. C.), was a lso 
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:L2shionRd out of cheet copper , the tech11iq:1e e 1:·t11loyed 

being sin1i l ic::..r to that e mployed in the construc t ion of 

t he I mr-:i 1cy.d men ti on ed earlj_er o 11 The fi_sure vms built up 

of sheets of copper wrough t by the hammer . Rails seen 

on the top edge of the for ehead sugges t t hat this was 

Fig . 4 , St a t ue o f Peni I , Dynas ty VI,( ca . 2410 BoC.), 
Savage , A Conc~se History of 3ronzes , P o1 0 . 

fastened t o the wooden core before t h e missing portion 
'7 

vvhich fo r med t he top of the head w0.s fj_x:ed to t he c o re . 11 1 0 

Lj_ke the I rndurrud , the c o pper sheets v.re re heate . , along 

wi th the bitumen coating , over a fire prior to the final 

engraving and chasing . 
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='1j_re 1-::.o.c I)le.ye-._ 2J1 :i_uportant r ole , no t only 

in the c_iscovery of nati. vc copper 01 e , but a lso in the 

i:1anipulr?. b_on , shs..pj _n~ , anc3 hea tins of copper in t he forge o 

It 1::0.0 tir:-:e for .:u1cien t nan to employ the J :.:no~·:ledge he 

had acci ~Jj_red concernj_ng fire and COlJ:per t o develop the 

casting pr ocess o 

As th8 dates of t he examples used in this section 

suggest , even after t he developnen t of the castin~ pro-

ccss around 3400 D. C ~, the a r t s o f forgi.ng cu1d ern.bossing 

were still pr 2.c tj_c ed extensively i:n the ancient norld . 

III . Pncient Furnace Developmen t 

To pToduc e a casting in the ancient wor l d , t h e 

first step in t he procedure was to smelt t he native 

copper ore ~ SmeltinG the ore separates t he pure metal 

fro m minerals and other i mpurities . Once the pure meta_l 

had been isolated , it "could then be heated acain to a 

liquid s t &te , then poured or t apped into the mold , re-

sulting in the desired s hape o The pri mary obs t acle f or 

ancien t man to s ur mount was attaining sufficiently high 

temperatures required for bo t h s mel ting and pouring ~ 

Since the open co.::npfire is not capable of a ttaj_n-

ing temper a t ures in excess of 700°c , t echnological 

a chievements were inevitable in order to achieve 1085° . 
' 

the temperature at which copper melts . The first of 

these achievements was to harness t he wind . Ee.rly furnace s 

were simply campfires modified to facilita te the use 



8 

-i --- - 1.l .L) .J... . 

·. 1en t .. ry f l.' 1 e.c , the iles 0 · Gi l, 

tr~Lches J , A j _ r ,. ,~ t o t hei11 and 1 i ns i t l e .:;ener(Al 
'-' ·-.., 

~ 

d -! .ct · n of t , evei . . i .1 ~.-ii ·1 d .~ , " 
_) 0 

t~E-=tt t ~l. ·orcc - ,, 
~ 

o:l t· e v: r-d woul be d ..: r cted l _,_o n the bur·1i nt:; f uel or 

s oopi i s a '""'18 lJ ow hol. c: t h Po.r th · n i ning 

tt depres~ · on ~i t
1 

c~ay and s tra 1 pan whicl t ne re , 

1 en :, ~ 1 e f u e '.. , v: 1 1 d be l1 _ ::i. (; e d • 1is c _pl et _, 1_-- seci.1c;d 

t A _,,1 r_:jo .n1ent (-,lround t ~ e or i-;_:_ th t h e exc ' )t:i_oi_ o f 

a ·'.:) 11 
(°A ·- 1_ 

1 , G 

s it~d o Suet 8. p i r:. " t-i ..c>- ;· ·-,rce (.,, . ,,. C: '\ ·:r-s ·c.c n,... .l...ru· J. IA . 11C '-' . :_) ) '·''' ._ ~ J b v -

ted by Pro fess r 3owlaiL for experi rren t .'.:'1 urpo-·es 

l_ t 'ie .· to r · es C) t he yal Schoo l o 1' ir- • J_ 

~-ilnes 8.'"' 
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Lond 011 , Engl c-u1 _ i n 19 1? o TT This tiny furnace ·\\1a_s used quite 

succ e ss fully f or t he smelti~ ~ o f coppe r ~n rt tin o~es t o 
0, 

prod"Jc(:; bron z e , usi •.1[; che.r c oaJ_ as t he fuel o 11 ~ · 0 

~-;ien t hon_;h th 2se f' _rnaces ")1:.J y ha.v e been s uccessful , 

::-.n cj_ en t r11e:1.:i1 strov e to j_ u prove t h em 2.n d to Llc}_ ~rn hi s j ob 

easi er a 3i nce t he ceramic ar t s we r e quite a dvanced , i t 

1edc0 acquir~d i n ~ :i l n. buildin e; t o t he construction o f 

a no n- ferr ous furnac e ( F~~ . G). This ne ~ ! f u r nace con-

sisted of 2 .. n upri;h t shell , usually a hol l oi,v lo g , lined 

with cla y and ~as cl 2rged with a lternating l ay ers o f 

copper ore a n d c h2:1.rcaal . Sallow v10od or cle..y -blonrii pes , 

l-;:no vro as ' t nyeres ' were i n.traduced j_nto t he furne_ce a t 

the b a se of the ho llow upris~t shell a t t h e leve l of the 

fir ebox o " 1 O • At t he o:rposh~s end of these b lovrpi pe s i.'re re 

t h e firs t crud e bellows , These bellows consis t ed of a 

circula.r box covered v.ri t h a n ani mal skin , ni th a s rnal J. 

ho l e cut in t he c en t er of t he s k j_n Q The s kin vv2.s t h en 

tie~ to a springy u prigh t pole . Th e oper ator stepped 

on each bellons in t ur n , covering the s ma ll h oles wi t h 

his heels , t Lus farcing th A air th 3. t nas j_nside t h e 'oe llows 

i nto t he f urnac e . ReJ.easing his foot a llowed t h e ai r to 

flow back in to the bellows , whicl we r e t~en snapped back 

t o t heir no r Eial positions by t he upright pol ·:Ls . J..l tcrnate 

treadi nt; on t h e bellov1s de livered a r e la ti vely steady 

s trea m of air int o the furnace . n The bottom of t his 

' blast fnr :'l. 2.Ce ' '.'.ras opened by means of a t a.p· hole plugs;e d 
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in I s r ael , showed that reseed oxide ores were s s elted 

in ,s j_ ;~1 ili cT furne,;.cos v1itl1 a bellows dTaught . " 12 0 1J:'he 

fin e o~e \':s.s c.rps .. rently sprinl:led into the hot fL .. nace 

·::·11 e2'."'e -u~ ~::as reduced , t h e ;·:.et al sinking to the b ot t om 

to ?orT1 .:1 c0 .. h·e or Llgot rreighins ten to twen ty pounds " 

The sl2.s ( :Li"·ilJUri ti eH thci.t separate _ ro!J t h e ore G .. t high 

.L =i ··1 ~"""'er~ J_', r 0 c- ) \., l;j J. l. · -. - Cl \_, l ', \:;: L) f o:c:i1c d a layRJ.: above t h e i n_::o t , bnt :i..n 

:·1~any easer:; J_ t e.prea.rs t o have .,ueen te.pped off . 

It is believe ~ t hat this type o f furn a ce , wi th 

only slicJ1t alterations or modific a tions 7 was used t~rough-

out the e.nc:Len t reg:i .ons of :'~.;ypt and Hesopots..mia up t o 

11 00 B ~ C ., the dawning of the Iron A~e " 

IV " l·lolds and Mo ldmaJ:i.ing 

Vian ' s "G.1ov1lede;e of mo1ds and moldnaJ.dne undoubtedly 

besan sj_mul t~_neously v1i th his d~_sc overy of the melted 

copi)er nugge t s in t h e heart of his can1p f ire o Onc e the 

coals had c oo l Ad s11ffic ien tly for handling t he shiny· l umps 

of cop)er , ea rly n an realized that these nucsets retained 

t h e s hape i n positive form of the nega tive shape s where 

the n etal had b een deposj_ ted " '.lfi th thi s unders t anding , 

man was set to control the shape of the copper nugge t s 

by fabric a tinb his own oolds ~ 
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t~d_s ,.,:Pthod ','f0 1 J. l d h2.ve been o f very p oor qu&J j_ty vii t11 

J_ ~Lttle or no rJe t a11 . Unfo __ tun2. tely , r.io artic __ es h3ve 

1.;:j_ t hs t ood the pciss&£e of t=L :m e to corrob or~1te t his belief . 

The no lds of the :6ar ly 3rcm.ze _~_ge ( 3 500- 3000 B . Co) , 

nost ly rr1a.de for t he c&sting o f f1c:.t axes , .~rni f e blo.des 
~ 

e,.nd ot her pr=Lr · ~ :~- ti ve tooL) , v.rere _c:1 .. shi .oned fr01 :·1 stone o 

The ma jority of the stone uo lds produced in t his period 

f-3EJ.nd.s to:ne usins t he technique of ha.mrn.er dressins ~1.rith 

sone grinding to soiflewhe_t rPfine tlH~ surfci.ce of t11e c&v-

ity . " 1' ~>.ny mo l _s hD.d ca vi ties for t wo or more axeheads 

2-11.0. sor'le l1ad c a vi ties for c e. s t i ng re c tangula r bars and 

o ther 1 7 
, , :::i ,.... Tl .:J 0 8;lc. p 8o o 

11 0pen 11 st on R mo 1 d s re fe r to e. sing 1 e t e..b 1 et of 

,s t one wi t h a. negative im~1ressj_on carved into the face 

of the s t one . Th:Ls wonld i rnpl y t h a t the cas t i n::; was made 

by y;ourin;:; t he mo1 t en 1ne t al i n t o t his 2ingle cavi t y and 

.:i.llowing it t o freeze v.ri t h the top surf9.ce of t he r~1e t e_l 

to be j_n co:n t2ct vri t h t he a t rnos 1)here . Th is procec3-ure 

Reems to he unne cessarily wasteful sin ce a zood deal of 

the me t al would be lost through oxidat ion wi th the a t mo-

sphere and t he cooling rate would be ext reme l y rapid 

c ausing a crys t alization in t he s t ruc ture of t he me t al o 

nArche olo_sis t s pr esumE"; t ha_t these 11 open " rn olds would 
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hci.ve [:_ct iwlly been closec by ~'.18e.ns o f a. fle..t re!l101.-able 

--: over , f 0.bric a te rl_ out of tlJ.e .~a:ne t abnJ.e.r s?..ndstone as 
1L t 18 :·1ol d . " · • Th i e c over (?is . 7) v1as i1 l aced ove r t he 

cqvity befor e casting so as to leave a spacG a t one end 

:1.:1 t o \';- _i c ll t h e rno l ten metal c ould be introduced . • 

---- ----
---

i\n " one:n 1' _·u~ 9'r- 1 c:;Ev3. r.:o ld with ~vei ;i;h ted Co v e r , 
3.)00-)000 i:> 0 C0 , 

~ylecote , 1· ... Ietari.u r cy .i. n Arche0J.ogy , p , 111. 

nThe ar ticle was f5.rst cas t to o.:pproxino.tely its 

fi nished shape . ( i . e o an a xehead ), the c u tting edges being 

hammered ou t afterwards when t he me t al was completely 

cool , form:i.ng a he.r den ed s~·~in of copper on 1 s t he cur f a.ce o1' ..,,o 

This c on .1rns t he opj_nion o f a rc heologists I 1 .j-
"C !lo. v the hard-

nes s of the c u tting edges o f ancient copper D.nd b ronze 

~.mplementB rras cue solely to ham1;rnrins ., Through mi cro-

scopica l exeni nation of t hese Rx eheads and o t her si~iliar 
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rri t)ld :DI oc :.:=;s s ~:wu ld J.e n.ve t he ~xposed t op sur:fc:~ce unc.e-

hD.n _ fi t :i.shins of t_1is su.r f r-1 ce to uc~J ieve c onsiste :ncy 

1rnt\· .. reen it and t he i;1olo.ed sur f o.ce . The __ o_sic:;~J_ solution 

Hou1 d have be8n t o c onstr1 _ct a. mo J.d of t vrn p!:n·ts rti th 

rnatching C9.Vi t ies . 1'The 1-.1e.j ority of t he t wo pe.r t s t one 

molds o f t his p e_ iod 1·;ere rnade o f stea U . te ( soe.i)s t onP- ). n 1 G • 

Considering t he rel2.tive i.na _,cessj_ciJity of t j_s naterial 

i n the e..nc ien t \'..ror- lcl. , t .1is preferenc e m:rnt have been 

related ti its eood cas tins .si.n carvin6 pTo:per t ie.s . 

The c a.rvi11g c llarEJ.cterifltics of t h e s t one sel e cted would 

rl.e terri1ine t he ciuc:.lit:,r o:L t he f j_nished ca.sti.J.l. s o I n order 

to produc e a sreat .eal o f de t ail in t h e c a sting , 

the stone would r equire the char a c t eristics o f (1) non-

porosi ty t o insure a s mooth surface on t he cas t product 

P.nd ( 2 ) it rrould have t o ()e soft enou0 h to r.1iniritize 

the a moun t o f time spent c a r ving t he :ne gat ive shape in 

the mold surface . _._n a lyzatio:n o f t h e stone molds of t hi s 

period sugges t th~t t 1ey were c a rved with the tise of 

stone ch i sels a~d i mplemen ts . I n addition to stea tite , 

fine grade s andstone posesses t he proper char a cteristics 

f or molding e ither c opper or b ronze . Appar ently , any 

stone tha t may 1ave been selected f or molding would 

have to be a Jle t o withs t a nd the high tempe r a tures of t~e 

rnol ten me t B.l when it is )Ou r ed i n to the cavity Q Unlike 
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the sandstone molds of the Early Bronze Age , these molds 

wer e carefully faced and the cavi ty far more refined 0 A 

number of these t wo - part molds were also constructed of 

fired clay held toeether in t he proper position by means 

of short doviels . 

Diagram A (Fig . 8 ) depicts the t wo halves of a 

t wo- part mold wi th negative cavities and dowel holes . 

Diagram B depicts t he side view of the assembled mold 

~i th t he dowel s i n DOsition . At this point the mold is 

ready for the introduction of the molten metal . Diagram C 

repr esents the cast object Tii t h the pouring cup etached 

froq t he speo.r hee.n. o The p:1-astj_ci ty of clay r:.;. llowed ancient 

man to create deta iled molds for the ca sting of special-

ized tools , weapons , and s mall ornamental objects a 

Early castings of t his period were still solid , 

bu t with man ' s knowledge of hammering bronze to a hard- . 

ened state , the necessity of casting solid for the - purpose 

of strength would soon decline . Scarcity of ne tal also 

led man to the development of cored or hollow castings o 

The Aarliest hollow castings employed a core carved 

from t he se1ne stone as the mold to a general shape of 

t he desired cast object and substa.ntia1J.y smaller . This 

core was then suspended in t he cavity created hy t he t wo 

piece mold , leaving a reJ a tive1y unifor m space betv1een 

the core a.nd the mold ca.vi ty ~ 

The molten bronze er copper vras then ponred into 

th:i.s cavj_ty and after t he metal had cooled , the core 
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j_zed t hat ins te 2.d of .sus1Jenc. :i.nc the corA ·?:.s d iscussed 

e~_r l_j_ er ( ii'-i c 0 ) 
·- -- .__J ... 

t hP- cor e 1;.rE1.s dropped i n t o t i.1e ·'101d 

0 0 

0 0 0 

7 -i r. o ,.... -1-n ·n~ '" r. d 1 111· .Li_ '""' tJ r=.:-o '"'·n a., o' ,.... n -.... e c Q ...... '"O ~ 0 
..,. -'·c • ../ > 1') \, ~ . t:: 1··"'-' • . ·. _ . vll 1"") . ~J. -:; ;_\.. '- ' '·· 

1._, ..J.1• ' v . ~ C.OlJ .:::. • IJ • J 

:.,;l 8CCJ+- o ~ .!-:::i L ,., l l ·1Y"'l'V in .'1-,... n~" 80 1 n r~v n 1 .. t -:S l. ,) - - ... "-' '-' ' . ..:.\_, l .1 c. ._ 1_ -·.· -~du ...._ _ ...... - - '· '--' J ... .. ~- - ylJ J ~ o _,. o 

cc-;.vity a fter it had. been fill ed vrL th nol ten ;·ne ts.l . The 

rn ete.l displaced 1) y this me t hod would ha.ve been v1astod . 

In either c~se t h e resulting hollow castings would have 

been id en t ic ci.l . 

All o f the aforer:wY1tioned uo ldin6 yrocesses v.1ere 

pr a cticed thr oushout t~e reGions of the Ancient ~orlds of 

ca ~ 2400 B . C., for th e castinz o f t oo ls , weapons , a nd 

reJ_i_gj_ous icons ). At this 

toda y as the cire nerdu process of c as ting a I n modern 

time .s thi s pr ocess rei·Jaj_n.s in use j_n t he j e\'.!elry D.nd 



~rove men ts . 'In its sL·:1plest for ni ths cire ·'.1e :r·ctu process 

( also known as the lost wax technique ) may ~e employed 

for naking solid -::;c. ,stings , the r.0.odel l-)eing f a shioned in 

v .. '(1.x , D,cc ur2. te in shape and de t ail , coated i;rj_th t he mold-

ing substance , a nd afterwar ds embedded in sand , l oam ( a 

rich soil co nposert of clay , sand and organic matter) , or ........... ' 

othe r s:=_-tr1iliar ma ter-t a 2. s to cupport the rnold ~ The whole 

is t h en heated and the 
1 ,..., 

wax is burned ay1a.y . 11 f • Pt this 

i1oin t the mold i.s then r eady :for recei vj_n g the rn.o l ten 

i.1.e te.l o Once t he ~:'ts t o.l hc;.s cc o led completely , the Ir1old 

is broken away _e avi ng the cast object . 

This proc e ss ~as also used for hollow cas t ings 

with an enclosed core aA illustrated b y t . e Egyptian 

Cat ( ?ig . 10 / • The illustr ation de pie ts t he core r::od el-

led fro~ a mixture of sand a n d plaster with cor e pins 

e rJ1;edded . . , 
l Yl Gc"J.lO core (c ore pins were fashioned f rorn 

bronze and their purpose ~as to secure t he core in the 

ca.vi ty) Q The second figure (Fig 10 ) depicts the core 

covered with wax in the shape of t h e desired ob ject 

( note the protruding core pins ). The third f i gure ( Fig 10 ) 

de picts th e ob j ect t o be cast af ter tt has been e~hedded 

i n the dOlding subs t ance . Gates have b een left at the 

bo ttom to a llow t he wax t o run out while the mold is 

being heate . • Af ter t he wax has be en burne d ou t , t he mold 

is t urned up- side down and fill e d by means of t he eates 

wi t h molten copper or bronze , The molding subs t ance is 
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{f. 

Fis . 10 , ~~-ri. r;r~'-.1. Sh o 1 . . ' ~i.:r.r,~ the Stases of t he "Los t 
;_ ·: :;.x" .F:.ocess , 
~-:-:ron7:i G C0. t froi:1 :S rt vpt , Dyna.st~ ~VI I I, 1500 3 . C., 
Eodges , TGc hn.oJ.OGJ i n the Anc~:..ent ~·1orld , P o 150 o 

brok en off afte r t he r11e t a1 ho.s completely coo_ed result-

j_ng in the finished feline s c t.1.J.1Jture (Fie . 10 ). 

Th e Eear1_ o f an JJ.2<.::J~a ci. c:m R o..l er fro m ~ ·'. :L neveh , ( ca o 23L:-0-

2 180 B. C.), =ts belj_Aved to have be en created l\y- the ~ 

nerd u Bethod o f castinc ( Fig a 11)o Even tho~~h the arts 

o f engraving and chasi ng Tiere well e s t ablish ed , to exe cute 

t hic a.mount of carefully patter ne d text ure a fter the pj_ece 

lrn.d been cas t v10 ).ld hnve rec_;_nired ye0.rs of V!o r\. ~. c-md noul d 

not have been as prec i se ancl nniforrit a 



Fie . 11 ' 
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IIee_C._ of an Ak1 ~:.---1.dian Ruler , from J'~ineveh , 
-:=: ronr:·o c:::i ? ·'htJ- ? 1 }\'! ~ c -·-· __ , L,,'-' ) v-- e L J, - · _1_, - • 0 ) 

"}Toene rresen. - E' r-·anLfort , Art of t he _:l-'.1 ci ent 
':,'1) j_ ld ' p . 1 02 .• 

v. Solder~ng and ~elding 

.Ln :i_nsj_,s ten t i)roble r;1 for all anc ien.t netal v.ror}\_ers 

was the j o inin~ of sections of copper and bronze Q The 

sectioPs c ould be fastened Tiith pins , rivets or forged 

n . Q •• \·:llich rrere i~c1_eed commonly used a t Ur 

f or 0_ t t a chj_ng 
1 () 

1 
".'.:) ~ l -'- o oj C'l 0'_., " ' e Y'. n c ,. ( r.-·1 0' 1 ? ) o Y> -~ o r Cl. J.1c.-..l1C· __ 8 ~ 0. _CA..._:;,[J - -- -u 1J -- , ' J.. -1.. -· 

s heet ne t e.l 1.rnrk 2.s seen i n t he I ucucu _ ( Fig . 3 ) Q There Vff'.S 

also hamTier- 0eldi nz , but t his process could only be used 
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sucGes,sfnll ... ' i~.1 i.JJt:; joinj_nc o f extreme1~ thin sneets of 

copper or bronze ~ It is n.ot exactly ]:mmvn rrLen t hese 

rne t .uods were .sn11p1emen ted b y the more in th12.te 11 11ion 

oi1tain ed bv 
<.) 

.solderi ng o..nd we1din G, nc1a1J. c us of Chj_o s is 

regc;_rded ·by sorn e as t h8 i n ventor of s ol dei'"' i ns , or i.'J o.s 

0 pi)ri<'en ·'-lv co <:0 ·1 c:.,-i cJP.re hy .L
11e '"'nc~c. y1ts ,, 10 a ~c +-it :-i lly c ,,_ l: - ·- -- '-'- J a .., .I. <.J .I. . • _ _, _ Iv. , Ld ~ Cl~- J _c; _ .._ • ..._ .... L, ~ ~-- - · ' 

howeve r , t he arts of soldering and we lding ~ere b oth 

:rnll known before the time of Glaue us ,. vr:io lived 2.round 

the year 700 B aC . .. 

So lderin g :i_s t r.Le t.nion of trro pieces of metal by 

means of heat or f ::Lre and t h e use of a thir c~ r:1etal , rrhich 

:i_s -=- ~~novm e.s the so l der G I n ancient titr"1es a c opper s.lloy 

.i'!i th a h:i.gh t1n. con t en t we . .s used as the solder for c opper 

and bro~ze ohjects a A few spe c i mens o f soldered wor k ha ve 



'?,-J __ -e i,r-_'. 1;· ·~ c~ !..l· ,.:.1_ !'.:.> ::':_ , ~ 0, 2.) ( ~-: l·_ .: : • 1 -::;:: ) ! ! T 11 -;--:--, c:·') TI n 'l l \f Y> c . ·i C · ·~ ; r ; :1 <:::::: '-' ·f' y• 0 ·.-1·1 
- - ' '-- -~ '-' ~ ~' - - - .../ • .L -· v '- ~ . -- - ·l _,_ '·' - · . k..J l. - J - _ ,__, ·-- · - -·· ' . -

;-__~ i }_ SE"_, 1001 _. ~ ._ .. ' ~ran Dhich t he heartc ~1d .sh 0 l) J. r18 ::-' S 

7 
-::; 1·1e .. ,~G tc-.J_ '·"-' Or~;.L1; T;e thod of re1Jouss e, Their ~m e.els c:.ncl 

fj__::; . 13 , C oprn? ~'-' Va.se :;rL th .Solcle I' ed Oxen I-Ie .~3. d s , 
Sus~ , Persia , b8fore 1000 2.c., 
1Sj_rJ:e2."' , Eo1nyc-u"d c.i.nd Ha.ll , j_ 3:istory of 
~~~~n 0 l o~v n <so • . '-' .,, ---- · J_ __ ;:_ - .• ; ' l ' . '-' ~- • 

.Since t he e:1.llo y o i C: Of!lJe r c:i.nd ti_n. :nel ts 0 .t u.. loner tenr.i-

~ith no duma~e o ccurrin~ to t he shee t copper o f tl1e piece ~ 

~.' .' el dint; ~ _ s ::i.1 so e ff e c t e c1. with fir e , bu t ;y:i__ thou t the 

1;_se o:f a third ::,ietc:l.l . w~fe1ded. pj_e ces o f brori. Ze i.'Ihich dc:-.. te 

·be.ck to the ye;_u· 1490 B . C. Vi ere f ouncl aL1ong the exca v2.b_ons 
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t 1 " T.:evnt n2. 1 0 r1· C'l l ,.;ii ·L1 c· ·i· 11 a T 18 D8S ' ~ '-' .... .J.. • • v_V ____ CJ the ancient ~orlc , ho~ever , 

vms qui te di ff erent . t han t he ,_,rnlding t hat is pra.cticed 

today ., The t wo pieces of metc;.l to be j oi ned ·were actuc:.lly 

b~rned tose t her . A br onze s~ord broken a t the hilt might 

have been repa.ired i:1 t he a..n cient world by tlrn f ollm;ring 

process . "T118 sr~1i th fitted t he pieces toge t her and for1;1ed 

a mold oade of clay arounc the connection . He left a pass-

age all around the j oi nt , ,3_r1.d provided t he mold wi t h a. 

funnel- shaped lJou:. ins cup to e.llovr the introducU.on of 

t he molten m~tal . He t hen ~oured several pounds o f molten 

bronze into t he mol d . The metal flowed be t ween , and heat-

ed up , t he brok.en parts of the S\·/Ord , partially melting 

t hem t oce t her o"22 • After the metal had completely cool ed , 

the mold was broken away and any superfluous me t a l could 

t hen be cut away and chased . This method effected a sur-

prisingly strong union between relatively t hick pieces 

of cast bronze and copper . Lar ge sculptural pieces t hat 

1'.rere cas t in numerous sections mo.y well have been assembl ed 

using this method , though evidence to support t his has not 

been established ;J 

Soldering and welding a t no point replaced the more 

traditionaJ. me thods of j oining meta.ls , but merely a dded 

to t he .iversi ty of me t hods available ;J If a seaml es s piece 

was desired , then the methods of soldering or wel ding were 

employed , since the surface of this kind of union could 

be cha sed to match the cast sur a ce a On the other hand , 
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11or.revAr , rivet.in[ r:i.n d no.iJ.i.nc -.::e re:~ :)ften cos j_reci for a 

more docornti7e typ~ o I i1nion , po..rticu1e..r ly i n the a . ser·:- • 
b __ c.~-~ ~ o f sheet Jet0_ v.r orJ~ .• 

\.TI 0 S 1.J_rnuary 

I n ligh t of present day technology , rc Par dins t~e 

·:.mni 1~u __ e.tion e.n c1. c; c.:.stin.s of r:; 0t<:1l ,s , one mi~ht be c.i..:110.zed 

accom~lis 1etl i n spite of pi tifu ly i nadequate equipment 

a~d tech:nolocy s tj .lJ. :in :L ts i:n f a:.1c" • Out of t his infe.ncy , 

h ov.'ever , r:ere 1JOI' ~J. t 8c hn:Lc1ve s s o _ eliabJ.e ti.w. t tlrny o.r e 

tec hniques "- e en[jJ. a vine , r epo<J.ss\:: , the J.ost ·:rax process , 

and v1eldin.z . '.'u'i t h t h e exceptj_cn of }n.ore IJrecise and SIJecial-

iz,ed equipn~ent , the modern foundryman is &Ct"Lc.ally closely 

and surr-risin.gJ.y J..in}\ecl to t he :rast and the rnetal v1orl ers 

of the ancient wo~ltl a 
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