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Curved copper knife.  
Finely woven cloth has been 
wrapped around one end, 
possibly to make a handle or 
as a cap. Harappa. [After 
Figs. 7.5 Kenoyer, J.M., 
1998, Ancient Cities of the 
Indus Valley Civilization, 
OUP.] 
 

Large updraft kiln of the Harappan period 
(ca. 2400 BCE) found during excavations on 
Mound E Harappa, 1989 (After Fig. 8.8, 
Kenoyer, 2000) 
 
bharatiyo = a caster of metals; a brazier; bharatar, 
bharatal, bharatal. = moulded; an article made in a 
mould; bharata = casting metals in moulds; 
bharavum = to fill in; to put in; to pour into (G.lex.) bhart  = a mixed metal of copper and lead; 
bhart-i_ya_ = a barzier, worker in metal; bhat., bhra_s.t.ra = oven, furnace (Skt.) 
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Diacritical marks used 

 
The Kyoto-Harvard convention is NOT used since the intermingling of English words 
with Indian language words wll distort the representation of capital letters and is not 
easy to read.  
 
The standard diacritical marks are deployed but, instead of ligaturing them on top and 
bottom of the alphabet, the diacritical marks FOLLOW immediately after the vowel or 
consonant which is modified. For e.g., a_ connotes ‘long a’, n. connotes retroflex N. 
After the UNICODE is standardized, the next edition will display the modified codes 
for ease of representation on web pages on the internet. 
 
 
 

  
a     rut,at  
a_/ law 
a~_ long 
/a~ un- 
i it  
i_ bee 
i~_ been 
/i~ in 
u you 
u_/ ooze 
u~_ boon 
/u~ june 
… 

  
e bet 
e_ ate 
e~_ bane 
/e~ 
when,whey 
o obese 
o_ note 
o~_  
bone,one  
m. mum 
n: king 
n~      nyet 
h-/k- what 
c     change 
c. so 
 
 

  
d then  
d. dot 
l.  rivalry 
n. and  
n-   new 
r-  curl 
r.  rug 
r..  (zsh) 
s  fuse 
s.  shut 
s'  sugar 
t  both 
t.  too 
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List of languages and abbreviations 
 
The languages of the linguistic area and the 
abbreviations used are as follows: 
 
A.Assamese 
Ap.Apabhram.s'a 
Ash. Ashkun (As.ku~_--Kafiri) 
Aw. Awadhi_ 
B. Bengali (Ban:gla_) 
Bal. Balu_ci_ (Iranian) 
Bashg. Bashgali_ (Kafiri) 
BCE Before Common Era (BC) 
Bel. Belari 
Bhoj. Bhojpuri_ 
Bi. Biha_ri_ 
Br. Bra_hui_ 
Brj. Brajbha_s.a_ 
Bshk. Bashkari_k (Dardic) 
Bur.Burushaski 
CE Common Era (AD) 
Chil. Chili_s (Dardic) 
D.. D.uma_ki 
Dm. Dame~d.i_ (Kafiri-Dardic) 
G. Gujara_ti_ 
Ga. Gadba 
Garh.Gar.hwa_li_ 
Gau. Gauro (Dardic) 
Gaw.Gawar-Bati (Dardic) 
Gmb. Gambi_ri_ (Kafiri) 
Go. Gondi 
Gy. Gypsy or Romani 
H. Hindi_ 
Ir. Irul.a  
K. Ka_s'mi_ri_ 
Ka. Kannad.a 
Kaf. Kafiri 
Kal. Kalasha (Dardic) 
Kand. Kandia (Dardic) 
Kat.. Kat.a_rqala_ (Dardic) 
Kho. Khowa_r (Dardic) 
Khot. Khotanese (Iranian) 
Kmd. Ka_mdeshi (Kafiri) 
Ko. Kota 
Kod.. Kod.agu (Coorg) 
Koh. Kohista_ni_ (Dardic) 
Kol. Kolami 
Kon. Kon:kan.i_ 
Kond.a 
Kor. Koraga 
Kt. Kati or Katei (Kafiri) 
Ku. Kumauni_ 
Kui 
Kurub.Bet.t.a Kuruba 
Kur.Kur.ux (Oraon, Kurukh) 
Kuwi 
L. Lahnda_ 

M. Mara_t.hi_ 
Ma.Malayalam 
Mai.Maiya~_ (Dardic) 
Malt.Malto 
Ma_lw.Ma_lwa_i_ 
Mand.. Mand.a 
Marw.Ma_rwa_r.i_ 
Md.Maldivian dialect of Sinhalese 
MIA Middle Indo-Aryan 
Mj. Munji_ (Iranian) 
Mth. Maithili_ 
Mu. Mun.d.a_ri (Munda)  
N. Nepa_li 
Nahali 
Nin:g. Nin:gala_mi (Dardic) 
Nk. Naikr.i (dialect of Kolami = LSI, Bhili of Basim; 
Naiki of Chanda) 
OIA Old Indo-Aryan 
Or. Or.iya_ 
P. Punja_bi_ (Paja_bi_) 
Pa. Parji 
Pali  
Pah. Paha_r.i_ 
Pa_Ku. Pa_lu Kur-umba 
Pas'. Pas'ai (Dardic) 
Pe. Pengo 
Phal. Phalu_r.a (Dardic) 
Pkt. Prakrit 
S. Sindhi_ 
Sant. Santa_li_ (Mun.d.a_) 
Sh. Shina (S.in.a_.Dardic) 
Si. Sinhalese 
Sik. Sikalga_ri_ (Mixed Gypsy Language: LSI xi 167) 
Skt. Sanskrit 
Sv. Savi (Dardic) 
Ta.Tamil 
Te.Telugu 
Tir.Tira_hi_ (Dardic) 
To. Toda 
Tor.To_rwa_li_ (Dardic) 
Tu. Tulu 
U. Urdu 
Werch.Werchikwa_r or Wershikwa_r (Yasin dialect of 
Burushaski) 
Wg. Waigali_ or Wai-ala_ (Kafiri) 
Wkh. Wakhi (Iranian) 
Wot..Wot.apu_ri_ (language of Wot.apu_r and 
Kat.a_rqala_. Dardic) 
WPah. West Paha_r.i 
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Abbreviations used for  linguistic categories and other languages 
Languages, Epigraphs 
 
As'. As'okan inscriptions 
Austro-as. Austro-asiatic (cf. Munda) 
BHSkt. Buddhist Hybrid Sanskrit 
(Franklin Edgerton, Buddhist Hybrid 
Sanskrit Grammar and Dictionary, 
Newhaven, 1953) 
Dard. Dardic 
Dhp. Ga_ndha_ri or Northwest Prakrit (as 
recorded in the Dharmapada ed. J. 
Brough, Oxford 1962) 
Drav. Dravidian 
IA. Indo-aryan 
IE. Indo-european 
Ind. Indo-aryan of India proper excluding 
Kafiri and Dardic (as classified by R.L. 
Turner) 
KharI. Kharos.t.hi_ inscriptions; Middle 
Indo-aryan forms occurring in Corpus 
Inscriptionum Indicarum Vol. II Pt.I, 
Calcutta, 1929 MIA Middle Indo-aryan 
NiDoc. Language of 'Kharos.t.hi_ 
Inscriptions discovered by Sir Aurel Stein 
in Chinese Turkestan' edited by A.M. 
Boyer, E.J. Rapson, and E. Senart 
Ar.Arabic 
Aram.Aramaic 
Arm.Armenian 
Av. Avestan (Iranian) 
E. English 
Gk. Greek 
Goth. Gothic 
Ishk. Ishka_shmi_ (Iranian) 
Kurd. Kurdish (Iranian) 
Lat. Latin 
Lith.Lithuanian 
OHG. Old High German 
Orm. O_rmur.i_ (Iranian)  
OSlav. Old Slavonic 

etym. etymology 
expr.expression 
f./fem. feminine 
fig. figuratively 
fr. from  
fut. future 
gen. genitive 
hon. honorific 
id. idem (having the same meaning) 
imper.imperative 
incl. including 
inf.infinitive 
inj.injunctive 
inscr.inscription 
lex. lexicographical works or Kos'as 
lit. literature 
loc. locative 
m. masculine 
M Middle 
metath. metathesis (of) 
N North 
Na_ Na_ci Na_t.u usage 
Naut. Nautical 
nom.nominative 
nom.prop. nomen proprium (proper name) 
num.numeral(s) 
NWNorth-west 
O Old 
obl. oblique case 
onom.onomatopoeic 
p. page 
part. participle 
pass. passive 
perf. perfect 
perh. perhaps 
phonet.phonetically 
pl. plural 
pp. past participle (passive)  
pres. present 
pron. pronoun 
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Par. Para_ci_ (Iranian) 
Pahl. Pahlavi (Iranian) 
Pers. Persian (Iranian) 
Port. Portuguese 
Pr. Prasun (Kafiri) 
Psht. Pashto (Iranian) 
Tib. Tibetan 
Toch. Tocharian 
Turk. Turkish 
Yid. Yidgha (Iranian) 
 
Abbreviations : Grammatical 
 
* hypothetical 
< (is) derived from 
> (has) become 
? doubtful 
Xinfluenced by 
+ extended by 
~ parallel with 
acc.accusative 
adj. adjective 
adv. adverb 
aor. aorist 
caus. causative 
cent. century 
cf. confer (compare) 
cmpd.compound(ed) 
com. commentary, t.i_ka_ 
conj.conjunction 
dat. dative 
dist.fr.distinct from 
du. dual 
E East 
e.g. example 

Pudu. Pudukkottai usage 
redup. reduplicated 
ref. reference(s) 
S South 
sb./subst.substantive 
semant. semantically 
st. stem 
subj. subjunctive 
syn. synonym 
Tinn. Tinnevelly usage 
Tj. Tanjore usage 
usu. usual(ly) 
vais.n..vais.n.ava usage 
vb. verb 
viz. videlicet (namely) 
W West 
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Foreword 
 
I had written a foreword for Dr. Kalyanaraman’s work titled Sarasvati in 2000. As 
promised, he has now followed up this work with an additional seven volumes to 
complete the encyclopaedia on Sarasvati – the river, godess and civilization of 
Bha_rata. 
 
It is a privilege indeed to receive the seven volumes titled:  
 
Sarasvati: Civilization 
Sarasvati: R.gveda 
Sarasvati: River 
Sarasvati: Bharati 
Sarasvati: Technology 
Sarasvati: Language 
Sarasvati: Epigraphs 
 
This septet constitutes a fitting homage to Babasaheb (Uma_ka_nt kes’av) Apte, 
particularly in the wake of the centenary celebrations planned for 2003 in memory of 
this patriot who wanted a presentation of the history of Bha_rata from a Bha_rati_ya 
socio-cultural perspective. 
 
The dream of the late Padmashri Vakankar, archaeologist is also partly fulfilled with 
the delineation of the peoples’ lives over 5,000 years on the banks of the Rivers 
Sarasvati and Sindhu. 
 
The Sarasvati Nadi Shodh Prakalp which is headed by Dr. Kalyanaraman under the 
guidance of Shri Haribhau Vaze, All-India Organizing Secretary, Akhila Bharateeya 
Itihaasa Sankalana Yojana should be complimented for bringing to successful 
completion this important phase of writing of the history of ancient Bha_rata.   
 
The River Sarasvati has not only been established as ground-truth (bhu_mi satyam),  
but the vibrant civilization which was nurtured on the banks of this river has been 
exquisitely unraveled in the five volumes, covering virtually all aspects of the lives of 
the pitr.-s, many of whose a_s’rama-s are venerated even today in many parts of 
Bha_rata. 
 
The seven volumes provide a framework for understanding the writing system evolved 
ca. 5,300 years ago to record the possessions and items traded by metal- and fire-
workers, the bharata-s. The language spoken by the people is also becoming clearer, 
with the existence of a linguistic area on the banks of the two rivers – the substrata and 
ad-strata lexemes which seem to match the glyphs of inscribed objects are a testimony 
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to this discovery. This calls for a paradigm shift in the study of languages of Bha_rata 
with particular reference to the essential semantic unity of all the language families, 
thanks to intense socio-economic and cultural interactions across the length and breadth 
of Bha_rata. 
 
Hopefully, this work should generate many more research studies of this kind to further 
study the impact of the civilization on the cultural unity of the nation. 
 
It is also heartening to note that work has started to revive the Rivr Sarasvati and to 
interlink the rivers of the country. This will be a garland presented by the children of 
the country to Bha_rata Ma_ta_ setting up a network of about 40,000 kms. Of National 
Waterways which will complement the Railways system to further strengthen the 
infrastructure facilities and to provide a fillip to development projects in all sectors of 
the economy. 
 
I understand that Kalyanaraman is now embarking on a project to write the history of 
Dharma. I wish him all success in his endeavours.  
 
 
 
 
M.N. Pingley 
 
Kaliyugabda 5105. a_s.a_d.ha, Gurupurnima. July 13, 2003 CE 
.
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Publisher’s Note 
 
On behalf of Baba Saheb (Umakanta Keshav) Apte Smarak Samiti, it gives me great pleasure to publish 
the set of seven volumes of the encyclopaedic work of Dr. S. Kalyanaraman with over 4,000 illustrations 
and impressive documentation. 
 
Sarasvati: Civilization 
Sarasvati: R.gveda 
Sarasvati: River 
Sarasvati: Bharati 
Sarasvati: Technology 
Sarasvati: Language 
Sarasvati: Epigraphs 
 
This is a follow-up of the first work titled Sarasvati published in 2000 which focused on the River 
Sarasvati. These seven additional volumes focus on the language, writing system, technology – archaeo-
metallurgy, in particular, the lives of the people who lived between 3500 to 5300 years ago and the 
importance of this legacy and heritage on the history of Bha_rata. 
 
This compendium has been made possible by the contributions made by scientists and scholars of the 
country from a variety of disciplines, ranging from geology and glaciology to atomic research and 
language studies. This comprehensive work on Sarasvati thus constitutes a golden chapter in the work of 
the Akhila Bharateeya Itihaasa Sankalana Yojana, providing the foundation for future works on 
subsequent periods of the history of the nation.  
 
A principal objective of the Baba Saheb (Umakanta Keshav) Apte Smarak Samiti is the authenticated 
study of the history of our nation. For this purpose the Akhila Bharatiya Itihaasa Sankalana Yojana 
affiliated with the Samiti, has been working with a number of scholars and institutions organizing 
seminars and conferences and bringing out publications.  The Samiti is a non-profit, voluntary 
organization and is entirely supported by volunteers and philanthropists.  I wish to thank all the well-
wishers and contributors to the Samiti’s work. In particular, I would like to acknowledge with gratitude 
the contribution made by Shri G. Pulla Reddy, Shri Ramadas Kamath, and Basudeo Ramsisaria 
Charitable Trust, ICICI, Government of Goa, in enabling this publication. Sincere thanks are due to K. 
Joshi and Co., and Dr. C.N. Parchure who have undertaken the supervision of the publication. 
 
Plans have been initiated to start a national center to study the history of vanava_si people, to produce an 
encyclopaedia on the Hindu World and to organize research centers in all states of the country, to publish 
a series of research volumes on various aspects of the Bharatiya itiha_sa in all languages of Bharat, using 
multimedia presentations.   
 
 
Haribhau Vaze 
National Organizing Secretary, Akhil Bharatiya Itihaasa Sankalana Yojana and Trustee, Baba Saheb 
(Umakanta Keshav) Apte Smarak Samiti, Bangalore.  
Kaliyugabda 5105. a_s.a_d.ha, Gurupurnima. July 13, 2003 CE 
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Author’s Preface 
 
At the outset, I offer my sincere thanks to Moropant Pingley and Haribhau Vaze for 
their encouragement and support in pursuing this endeavour. 
 
What can I say which has not already been said by eminent scientists, scholars and 
thinkers of this great nation? All that I can do is to compile their thoughts and present 
them as I see fit and as a tribute to the memories of our pitr.-s and ma_tr.-s, our 
ancestors who have made us what we are and who have given us the vira_sat 
(heritage). 
 
The septet contains the following volumes: 
 
Sarasvati: Civilization 
Sarasvati: R.gveda 
Sarasvati: River 
Sarasvati: Bharati 
Sarasvati: Technology 
Sarasvati: Language 
Sarasvati: Epigraphs 
 
The enduring nature of the culture of the nation has been a source of awe and 
inspiration for many generations of scholars. 
 
The lives of the r.s.i-s and muni-s who contributed to the solidity of the Bha_rata 
Ra_s.t.ra is a source of inspiration for generations of students of philosophy, politics, 
sociology, spiritual studies, economics and culture.  
 
The earlier work, Sarasvati, published in 2000 focused on the life-history of River 
Sarasvati. This set of seven volumes follow-up on this work to present a comprehensive 
survey of the lives of the people who nurtured a vibrant civilization on the banks of 
River Sarasvati. They were enterprising people who ventured to the banks of River 
Sindhu and beyond and had established a network of interactions which extended as far 
as Mesopotamia in the west and Caspian Sea in the north-west. 
 
The River Sarasvati, flowing over 1,600 kms. from Mt. Kailas (Ma_nasarovar glacier) 
and tributaries emanating from Har-ki-dun (Svarga_rohin.i or Bandarpunch massifs, 
Western Garhwal, Uttaranchal), through Kashmir, Uttaranchal, Himachal Pradesh, 
Punjab, Haryana, Rajasthan, and Gujarat made the region lush with vegetation and 
provided a highway for interactions extending through the Gulf of Kutch, Gulf of 
Khambat, the Persian and Arabian Gulfs. The story of this riverine, maritime 
civilization is the story of an enterprising group of people who were wonderstruck by 
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the bounties of nature and had organized themselves into a cooperating society to 
harness the bounties of nature. The Samudra manthanam imagery wherein the asura-s 
and deva-s cooperate in churning the ocean for its riches is an allegory of this quest for 
material well-being while strengthening societal bonds. 
 
This march of history is a saga of adventure, a passion for discovery of new materials 
and new methods of communication using a writing system and communicating orally 
profound thoughts on the cosmic order in relation to humanity. 
 
he next stop is Dharma: a history of Bharatiya Ethos and Thought. 
 
 
 
 
 
Dr. S. Kalyanaraman 
Former Sr. Executive, Asian Development Bank, 
Sarasvati Nadi Shodh Prakalp, 5 Temple Avenue, Chennai 600015, India 
Kalyan97@yahoo.com 
 
Kaliyugabda 5105. a_s.a_d.ha, Gurupurnima. July 13, 2003 CE 
 

 
 

 

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



 13 

 
 

Table of contents 

 
  

Metallurgy Tradition 
Natural Resource map of ancient Bharat 
Tin from Meluhha 
Ancient Trade in Tin 
Copper Hoard Weapons: autochthonous evolution and links with Sarasvati civilization 
The cultural markers of legacy of the civilization 
Words for Copper 
Map of central Asia during Bronze Age 
 
Tradition of Sacred weapons 
 
Bronze age artifacts in areas neighbouring Sarasvati Civilization 
 
Bharat, Hurrian, Mitanni 
 
Harappan spoked wheel 
Map of the kingdom of Mitanni 
 
Index 
 
End Notes 

14 
67 
80 
91 
93 
104 
117 
130 

 
131 

 
205 

 
213 

 
240 
258 

 
269 

 
276 

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



 14 

 Metallurgy tradition 
 
History of Metallurgy tradition in Bharat 
 
Evolution of technology in Bharat finds early expression in the cutting of sea shells 
(s’ankha or turbinella pyrum) to create bangles and ornaments. It is also seen in the 
skills achieved in creating water reservoirs cut out of rocks (as in Dholavira) and 
architectural accomplishments of creating drains, water tanks with steps and buildings 
made of shaped stones (including use of polished pillars and ring-stones as structural 
supports). These developments were made possible by the invention of alloys called 
bronze, brass, bell-metal and pan~caloha (alloy of 5 metals) which were used for 
making tools, weapons and also household utensils. 
 
R.gveda is replete with allegorical and direct references to metallurgical activities, 
exemplified by the metaphor of the ratha to denote cyclical time and related 
astronomical observations. 
 
Metallurgical tradition of Bharat is highlighted by the iron pillar in Delhi which has 
stood the ravages of time and shining still after nearly 1,500 years. 
 
The search for minerals and metals was intense during the early Bronze Age in many 
parts of Europe and Asia. Bharatiyas were also involved in this search and in 
discovering new alloys. The tradition of cire perdue technique of casting sculptures in 
bronze and in pan~ca loha (alloy of five metals) continues even today in Swamimalai, 
in Tamilnadu. 
 
Early metallurgists of Bharat were also writers. They wrote on copper plates. They also 
wrote on punch-marked coins with exquisite symbols which can now be read as 
hieroglyphs. 
 
Seafaring merchants from Meluhha traded with Mesopotamia and other neighbouring 
civilizations in copper, and other minerals. The rivers and the coastline constituted the 
waterways for trade contacts over an extensive area. 
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Vedi (fire-altar), metals, alloys, arms and armour  
 

 
The stone sculpture of "Priest" from the Civilization may have originally had a horned head-dress 
affixed to the back of its head. Graphic reconstruction of the "Priest" [courtesy of Professor Michael 
Jansen (RWTH, Aachen University)] After http://bosei.cc.u-tokai.ac.jp/~indus/english/2_3_02.html 
 

The zebu is: ad.ar d.an:gra (Santali); rebus: aduru ‘native metal’ (Ka.) d.han:gar 
‘blacksmith’ (WPah.) The bull is tied to a post. tambu = pillar (G.); stambha id. (Skt.) 
Rebus: tamba = copper (Santali) tamire = the pin in the middle of a yoke (Te.) Rebus: 
ta_marasamu = copper, gold (Te.) 
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Woman with horns and two stars: ko_la = woman (Nahali); rebus: kol ‘metal’ ko_d.u 
‘horns’ (Ta.); kod. artisan’s workshop (Kuwi) ko_l. = planet (Ta.); kol ‘metal’; a pair 
(planets): sagal.a = pair (Ka.); saghad.i_ = furnace (G.) 
 
Ficus glomerata: loa, kamat.ha = ficus glomerata (Santali); rebus: loha = iron, metal (Skt.) 
kamat.amu, kammat.amu = portable furnace for melting precious metals (Te.) 
kampat.t.am = mint (Ta.) kammat.i_d.u = a goldsmith, a silversmith (Te.) 
 
Seated person adorned with horns: kamad.ha = a person in penance (G.) Rebus: 
kamat.amu, kammat.amu = portable furnace for melting precious metals (Te.) 
kampat.t.am = mint (Ta.) kammat.i_d.u = a goldsmith, a silversmith (Te.) cu_r.i = bangles 
(H.); rebus: culli = fireplace, kiln (Ka.) The seated person’s face is like a tiger’s mane: 
cu_r.i 
 
Priest: tammad.a, tammad.i = an attendant on an idol (Ka.); tammal.ava_d.u, tammal.i, 
tammad.i, tammali, tambal.ava_d.u (Te.) Rebus: tamba = copper (Santali) tamire = hole; 
t.ebra = three (cf. glyph of trefoil inlaid on the uttari_yam – upper garment); Rebus: 
tamara = tin (Ka.) 

 
The Vedic roots of early metallurgy tradition of yajn~a, involving the construction and use of vedi 
or fire-altars, continue in the metallurgical traditions of Sarasvati Civilization. Many sites have been 
discovered with fire-altars and metallurgical artifacts of the early chalcolithic and bronze age, 
exemplifying evolution of pyrotechnology in working not only with stones, sea- and river-shells and 
terracotta obects but also with minerals and metals using fire and specialized furnaces. 
 
New metallurgy techniques such as cire perdue (lost wax method) was an important technology 
which contributed to the evolution of tSarasvati Civilization from chalcolithic to the bronze age. 
Metallurgical technologies involved the production of (e.g. casting and forging including use of 
cold work, hot-work and annealing) and trading of artifacts made of gold, silver, lead, copper, 
arsenical copper, and bronze, with a dominant use of copper and copper alloys. Metallurgy was a 
Pre-Harappan technology exemplified by the copper mirror of Mehi displaying a female figure and 
a copper axe from Nal. The Mature Harappan phase built upon this technological foundation and 
established a network of interactions for resource mobilization of ores and for trade in intermediate 
products (such as ingots of copper and tin) and finished products (such as metallic weapons and 
tools and ornaments made of gold and silver and use of lapis lazuli, carnelian and other 
precious/semi-precious stones and beads). The weapon and tool repertoire included an array of flat 
celts, knives, arrowheads, spearheads, chisels, razors, fishhooks, saws, tubular drill, saw, needle 
with eye at the pointed end and vessels and vases. [DP Agrawal, 1971, The Copper Bronze Age in 
India, Delhi, Munshiram Manoharlal]. Over 200 Harappan artifacts have been subjected to 
metallurgical analysis; it was noted that 23% were alloyed with tin, 12% with arsenic and 80% with 
lead. [DP Agrawal, RV Krishnamurthy and Sheela Kusumgar, 1981, Arsenical coppers in the Indian 
bronze age, in: MS Nagaraja Rao, ed., Recent Researches in Indian archaeology and Art history, 
New Delhi, Agam Kala Prakashan, pp. 9-18]. This is contrasted with the situation of Copper Hoard 
culture which showed only arsenic alloying and of Chalcolithic cultures which showed only tin 
alloying. An analysis of two copper artifacts from Nagwada, a mature Harappan site of North 
Gujarat showed a chisel containing 10.6% tin and an axe containing 2.72% arsenic. [Seshadri, 
unpublished thesis, loc.cit. in DP Agrawal and Rajam Seshadri, 1998, The Metallurgical tradition of 
the Harappans, in: Vibha Tripathi, ed., Archaeometallurgy in India, Delhi, Sharada Publishing 
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House, pp. 10-15]. Some of the c-14 dates for ancient copper workings are: 1. Dariba mines, 
Udaipur Dist., Rajasthan 3120+-160, 2310+-105 BP; 2. Ambamata, Banaskantha dist., Gujarat 
2110+-200 BP; 3. Ingaldhal, Chitradurga Dist., Karnataka 1730+-110; 4. Ranihat, Tehri Garhwal 
1690+-140 [DP Agrawal, C. Margabandhu and NC Shekhar, 1976, Ancient copper workings. Some 
new 14C dates, Indian Journal History of Science, 11, No.2, pp. 133-136].  
 
In Swamimalai, 8 km. From Kumabakonam in Tamil Nadu, the vis’vakarma tradition of cire 
perdue technique of sculpting in bronze and pan~caloha (five metals) continues even today. Located 
on the banks of River Kaveri, this place has a natural resource: clay from the river banks, which is 
so fine that it did not crack when fired and would leave sharp imprints when pressed. The local 
tradition traces the technique of madhucchis.t.ha vidha_na to vedic times and equates the 
pan~cajana_h (five peoples) with: manu, ‘iron monger’; maya ‘wood worker’; tvas.t.a ‘vessel 
maker’, vis’vajn~a ‘goldsmith’; and s’ilpi ‘sculptor’. A person versed in the skill of any three of 
these professionals calls himself a sthapati. The processes involved in the technique of cire perdue 
in vogue are simple. A figure is hand-moulded using hard wax. The finished wax figure is encased 
in clay and sun-dried. The dried clay case is heated to melt and drain the wax.  Molten alloy is 
poured into the hollow space. The rough cast which emerges is hand-finished to remove the rough 
metallic protrusions and polished. The technique can produce bronze sculptors which weigh as 
much as 2 tonnes and as high as 15 feet.cire perdue 
 

The most exquisite example of the use of bronze is the bronze statuette of a 

woman made using the cire perdue technique, a technique which is still in 
use in Swa_mimalai, Tamilnadu to make bronze images of utsava be_ra-s 
(mu_rti-s). 
 
 
The bronze statue of a woman wearing bangles and hol ding a small 
bowl in her right hand, Mohenjo-daro (DK 12728; Mac kay 1938: 274, 
pl. LXXIII, 9-11). The statue was made using cire perdue (lost wax) method, 
a method used by vis’vakarma-s in Swa_mimalai to make bronze figurines 

of deities – vis’vakarma tradition lives on. 
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Dawn of bronze age in Bha_rata and cire perdue tradition of sculpting in bronze 
 

 
“Copper and bronze implements included farming implements and tools, fishhooks, 
weapons, ornaments and vessels. These metal implements may have served as status 
symbols. They were manufactured in two ways: 1) by casting (pouring molten metal 
into moulds); and 2) by heating and hammering the metal into shape.” http://bosei.cc.u-
tokai.ac.jp/~indus/english/2_2_05.html Many bronze implements are seen to have been 
made using cire perdue method. 
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Bronze-age triangle: Sarasvati-Sindhu, Mesopotamia and Bactria-Margiana (Persia) 
 

 
Hindukush region 
 

 
Pamir-Kunlun region  
 
The jury is still out on the issues related to dating the bronze-age artefacts in the three contiguous 
areas: India, Iran and Mesopotamia/Anatolia.  
 
D.K. Chakrabari (1979, The problem of tin in early India--a preliminary survey, in: Man and 
Environment, Vol. 3, pp. 61-74) opines that during the pre-Harappan and Harappan periods, the 
main supply of tin was from the western regions: Khorasan and the area between Bukhara and 
Samarkand. The ancient tin mines in the Kara Dagh District in NW Iran and in the modern Afghan-
Iranian Seistan could have been possible sources. Harappan metal-smiths used to conserve tin by 
storing and re-using scrap pieces of bronze, making low-tin alloys and substituting tin by arsenic. It 
is possible that some of the imported tin (like lapis lazuli) was exported to Mesopotamia. A cylinder 
seal of Gudea of Lagash (2143-2124 B.C.) read: "copper, tin, blocks of lapis lazuli-- bright 
carnelian from the land of Meluhha." (Muhly, J.D., 1976, Copper and Tin, Hamden, Archon Books, 
pp. 306-7).   
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In a wide geographic span and over a wide time-horizon dating from c. 6000 BCE to c. 2700 BCE 
the starting point of the mature phase of Bharatiya civilization, some archaeological finds stand out. 
“In the Bolan valley or the Kachhi plain of Baluchistan Mehrgarh offers a straight sequence, 
beginning with a bead, presumably of copper, in a child’s burial in the upper level of period I, 
which is unlikely to be later than 6000 BCE.. A bead and a ring occur in period II but do not 
indicate by themselves the beginning of the smelting tradition which, however, is beyond a shadow 
of doubt in period III (late 5th/early 4th millennium BCE) when some terracotta crucibles are found 
with metal sticking to them. The 4th millennium considerably widens the evidence, showing in 
addition the knowledge of lead, silver, nickel and gold. Gold occurs in Jalilpur I near Multan in 
central Indus valley, but lead, silver and nickel are attested at Nal in south Baluchistan, the last 
element occurring as an alloy (4.9%). The same specimen is also found to contain lead as an alloy 
(2.14%).” [Dilip K. Chakrabarti and Nayanjot Lahiri, 1996, Copper and its alloys in ancient India, 
Delhi, Munshiram Manoharlal, pp.33-34] Mackay (1938: 441) notes that it was proved “beyond 
doubt that bronze was known too and used by the people of the earlier occupations as well as later. 
For instance, bronze containing no less than 22.2 per cent of tin was found at the level 30.4 ft. 
below datum and another piece with 8.3 per cent of tin at 33.4 ft. below datum.” About the metal 
finds in Lothal, BB Lal wrote: “It seems that the raw materials used by Lothal metal workers for the 
extraction of metal copper were different from those used at Mohenjodaro and Harappa, for, 
otherwise, it is difficult to explain the total absence of arsenic from the copper objects found at 
Lothal.” (in Rao 1985: 655). 
 
 
Distribution of artifacts in pre-Indus civilization levels1  
[After Chart 1 in: Dilip K. Chakrabarti and Nayanjot Lahiri, 1996, Copper and its alloys in 
ancient India, Delhi, Munshiram Manoharlal, p.34] 
 
Mehrgarh-I: bead; II: bead, ring; III: crucible, pin, seal; IV: chisel, rod 
Kile Gul Mohammad-III: chisel/celt fragment 
Damb Sadat-II: dagger/knife 
Balakot-I: 4 objects including strip 
Gumla-II: handled rod; III: antimony rod, nail-parer 
Lewan-Kot Diji phase: rod, sheet, fragment 
Tarakai Qila-Kot Diji phase: fragments 
Amri-I: knife, bangle 
Ghazi Shah: bead, bangle, ring, awl, arrowhead, crescent shaped object 
Kot Diji-I: bangle, ring 
Jalilpur-I: rod 
Hakra Ware and Early Harappan phases in Cholistan: unspecified 
Kalibangan-I: rod, ring, wire, pin, arrowhead, celt, bead, axe, bangle, ‘lump’ 
Mitathal: bangle 
Banawali-I: unspecified 
Harappa-Early Harappan: unspecified 
Dholavira: slag, crucible, ‘fireplace’ 
Bagor-Phase 2: arrowhead, spearhead, awl 
Ganeshwar-Phase 1: Mesolithic; Phase 2: arrowhead, awl, fish-hook, spear-head; Phase 3: axe, 
arrowhead, spearhead, chisel, fish-hook, ring, hairpin, bangle, rod, ball, celt 
Kunal-Phase1: arrowheads, fish-hooks; Phase 2: arrowheads, beads, spearhead 
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Artefacts from some other Indus civilization contexts levels  
 
[After Chart 9 in: Dilip K. Chakrabarti and Nayanjot Lahiri, 1996, Copper and its alloys in 
ancient India, Delhi, Munshiram Manoharlal, p61] 
 
Suktagendor: barbed object, bead, needle, knife, celt 
Bala Kot: spearhead, arrowhead, bowl 
Nausharo: arrowhead, blade, chisel, razor, pin, ball, seal, ring, button, lump, circular object 
Gumla: chisel, antimony rod, handled rod 
Lohumjodaro: spearhead, razor, awl, knife, ring, bead 
Ali Murad: axe, awl 
Shaji Kotiro: bangle, chisel, arrowhead 
Thano Bula Khan: bangle 
Naru Waro Dharo: spearhead 
Allahdino: axe, spearhead, bead, pin, hook 
Kot Diji: bangle, ring, blade, axe, chisel, arrowhead 
Kalibangan: rod, pin, bangle, bead, mirror, arrowhead, hook, ring, chisel, spearhead, celt, awl, 
knife, dagger, drill, needle, razor, figurine 
Banawali: arrowhead, spearhead, chisel, fish-hook, razor, ring, hairpin, rod 
Mitathal: ring, wire 
Ropar: axe, jar, spearhead, ring, bangle, razor 
Alamgirpur: pin, fragment 
Dholavira: seal, knife, chisel, bead, bangle, ornament, pieces 
Nagwda: axe, chisel, pendant, ring, strip 
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Metallurgy of Copper axe 
 
"In terms of Brinell hardness, the axe of 
Mohenjodaro was 85 close to the cutting edge 
(the figure is much above that of mild steel), 
decreasing to 63 towards the middle of the blade. 
HCH Carpenter of the Royal School of Mines 
suggested that it is possible that the ancient axes 
do not retain their original hardness; it is also 
possible that such an axe was once harder. 
Mackay concludes from the examination of the 
rejected castings that the axes of Mohenjodaro 
were cast very much in the same shape as the 
finished specimen that we have found, even to the 
curved cutting edge; these would therefore have 
required not only hammering to shape them, but 
also possibly a great deal of hardening." (FEM, 
594-95; A.K.Biswas, Minerals and Metals in 
Ancient India, Delhi, DK Printworld, 1994).  
 
The copper tool-types and other metallic finds 
at Nal included; (after H. Hargreaves, 1929, 
repr. 1981, Excavations in Baluchistan Sampur 
Mound, Mastung and Sohr Damb, Nal, New 
Delhi: 40,44): adze, saw, chisel, 
dagger/spearhead; knife/dagger, seal (six 
projections, circular centre), silver foil (8 
fragments); also, leaden slag and mineral ores 
(cerrusite with culrite; lollingite, i.e. iron and 
arsenic). “A point which is worthy of notice is 
that in the Hakra drainage area in Cholistan there 
is extensive evidence of presumably primary 
smelting. At the Indus civilization sites of 
Charaiwala and Siddhuwala Ther, Aurel Stein 
found copper ore (cf. Gupta 1989: 85,87), M.R. 
Mughal collected a large quantity of slag from the 
surface of many sites in this area (personal 
communication to N. Lahiri)…What, however, 
we find most intriguing is the emergence of the 
northern Rajasthan – southern Haryana centre 
with its focus around Ganeshwar in Rajasthan and 
Narnaul in Mahendragarh in Haryana as 
apparently the most significant copper 
metallurgical centre of protohistoric India, 
maintaining its prominence right through the early 
Harappan, mature Harappan, late Harappan and 
the chalcolithic cultures of southeastern Rajasthan 
and Malwa which were possibly contemporary 
with the late Harappan stage. It is obvious that the 
upper Gangetic valley centre became important 

only in the last and uppermost segment of this 
sequence, and till now we do not even know if it 
was really a case of a major copper metallurgical 
centre in the upper Gangetic valley or it was 
basically a case of expanded horizon of the 
northern Rajasthan-southern Haryana…What is 
further intriguing is the probable late Harappan 
association of this range of artifacts in the context 
of the upper Gangetic valley.” (Chakrbarti and 
Lahiri, 1996, p. 61, 85). 
 
Copper/bronze artifacts  
Mohenjo-daro. Vessels.   
Pl. CXL, 4: bronze, cast, dish and cover; dish 
dia. 6.55 in. 
Pl. CDL, 7: copper, hammer,  ht. 4 in. 
Pl. CXL, 8: bronze, wide, mounted, plain rim; 
ht. 4 in, 
Pl. CXL,9 and 18: copper, vessel and cover; ht. 
12 in. 
Pl. CXL, 12: bronze, plain flared rim; ht. 8 in. 
Pl. CXL, 13: bronze, cast, dia. 12.75 in. ht. 4.4 
in. 
Pl,. CXL, 14: copper, plain rim 4.6 in. across; 9 
in. high. 
Pl. CXL, 20: bronze, small, flat base; ht. 10.5 
in. 
Pl. CXL,5: stem and base of a censer; copper 
axe decorated with a fluted pattern; slightly 
bent over rim with a raw edge carrying three 
rows of indented markings; the knob at the top 
of the stem of bronze; solid casting and very 
heavy; ht. 6.65 in. dia. 6.75 in. 
 
Harappa. Jar 277 (Mound F) contained the 
following artifacts (Vats 1940):  
13 blade-axes 
8 narrow and long axes 
2 double-axes 
11 daggers with tapering sides and with or 
without curved tips 
1 mace-head 
13 spearheads and flaying knives 
1 lance-head 
1 arrow-head 
1 chopper 
2 saws 
10 chisels with or without shanks 
2 cast-bars for making chisels 
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1 flat strip of metal 
1 stylus 
1 beam of a weighing scale 
1 semi-oval, hollow terminal 
5 solid bangles 
1 rod for making a bangle 
3 hollow bangles 
4 flattened leaves for making hollow bangle 
4 thick rectangular copper-pieces 
1 thin bowl with tapering sides 
2 large folded sheets of copper 
2 thick broken pieces bearing prominent 
hammer marks 
1 small lump of lollingite. 
Types of objects found are: vessel, adze (one-
socketed), dagger-knife, spearhead, chisel, 
sickle, scraper, razor, gouge, nail-parer, 
surgical or toilet set, cobbler’s awl (?), needle, 
pin, antimony rod, mirror, fish-hook, arrow-
head, hasp or a typical Induan kun.d.i made of a 
round copper bar, hook, and latch (?). 
 
 
Mohenjodaro was an island between the Indus 
and the Western Nara loop (27.19N 68.8E). 
Bronze was used for weapons requiring sharp 
edges and for figurines or ornaments with fine 
finish. Another alloy of copper was found: 
arsenic averaging 3 to 4.5 percent in content. 
The arsenic component might have come from 
the copper ore itself or using another arsenic-
containing mineral such as lollingite (MIC, I, 
31). Weapons of war were: axes, spears, 
daggers, bows and arrows, maces, slings. No 
evidence of shields, helmets, or swords were 
found. Two types of blade-axes were: lay and 
narrow, shor and broad.  
 
Based on the presence of arsenic, nickel and 
lead in artefacts from Mohenjodaro and 
Harappa, Ullah (1940) determined the sources 
of their copper to have been Khetri, Alwar, 
Singhbhum and Afghanistan mines where 
nickel and arsenic both are supposed to be 
present in the copper ores. He held that the 
Sumerian ores could be distinguished from 
Indian ores since the former are virtually free 
from arsenic (Ullah 1940)... Agrawal's Table 11 

(1971) shows that at Khafaje and Ur, 88 percent 
of the artefacts contain arsenic.  
 
Objects of copper: hook, axe, sword, knife, 
spearhead, pan, dish, chisel, vase, scale pan, 
bangle, canister, awl, saw, lance-head, razor, 
cones, dagger, ring, spoon, reamer, kohl-stick, 
sickle, casting, broken ingot, scale beam, fish-
hook, copper lump, needle. Copper vessels 
were made in two parts and joined together by 
running on and rivetting techniques. (Soldering 
was used for gold and silver).  
 
Objects of bronze: spearhead, mirror, vase, axe, 
pan, saw, chisel, dagger, axe-adze, fish-hook, 
scale pans, ornament, spacer, hook, knife, kohl-
pot (FEM, 441-94). Short broad axes of copper 
and bronze, copper leather cuter, bronze razor 
and saw, bronze fish-hook were also found by 
Marshall (MIC, II, 488-508). Both bronze and 
copper were used as spacers and terminals for 
bead-necklaces. Gold and electrum were in use, 
in a significant measure with the possibility that 
cupellation was used to extract silver from its 
ores (perhaps argentiferous galena). Edwin 
Pascoe suggests that in ancient times, lead was 
extensively mined in various parts of India, 
chiefly to extract the silver associated with it. 
Hamid's analysis of samples of silver proved 
the presence of lead, thus enhancing the 
possibility that silver used in Mohenjodaro was 
an extract from an ore, perhaps galena rich in 
silver. (MIC, II, 524). Lead (with silver) was 
also available in the Fa_ranja_l mine in the 
Ghorband Valley of Afghanistan.  
 
Marshall found in HR area, House VII an oval-
shaped, 7 ft. long pottery kiln with a narrow 
mouth, surrounded by a thin wall of a single 
course of burnt bricks. A few betel-leaf-shaped 
clay plaques were found near the mouth of the 
furnace. A kiln in VS area, House VII had a 
circular shape and dia 6 ft. srrounded by a wall 
of a single course of bricks. This was possibly a 
pottery kiln (MIC, II, 226). DK mound, G 
section had six kilns, this mound was perhaps 
the artisans' quarter (perhaps potters). A 
number of copper melts found near House VI 
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of Block 2 point to metallurgists at work. 
House VI, Room 51 yielded copper ore and a 
small piece of lead in a brick-kilned pit. Lead 
was perhaps used to assist smelt copper (FEM, 
41). SW wing, room 33 produced two kilns, 
both 4ft. 3 in. deep and paved with brick, with a 
4 in. ledge. The kilns were used to fire at high 
temperatures using wood or charcoal. (FEM, 
49-50). At courts 21 and 26 two kilns had floor 
at a level of 3.5 ft, perforated with a number of 
holes for the heat of the fire to penetrate to the 
pottery. These holes were arranged in a ring 
round the edge of the floor with one hold in the 
centre. (FEM, 102). Mackay believed that G 
section DK kilns were to bake pottery but those 
in the 'palace' might have been used by an 
armourer in the making and repair of weapons 
and tools, which recall the armourer's shop in 
the palace at Kish. Copper ore came from 
Jaipur state in Rajputana, the Shah Maqsud in 
Southern Afghanistan and Robat in the extreme 
west of Baluchistan (MIC, II, 676). Lead was 
available from Afghanistan, Baluchistan, 
Rajputana and Hazaribagh. Tin content of 4.5-
13.2 percent indicate the use of high grade 
bronze. Another proof is the completely 
oxidized state of a substantial core of white 
stannic oxide enveloped in a layer of red 
cuprous oxide in many objects. Bronze was 
used for tools, razors, jewellery (MIC, II, 481-
83). It is likely that the discovery of bronze 
occured in North Persia. It is noted that daggers 
and knives discovered in the Mohenjodaro 
civilization resemble some weapons found at 
Susa, Anau and in SW Caspian areas (MIC, II, 
483-84). Bronze statues (e.g. the dancing girl 
statue, animal figurines) were cast bronze 
perhaps using cire perdue process and also 
direct casting in a mould (FEM, 283-84, MIC, 
I, 345). 
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Writing system, smithy, supernatural 
 

 
 

 
Egyptian metal-working (c. 1500 BCE). From a wall-painting. Metropolitan Museum of Art. A. 
Fires are blown to a glow by wind from bellows worked with the feet and with cords held in the 
hands. In the lower register metal is melted in a crucible held over the fire between two rods. B. 
Molten metal poured from crucible to moulds. C. Workmen carrying tongs and blow-pipes. D. 
Labourer emptying basket of fuel, probably charcoal. E. Vessels beaten into shape by stones on 
anvils, polished smooth by small pebbles, and ornamented with incised decoration. The fire in the 
small furnace was probably used for soldering. 
 
Geometrical outline of a furnace used by iron-workers in Bha_rata. [After Plate 3, Sayed Jafar 
Mahmud, 1988, Metal technology in medieval India, Delhi, Daya pubishing house]. Akaira  is 

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



 26 

shown in figs. 4 and 5. It is seen externally as a clumsy mass of clay enveloping the wind tubes (two 
are shown in fig. 5 within Akaira; the complete fusion of this mass and the perfect completion of the 
smelting process must be simultaneous results, hence Akaira is an important component of the 
furnace. If Akaira is too small, masset of crude iron will be full of impurity; if it s too large, the iron 
will be consumed; if the Akaira cracks during smelting, the entire furnace will have to be 
dismantled and re-worked. Guddaira is a wedge of clay used to adjust the vertical position of the 
Akaira; Pachar is an oblong plate of clay used to wall up the orifice after the Akaira is placed (figs. 
7 and 8 respectively). Gurairy  is a convex plate of clay, perforated with holes and used as a grate 
through which the scoria are drawn off (fig. 6). 
 
"The man that could make metals was, as one would expect a powerful and important figure. His power 
sometimes led to his being worshipped; alternatively, he might have been hated. In some tribes, 
apparently, to call a man 'a smith' was an extreme form of abusive language. Not surprisingly the metal-
makers' craft was associated with magic and wizardry. Perhaps that is how the name 'blacksmith' came 
about. After all, if a man could turn a piece of hard, dull rock into soft, bright metal he was certainly one 
to be held in respect, or fear. Consequently, the smith's hammer was a sign of power, and an oath taken 
over his anvil could never be broken. (The importance of a promise make over a blacksmith's anvil was, 
until recently, well appreciated -- or should have been -- by eloping couples who fled to the Scottish 
border where they were married by the smith at Gretna Green.) Further, the smith was supposed to be 
able to fore-tell the future by looking at the molten slags in his furnace. Of course, the contemporary 
metallurgist should be able to foretell the immediate future by looking at his slags; he may even foretell 
the value of some industrial stocks; but the old smith's abilities went further than that." [J. Gordon Parr, 
1958, Man, metals and modern magic, Cleveland, American Society for metals]. 
 
The R.gvedic and Avestan kavi was a smith; kavyava_hana was agni, the carrier of the havis 
(oblation) of kavi. He was the singer par excellence, the singer of sa_man, the processor of soma, 
electrum. 
 
Weapons of War and defensive fortifications in Sarasvati Sindhu Civilization 
 
Most of the settlements of the civilization were fortified in the citadel areas aligned in cardinal 
directions. Many place names of the settlements are referred to as ‘kot.’ meaning, ‘fort’: e.g., 
kot.ada (Dholavira), Surkot.ada, Kot. Diji . In harmony with the fortified nature of the citadels 
some with towers close to gateways, the metals technologies were used to produce – arms and 
armour – or, weapons of war, in addition to utilitarian and craft tools and implements. 
 

“In considering the possible implements of war, we may reject the simple chert blades which 
occur abundantly on all Harappan sites, as on many others of the same general period. But 
alongside these are found metal implements of which a majority may have been used equally by 
the soldier, the huntsman, the craftsman, or even by the ordinary householder, and are included 
in this section without prejudice. They are of copper or of bronze generally poor in tin, and 
include spears, knives, short swords, arrow-heads and axes. It has been suggested that small 
domed pieces of copper, each perforated with two holes, were sewn on to a garment and used as 
an equivalent to mail, but there is no supporting evidence and neither body-armour nor helmets 
(well known in Ealry Dynastic Sumer), nor indeed shields, can at present be attributed to the 
Harappans. Spears are invariably tanged and cannot clearly be distinguished from knives. Most 
of them are thin, flat, leaf-shaped blades which would buckle on impact and must have been 
stiffened by being set back between the split ends of the shaft, which would thus serve as a mid-
rib. Sometimes two two small holes near the base of the blade suggest a former binding for such 
a device. Rarely (in four instances) the blade has a slight median thickening, the section being 
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diamond-shaped. Such re-inforced blades are up to 18.5 inches in length and may rather 
represent short swords or dirks, a type of weapon for which there is no other evidence. They are 
from late levels, and have parallels of c. 2200-1750 BCE in Syria and Palestine. The leaf-shaped 
spearhead is universal; no barbed blade has been found, although there is a clear illustration of a 
barbed spear on a Mohenjodaro seal, and a barbed spearhead from Ur has been cited in this 
connection…Leaf-shaped knives may sometimes be differentiated from spears by having a 
slightly sinuous, recurved point, a Harappan peculiarity hardly ever found outside the Indus 
civilization, although one example is reported from Hissar III in north-eastern Iran. The 
appearance of a hafted knife is summarily indicated by a tiny graffito on a potsherd from the 
Great Granary. 

 
“Arrow-heads are fairly numerous and are almost invariably of copper or bronze. They are thin 
and flat, with long, narrow barbs and no tang, resembling the swallow-tailed flint arro-heads of 
Egypt and northern Iran. The metal type does not occur in Egypt or Sumer, but is found in 
Minoan Crete. On the other hand, flint or chert examples are almost unknown in the Indus 
valley: exceptions are from Kot Diji and from Periano-ghundai in northern Baluchistan. Copper 
or bronze axes are flat, without the shaft-hole which had early developed elsewhere in Western 
Asia. They were presumably hafted in a split and bound handle. Some of the axe-blades are 
long narrow, with neatly parallel sides and may sometimes have been used in prolongation of 
the haft; others are short and relatively wide, with boldly expanded edge.“[REM Mortimer 
Wheeler, 1968, The Indus Civilization, 3rd edn., Cambridge University Press: 73] 

 
Regarding shaft-hole axes, it should be noted that two pottery models of shaft-hole axes are 
recorded from Mohenjodaro, recalling the occurrence of similar clay models as early as the 
al’Ubaid period in Mesopotamia; and a bronze example was found at Chanhudaro in a late 
Harappan Jhukar layer. More elaborate is a fine copper axe-adze from a late level at Mohenjo-daro, 
analogous to the ones found in Hissar, Shah Tepe, Turang Tepe, at Faskan and Maikop in North 
Caucasia, at Assur (859-824 BCE, King Salmanassar III). A similar type is also found in Crete (c. 
2000-1900 BCE) and as far as away as Ukraine (mid-2nd millennium BCE). The Mohenjo-daro axe-
adze can be dated to the 2nd millennium. [DP Agrawal, 2000, p. 72]. 
 

Bronze daggers from a. 
Punjab (National museum 
of antiquities, Edinburgh; 
b. Luristan; c. Nihavand, 
West Persia (c. 1200-1000 
BCE?)  [After Fig. 2 in 
Heine-Geldern, 1937]. 

 

Sumer; Top to bottom: two 
bronze drills, a copper axehead, a 
copper spearhead, a copper saw 
blade and a bronze adzehead.  
(From S.N.Kramer, 1957, opcit., p. 
155).  

 
A. bronze scimitar, over 21 in.; length of the blade 16 in. and of the hilt about 5 in., width varies 
from over one to just under 2 in.; the hilt was jewelled and inlaid with ivory; bears an inscription of 
Adad-nirari I, king of Assyria ca. 1325 B.C.  B. Straight sword found at Ashur  C. Bronze axe (A: 
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Boscawen, 1876, Transactions of the Society of Biblical Archaeology,  Vol. IV, Pl. 2, p. 347; B: cf. 
Andrae, Der Anu-Adad Tempel, p. 53; C: Andrae, ibid.) In the inscription of Cylinder A, Gudea 
describes his involvement with craftsmen: "the ruler sat with the silversmiths building Erinnu with 
precious stones, he sat with the jewelers building with copper and tin Ninturkalamma (godess) 
directed before him the craftsmen and metal casters (Jacobsen 1987: 408). Neo-Assyrian ruler 
Sennacherib also shows his interest in metalworking: in one inscription he claims innovation in 
casting colossal metal statues (cf. Dalley 1988: 103-5); in another inscription, a reference is made to 
the alloy used for casting ornamental metal friezes for gates (cf. Walker 1988: 116).  
 

Hollow pipe of beaten copper 
over ten feet long and dia. of 4 in.; the 
tube was fastened to a wooden pole with 
copper nails; the pipe tapers upwards 
and the top is crowned with a hollow 

ball of hardened bitumen 
a little below which there is a large semicircular handle which is also a hollow tube made of copper; 
it appears to be part of a standard as it is found reproduced on the famous vase of Gudea. 
 

Shaft-hole axe with horse-head.  
Afghanistan, early 2nd millennium 
BCE. The blade is balanced with the 
protome of a horse projecting from the 
back of the butt. The blade of the axe is 
thicker than most. An axe with a lion 
emerging from the butt is also known. 
Copper alloy. 7.9 cm. High, 14.9 cm. 

Wide. Metropolitan Museum of Art, new York 1989.281.39 [After Holly 
Pittman, 1984, Art of the Bronze Age – southeastern Iran, western Central Asia 
and the Indus Valley, New York: 70, fig. 32].  

Mace-head 
with a horse-
head.  Northern 

Afghanistan. 
Copper. After 
Viktor Sarianidi, 
1986, Die Kunst 
des alten 

Afghanistan. Leipzig: 211. 

Sibri: Shaft hole axe-
adze (South Asian 
Archaeology) 

Axe-
adzes 

of 

bronze : (a) and copper 
(b,c). From a. Mohenjo-
daro; b. Tepe Hissar, Near 
Damghan, North Persia; c. 
Zsiberk, Transylvania 
(National Museum of 
Hungary, Budapest). [After 
Fig. 3 in Heine-Geldern, 
1937].  
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Copper and bronze objects 
from the Indus system : 
shaft-hole axes: 1. Chanhu-
daro (Jhukar culture); 2. 
Shahi-tump cemetery; 3. 
Mundigak III.6; shaft-hole 
adze; 4. Mundigak III.6; 
Trunnion axes; 5. Shalozan; 
6,8 Gilgit Karakoram; shaft-
hole axe-adze; 7. Mohenjo-
daro [After Fig. 9.3 in: Bridget 
and Raymond Allchin, 1982, 
The rise of Civilization in 
India and Pakistan, 
Cambridge University Press]. 

Copper forks from Tepe 
Hissar  “Such forks are known 
from a necropolis at Sialk, 
near Kashan, half-way 
between Tehran and Isfahan, 
dating from the twelfth or 
eleventh centuries BCE. They 
are frequen tin Transcaucasia, 
dating, there too, from the last 

centu[After Fig. 4 in Heine-Geldern, 1937]. 
 
 
 
 
 
 
 
 
 
 

 
Bronze knife, sickle, chisel : Harappa, 1995 
excavations. [Fig. 5.25 in DP Agrawal, 2000]. 
 
Copper razor (sickle?) wrapped in cloth, 
indicating packaging for trade or use of a 
sheath : Mohenjo-daro {After Fig. 5.21 in DP 
Agrawal, 2000].   

 
S’atapatha Bra_hman.a attests to the use of copper needles and a copper slaughter knife, during the 
performance of the As’vamedha yajn~a. (S’Br. 13.2.2.16,18; 2.10.3). S’atapatha Bra_hman.a refers 
to ta_mramayah ks.urah (copper razor) in the context of shaving ceremonies (S’BR. 2.6.4.5, 6,7; 
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cf. Eggeling 1882, I:450; Weber 1849: 219). A_s’vala_yana Gr.hyasu_tra (1.17.9), Para_sara 
Gr.hyasu_tra (2.2.11) and Sa_n:kha_yana Gr.hyasu_tra (1.28.7,14; cf. Oldenberg 1886, I: 
55,56,185,302) also refer to the use of copper (loha, loha_yasa) razor in shaving (tonsure) 
ceremony. 
 
“The Sm.rti texts go beyond mere rituals and provide an insight into the role of the state in relation 
to mines, minerals and metal-working. According to the Manusmr.ti (8.39; Dongier and Smith 
1991: 155) “the king gets halof of ancient treasures and minerals in the ground”. The Vis.n.usmr.ti 
(3.55; Jolly 1880: 19; 1881: 13) allots the whole produce of the mines to the king. This text further 
notes (3.16) that the king should appoint able officials for the working of his mines. Interestingly, 
this text (54.19; Jolly 1880: 177; 1881: 125) also alludes to the fact that the selling of metals, as also 
of shells, bees wax, lac and rhinoceros horn were activities associated with people viewed as 
polluted in the traditional Hindu system.  It may also be useful to recall that the Manusmr.ti (6.71) 
shows an awarness of metallic ore-processing: ‘for just as the defiling dirt of metal ores is burnt 
away in the blast of a furnace, so the faults of the sensory powers are burnt away by suppressing the 
breath.’ (Dongier and Smith 1991: 124; also Buhler 1886: 211 and Jolly 1887: 122). While the law 
books of A_pastamba and Gautama are quite early (600-350 BCE), the Manusmr.ti is dated between 
200 BCE and CE 200 (Kane 1968, I). The Vis.n.usmr.ti, while containing an early prose nucleus, is 
dated in its larger verse elements between CE 400 and 600 (Derrett 1973: 38).” [Chakrabarti and 
Lahiri, 1996, pp. 138-139]. 

Bronze vessels and artifacts; bronze jar : Mohenjo-daro 
[After Fig. 5.15 in DP Agrawal, 2000]. 
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“ The Harappans had a well developed and highly specialized metal technology, but oddly 
enough it is one of the least studied craft traditions.” [KK Bhan, Vidale Massimo and Jonathan 
Mark Kenoyer, 1994, Harappan technology: theoretical and methodological issues. Man and 
Environment 19: 141-57].  

 
Most artifacts are 

utilitarian with an array of pots and pans in metal. ; images of dancer, foot 
with anklet, cast figures of animals show the use of lost wax (cire perdue) method of casting of 
copper/bronze. The major weapons are: sickle blades with externally sharpened edge; chisels; 
spearheads, thin barbed arrow-heads; straight and circular saws; blade-axes; mid-ribbed daggers; 
drill, and eyed needles. “It may be pointed out that needles with eyes on the pointed ends, true saws, 
circular saws, and drills are Harappan contribution to the world of instruments.”  

 
About 30 % of metal artifacts of Mohenjo-daro and Harappa were alloyed: arsenic alloys (1 to 7 %); 
nickel alloys (1 to 9 %) and lead alloys (1 to 32 %). “Tin bronzes were more common than any 
other alloys. The Harappans knew the techniques of sinking, ‘rising’, ‘running-on’, cold work, 
annealing, riveting, lapping, closed casting, cire perdue.” (DP Agrawal, 2000, pp. 71-72).  
 

Copper finds from northern Rajasthan-southern Haryana area (After Yule 
1985, pl. G).  
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Mohenjo-daro: copper objects  (Afte 
Mackay, 1938, pl. CXVI) 
 
Mohenjo-daro: copper objects (Afte Mackay, 
1938, pl. CXV) 
Mohenjo-daro: copper objects (Afte Mackay, 
1938, pl. CXIII) 
Mohenjo-daro: copper objects (Afte Mackay, 
1938, pl. CXII) 

 
 
Ganeshwar. Copper objects (After Yule, 
1985, pl. 7). 

 

Use of copper articles according to Vedic texts [After Chart 44 in Chakrabarti and Lahiri, 1996] 
 

Ceremony Text Reference 
Funerary 
 
 
 
 
 
Pitr.medha 
 
Ca_turma_sya 
 
As’vamedha 
 
Agnis.t.oma 

A_s’vala_yana Gr.S. 
4.6.19; 7.10 
SS’S 4.12.8 
A_pastamba 
Dharmasu_tra 2.8.19.3 
KSS 21.3.7 
 
KSS 5.2.17 
 
KSS 20.7.1,4 
 
KSS 7.4.22 

Oldenberg 1886,I: 250-
51 
 
Caland 1953:98ff. 
Buhler 1897, I: 149 
 
Ranade, 1978: 552-53 
Ranade 1978: 229 
 
Ranade, 1978: 545,21 
Ranade 1978: 229 
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Copper/bronze weapons: Harappa [After 5.5 and 5.6 in DP Agrawal, 2000] Copper weapon types; 
Spearhead and splayed blade: Harappa (After 5.8 and 5.9 Harappa 95 
excavations]. 
Bronze spearheads and chisels: Mohenjo-daro [After Fig. 5.24 in DP 
Agrawal, 2000]. Spear/lance-head 
Pl. CXXV, 2: copper, 9.1 in. long, 4.1 in. broad. 
Pl. CXXXV,8: copper, 11.3 in. long, 3.5 in. broad. The blades could 
have been shafted to bamboo shafts.  

 
Bronze weapons: spearheads, blade-
axes, shaft-holed axe; socketed axe 
(37) and other weapons: Mohenjo-
daro. [After Figs. 5.16 and 5.17 in: 
DP Agrawal, 2000] Blade-axe. “The 
general slope of the cutting edge is on 
both sides, except in one case where 
there is a ‘true chisel-edge’, the slope 
being only on one side.” (p.78).  

 
Chanhujo-daro. Utensils. Pl. LXXIII,37: A copper canister fitted with wire loop handles. Pl. 
LXXIII,39. Fluted cosmetic jar with a narrow mouth and a long neck. Other finds. Jar covers, 
scale-pans and beams, blade-axes (some inscribed), adzes, saws, spearheads, daggers, large and 
small knives, razors (u- and crescent-shaped), arrow-heads (tanged – Pl. LXXIII,1 and 13), chisels, 
fish-hooks, awls, rods, tubular drills, ingots and plumb-bobs. ‘Bead-tools’ of Chanhudaro (Pl. 
LXXX, 1-8) used to produce minute steatite beads. A shovel (Pl. LXXIV,13) and a spatula (Pl. 
LXVII,8) were also found. To surmount ceremonial staffs, stave heads (Pl. LXVIII, 4,5,7) may have 
been used. A find of 37 pieces of unfinished castings (perhaps meant for manufacturing 
implements), a bronze rod (13.75 in. long, which may have been an ingot: Mackay 1943: 187) attest 
to a metalworkers’ area. “Heidi Miller has studied 521 objects from Chanhudaro…37 copper 
vessels…There are 334 metal artifacts classified into 15 tool types and no single type makes up 
more than 17.2% of the category. There appears to be a range of tool types with no dominating 
specific type, suggesting that copper alloy tools were used for a variety of purposes. Only three 
copper objects from Chanhudaro are inscribed; type 14, described by Yule as a ‘snarling 
iron’, and two examples of tool type 3A blades.”  [DP Agrawal, 2000, p. 87]. 
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Blade-axes. 
 
Pl. CXXXVIII,1: copper, 8.9 in. Long and narrow type 
Pl. CXXXVIII,7: copper, 4.82 in. long Long and narrow type 
Pl. CXXXVIII,2: copper, 8.25 in., rounded cutting edge. Short and broad type. 
Pl. CXXXVIII,6:  copper, 6.25 in. long, rounded cutting edge, sharply sloped on both sides, butt end 
with a blunt edge. Short and broad type. 
 
Chisel.”The flattened shanks are expressly meant to be fixed in handles. The pointed chisels with 
round sections were means for cutting stone…They were probably employed for simple woodwork, 
and it may be for soft stones, such as steatie, which was very commonly used at Mohenjo-daro. The 
smaller tools were perhaps employed for engraving.” (Marshall 1931: 502). 

Blade-axes, arrow-heads, 
splayed blade, spear-head, 
chisel: Dholavira. [After Fig. 
5.28 in DP Agrawal, 2000]. 
 
Arrow-heads from Harappa 

1995 excavation. [After Fig. 
5.29 in DP Agrawal, 2000]. 

Awl and Reamer.  Pl. 
CXXXV,7: copper, 7.7 in. 

Pl. CXXXV, 11: copper, 9 
in. long. 
Pl. CXXV, 12: copper, 8.2 
in. long. 
Sword dirk. Pl. CXIII,3: 
copper, blade and tang 
15.75 in. long; two rivet 
holes at the junction of the 
tang and the blade. 

 
 

 
  

 

 
Copper arrow-heads and other implements: Balathal, Rajasthan [After Fig. 7.12 in: DP Agrawal, 
2000]. 
 
Bronze ram on stand, DK area, Mohenjo-daro. No. DK 10781.  
 
Bronze. Horned goat from Harappa 1995 excavation. [After Fig. 5.26 in DP Agrawal, 2000]. 
 
Bronze antelope: Mohenjo-daro [After fig. 5.11 in DP Agrawal, 2000] 
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Two views of a bronze buffalo: Mohenjo-daro. No. Sd. 3319. 
 
Rings, knife and blade from Harappa 1995 excavations. [After Fig. 5.27 in DP Agrawal, 2000]. 
 

Copper/bronze weapons including arrow 
heads, DK Area, Mohenjo 
daro [After Fig. 5.23 in DP Agrawal, 2000]. Arrow 
head. Pl. CXLII,12: 1.3 in. long, .5 in. thick. Knife/dagger. Pl. 
CXXXV,3: copper knife, 6.7 in. long, 1.23 in. wide. Pl. CXXXV,6: 
copper, a leather cutter? 6.2 in. long 
Razor. Razors were classified into double-blade, L-shaped, hook-shaped 
and simple-bladed sub-types. The double-blade type was most common. 
‘The blades are always very thin and paper-like, and the tangs which are 
oval in section are not very much thicker. It will be noticed that the two 
blades of a razor are not the same shapes; probably each side had its own 
purpose. They were roughly cut out of sheet metal and the blades 

subsequently spread by means of a hammer before being finally trimmed 
into shape. None of these razors is very large, the biggest that we have 
found being only 2 inches across the blade. It seems unlikely that they 
were set in handles, for in the better preserved specimens the metal tang, 
thin as it is, would suffice for holding blades as light as these.’ (Mackay 
1937-38: 468) (DP Agrawal, 2000, p.79). 

 
Pl. CXXXVIII,11: bronze? 2.2 in. long. 
Pl. CXXXVIII,12: bronze, 2.28 in. across, sharp curved edge. 
 
Saw. Pl. CXXXVIII,8: bronze ‘is of much the same shape as the iron saws used of the present day 
to cut up shell’; 18.3 in. long; 2 holes in the tang for riveting. 
Pl. CXVL,5: irregular teeth like the ones found in a modern saw; riveted to a handle. 
 
Sickle-shaped blade. Pl. CXLIII,25: bronze, 1.95 in. long. 
 
Fish-hook Pl. CXLIII,25: bronze; 1.95 in. long. 
 
Lothal. About 1500 copper/bronze artifacts were recovered. A flat axe with a long narrow blade or 
a broad one. A second type of axe has a thick triangular section. One had a shaft-hole, a ‘crescentic 
sleeved axe’ (Rao 1985: fig. 107).  Dagger specimen range from 1 to 4 inches. Arrow-heads are .75 
to 1 in. long. Razors had curved, L-shaped blades. Three types of chisels were found: 
square./rectangular section with parallel margins; square/rectangular with flat tangs; blade with 
round section. A drill-bit ‘has twisted grooves with a chisel end and works exactly like a modern 
auger. It must have been fitted into a T-shaped frame to bore holes by rotary movement with 
downward pressure.’ (Rao 1985: 532). One type of awls and needles had a pierced eyelet at the 
sharpened end. A partly damaged saw with a curved blade ‘must have been used for cutting grooves 
in ivory and shell objects of circular shape, e.g. gamesmen, rings, etc. or for trephining’ (Rao 1985: 
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533). That five rectangular sink-like brick pavements were a coppersmith’s workshop is surmised 
by the presence of a pot furnace containing ash near each sink as also bits of muffles. Two terracotta 
crucibles, small lumps of copper and a crescentic sleeved axe were also found in this area. Near the 
workshop was found a circular kiln of mud bricks (6ft. dia, 2 ft. 3 in. deep) which may have been 
used for remelting ingots. In a room of a mud-brick structure, a rectangular furnace of burnt bricks 
was discovered; the kiln had ash and fragments of terracotta crucible together with a cubical stone 
anvil. Pointers to copper/bronze manufacture were the finds of: a stone mould for casting pins and 
awls, a copper pin, a broken copper chisel and a hammerstone with a socket for hafting. [DP 
Agrawal, 2000, p. 85]. 
 
Banawali. Copper/bronze finds included: arrow-head, spearheads, a fragmentary sickle blade, 
typical razor, chisels, rings, double-spiralled and simple pins, ear/nose rings and fish-hooks. “There 
are points, a knife and scrapers of bone.” [RS Bisht, 1993, Excavations at Banawali: 1974-77 in: GL 
Possehl, ed., Harappan Civilization: A recent Perspective, New Delhi, Oxford and IBH: 113-24]. 
 

 
Double spiral-headed pin. Manda.  [After Pl. 16.2 in GL Possehl, 1982]. 
 
Rojdi. Chitalwala [YM Chitalwala, 1989, The small finds. In GL Possehl and MH Raval, eds., 
Harappan Civilization and Rojdi, Delhi, Oxford and IBH, pp. 157-97] details the following copper 
artifacts: axe (14.8cm.], bar celt (32.1cm.), paras’u or knife (17.5 cm.), [ One side of the paras’u 
has an ‘endless knot’ design on it. ] ornaments, bangles, toe-ring, rings, pin. 
 
Padri.A unique fish-hook is reported. [VS Shinde and Elizabeth Thomas, 1993, A unique Harappan 
copper fish-hook from Padri, Gujarat, Man and Environment 18: 145-47]. It is 14 cm. Long with a 
barbed point and a loop at the other end and weights 45 gm.”..probably used to catch large marine 
fish…The Indus valley fish-hooks are similar to modern ones and this feature is suggestive of a 
continuity of this culture-trait. The best metallic fish-hooks were probably developed by the 
Harappans, and were certainly superior to those from contemporary sites in Egypt and 
Mesopotamia.” 
 
Surkotada. The site yielded 129 objects, apart from a hoard containing beads and bangles. The 
main finds are: simple blade and crescent-shaped blade, long or short chisel with rectangular section 
long and narrow blade, arrow-head, knife with thin leaf-shaped blade, drill, spearhead with a tang, 
lid with raised edge, socketed axe, fish-hook, antimony rod, bangle, ring, ear-ornament, hook and 
chain. [JP Joshi, 1990, Excavations at Surkotada 1971-72 and Exploration in Kutch, New Delhi, 
ASI: 266-74]. 
 
Late Harappan repertoire. From Haryana and Punjab sites: Bara: bead, fish-hook; Bhagwanpura: 
rod; Dadheri: chisel, hook; Daulatpur: bangle, fish; Hulas: bangle, chisel, ring and wire; Mitathal 
IIB: several pieces of bangle, flat; Raja-Karan-ka-Qila: spearhead; Sanghol: chisel, celts, one 
paras’u (a sort of double-axe). From Swat-Chitral Area: Ghaligai: spearhead, hook; Loebanr III: pin, 
fish-hook, chisel, wire; Bir-Kot-Ghundai: pin, fish-hook, point, wire; Loebanr: [Site of major 
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evidence of copper smithy in a pit containing ashes and charcoal and a chisel] pin, earring, 
knife, pendant, buckle, spearhead, bead; Katedai: pin, earring, bead, pendant, knife, bodkin/needle, 
fish-hook, horse figurine; Butkara II: pin, knife, buckle, earring, hook; Timargarha: pin, toilet 
object, needle, hairpin, pendant, earring, bangle; Zarif Karuna: ring. From Proto-historic Kashmir: 
Burzahom: arrowhead; Gufkral: hairpin with coiled head. 
 

Copper ornaments: Dholavira , Gujarat. Spacers, rings and 
bangles. [After Fig. 5.22 in DP Agrawal, 2000]. 
 
 
 
 
 

Daimabad copper /bronze finds are Late Harappan. Some finds weigh a mighty 29 kg. Used in 
statuary. “The chariot and bull are the most remarkable pieces in the hoard. Its total length is 45 cm. 
And the width is 16 cm. The complete bronze consists of an elaborate chariot yoked to two bulls 
and driven by a man standing within it. Two solid wheels rest over the light body of the chariot. The 
wheels have a projecting hub on the inner side in which the axle is fixed so that it moved along wth 
the wheels. This is an extremely interesting feature. The elephant is the largest of the three animals 
in the hoard. The beast stands on a platform 27 cm. Long and 14 cm. Broad…in all probability the 
bronzes in the hoard belong to the late Harappan period at Daimabad, and that they were probably 
imported from Harappa, or some smith from Harappa made them locally.” [MK Dhavalikar, 1993, 
Daimabad bronzes, in: GL Possehl, ed., Harappan Civilization, Delhi, Oxford and IBH, : 421-26].  
 
Banas Culture (c. 2200- 1400 BCE) 

 
Copper dagger with tang, Chandoli, Maharashtra. [After 
Fig. 6.2 in DP Agrawal, 2000]. The hilt is cut-split and 
beaten back, perhaps to prevent a wooden handle from 
slipping. 
 

Copper celt, Ahar, Rajasthan [After Fig. 7.2 in DP Agrawal, 2000] 
 
Banas culture is marked by painted Black and Red ware (Ahar, Gilund and Kayatha in 
southeast Rajasthan). At Ahar only copper was used. Five axes, one knife blade, one sheet, 
a bangle and two rings of copper hav ebeen found. A chopper (paras’u) from Ahar 
resembles a curved blade from the pre-mature Harappan levels at Kalibangan and 
resembles the modern gan.d.asa of frequent use in NW Bha_rata to cut stalks of wheat, 
barley and rice plants as well as thick grass. This kurad.a hoard from a site called Kurada, 

Dist. Nagaur, Rajasthan had about 20 such copper blades. Agrawala notes three copper arrow-heads 
with two holes each, from 2800-2000 BCE levels at Bagore, Bhilwara dist. Rajasthan. A similar 
arrow-head has been excavated at Indore, Madhya Pradesh. 
 
Ganeshwar Culture 
 
“More than 5,000 artefacts have been reported from a small area. In 1977 Agrawala located a Copper 
Age site at Ganeshwar (RC Agrawala, 1978, Copper celts and an Indus arrow-head from Khulhade-ka 
Johad, Dist. Sikar, Rajasthan, Man and Environment 2: 123-24) about 15 km south west of Nim-ka-
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Thana, a tehsil headquarter in district Sikar, 75 km from the actual Khetri copper deposits of Ahirwala-
Chiplata. Baleshwar and Dariba mines are within 10 to 15 km from Ganeshwar. From this site he 
discovered some copper arrow-heads (without any holes) and a spearhead (RC Agrawala, 1984, 
Ganeshwar Culture—a review, Journal of the Oriental Institute, Baroda 34 (1-2): 89-95)…copper 
objects about a thousand in number. These include 60 flat celts, more than 400 arrow-heads, 50 fish-
hooks, dozens of blades, spearheads, rods, nails, bangles, chisels…all of which belong to the Indus 
typology and not a single specimen is of the Copper Hoards type of the ganga-Yamuna Doab. The use of 
fish-hooks and arrow-heads suggests that the economy of the Ganeshwar people was still largely 
dependent on fishing and hunting. The beginning of Ganeshwar culture, on the basis of pottery analysis, 
may well be pushed back to 3000-2800 BCE…The copper celts from Ganeshwar measure 20 to 25 cm in 
length and weigh between 1 and 1.5 kg. Most of them have round indentation marks on one side. It is 
perhaps significant to note that the indentation marks on the Ganeshwar celts are near the butt end 
whereas those on the Chalcolithic celts from Kayatha and Navdatoli in Madhya Pradesh are on the body 
of the celt, much below the butt end…It is likely that the Kurada celts with four marks were prepared in 
the Ganeshwar region…It is to be noted that Kurada was situated on a trade route which runs west via 
Ganeshwar, Kurada-Pokaran-Phalodi-Jaisalmer-Kot Diji…Copper celts and inverted V-shaped arrow-
heads occur in the pre-Harappan levels at Kalibangan as well, a fact which suggests their supply from the 
Ganeshwar-Khetri region. The Ganeshwar type of arrow-heads are available from the Harappan levels at 
Banawali, in Haryana, as well…The average weight of a Ganeshwar celt is approximately 1 to 1.5 
kilograms. All these flat celts were prepared from moulds by the cire perdue technique. The butt 
portion of the celts has round indentations in groups of four, five, six, eight, nine, 12 and as many as 
15 different combinations of one, two, three, four and six dots. The varied permutations and 
combinations of dots recall somewhat similar marks on the Chalcolithic celts from Navdatoli and 
Kayatha (Ansari and Dhavalikar 1975: 150)…Ganeshwar Complex seems to have played a pivotal role 
in supplying copper artifacts and ingots to the Harappans and the Banasians…” [DP Agrawal, 2000, pp. 
108-101]. Ganeshwar is close to one of the streams of the river Kantli which is at places 2 to 3 km. Wide 
and the river must have facilitated movement or copper ores and artifacts, from Ganeshwar to Kaliban 
and other SSVC centers along the River Sarasvati and also to reach up to the sites on the Drishadvati 
such as Siswal, Sherpura and Sothi. 
  

Copper trunnion celt from the Kurram valley, North-West Frontier Province, 
India. [After Fig. 1 in Robert Heine-Geldern, 1937].  
 
Weapons and trunnion celt of bronze or copper from Tureng Tepe, near 
Astarabad. A closely related trunnion celt was found at Tureng Tepe near 
Astarabad, c. 12th cent. BCE. [After Fig. 9 in Robert Heine-Geldern, 1937]. 
Somewhat similar to the lugged shoulder-axe is the trunnion axe. “About 
twenty years ago in the valley of the Kurram, a tributary of the Indus, near the 
Afghan frontier, a copper trunnion celt was found, the only one ever discovered 
in India, through trunnion celts are rather frequen tin the ancient Near East and 

in Europe.. [An edged imjplement alsoof bronze or stone, occasionally 
iron, having a lug (trunnion) on each side for fastening securely].” 
Trunnion celts are found in Georgia dated to the 12th cent. BCE, a date 
much later than the Lothal and Nepal finds of lugged shoulder-axes. 
[Robert Heine-Geldern, 1937, New light on the Aryan migration to India, 
in: Bulletin of the American Institute for Iranian Art and 
Archaeology,Vol. V, June 1937, New York].  
 
Harita_la, harita_laka  = a pigeon, Columba Hurriyals (Skt.)  
Harita_la = the blade of a sword (Skt.) 
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Harita_la, harita_laka  = yellow orpiment or sulphuret of arsenic (Skt.) ta_laka_bha = orpiment-
like, green (Skt.) 
 
a_la = yellow arsenic, orpiment (Skt.) a_la = name of an ape (Skt.) 
ala = yellow orpiment (Skt.) 
ala = the sting in the tail of a scorpion (or a bee)(Skt.) 
bida_laka = the eyeball (Skt.) 
bida_laka = yellow orpiment (Skt.) 
 
“Only the presence of arsenic/arsenic-rich minerals is attested to and includes a piece of yellow arsenic 
(hartal ) in Sq K 12/14, Mound F (Vats 1940: 80) and a small lump of lollingite found in ‘jar 277’…The 
several pieces and bits of slag found at Harappa are in general contextually associated with post-
cremation urns (cf. N. Lahiri, 1990, Harappa as a center of trade and trade routes: a case study of the 
resource-use, resource-access and lines of communication in the Indus civilization, Indian Economic and 
Social History Review 27(4): 405-44: 413) and not with metalworking or furnace remains. The evidence 
for secondary manufacture is as follows: (i) Crucibles: a shallow earthenware crucible, oval at the base 
and with straight sides (Sq P24/9, Mound AB; Vats 1940: 150) and a fragmentary earthenware crucible 
found in Mound F, near a furnace ‘whose contents show that it was used for melting bronze’ (Vats 1940: 
471, note1). (ii) Unfinished and unworked objects: the most important examples are from ‘jar 277’…In 
addition, attention may be drawn to the numerous pieces of copper weighing about 2 lbs. (Sq Q24/3 and 
4, Mound AB). (iii) Furnaces and metalworking areas: Vats considered the possibility of metalworking 
being done in a number of furnaces which were discovered in Mound F. These furnaces showed three 
types. There is a pottery jar furnace, three-fourths of which is embedded in the ground, showing contact 
with fire. Two cylindrical pits dug in the ground have been found with evidence of fairly intense firing. 
One of them, furnace Fa, is 3ft 4 inches in diameter, with a depth of 3 ft 8 inches. There is evidence of 
slanting flue, which served as an air channel for the furnace. A part of the vaulted roof of the furnace was 
also found lying inside it, and there were flues in this vaulted roof probably as outlets for smoke or as 
gaps to be covered when the heat had to be conserved. Thirdly, there are 13 pear-shaped pits dug in the 
ground, often with a column. According to Vats (1940: 470-74) these were used for metalcrafting.’ 
(Chakrabarti and Lahiri 1996: 50)” [DP Agrawal, 2000, p. 75-]. 
 
Mehrgarh "A lengthy prehistoric sequence has been established at the important site of Mehrgarh in 
Pakistani Baluchistan, where an aceramic occupation beginning around 7000 BCE that formed the 
foundation for the later ceramic Neolithis and Chalcolithic cultures in the region has recently been 
documented. Despite innovations and changes in the prehistoric sequence of the greater Indus Valley, 
there is an essential thread of unity and a strong stamp of cultural identity throughout that underscores 
the essentially indigenous, deeply rooted nature of Indian civilization. While points of contact with other 
regions are attested, they can hardly have accounted for the strength and individuality of civilization in 
the subcontinent." (Potts, 1995, p. 1457). 
 
Mehrgarh (Jarrige, 1984, Chronology of the Earlier Periods of the Greater Indus as seen from 
Mehrgarh, Pakistan, in South Asian Archaeology, ed. by B. Allchin, Cambridge, pp. 21-28) in the 
northern region of Kachhi plains, at the foot of Bolan pass in Baluchistan, has recorded a continuous 
cultural sequence from neolithic thru chalcolithic (turquoise workshop, 1st half 4th millennium 
B.C.) to bronze-age cultures, dated from 7th-6th millennium B.C. (a copper bead, sea-shell belt) to 
2500 B.C. (spiral-headed copper/bronze pin, one flat axe, one chisel, pipal leaves painted on red 
ware). Crucibles used for melting copper were found in the first half of the 4th millennium. The 
dates of Mehrgarh are earlier than the Iranian sites of Tepe Yahya and Tal-i-Iblis, thus recording a 
paradigm change and 'a collapse of the earlier Irano-centric view' of diffusion of chalcolithic 
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cultures from Iran to the Sindhu-Sarasvati valleys (Asthana, 1985, Pre-Harappan cultures of India 
and the Borderlands, Delhi, Books and Books: 16-82).  
 
Quetta. Gold pendants shaped like bulls and vase decorated with lion glyph were some of the the 

finds of the gold hoard from 
Quetta tombs, dated to the 
beginning of second 
millennium BCE. Also found 
were gold necklaces, 
carnelian and chalcedony 
pendants rimmed with gold. 
These are cited as examples 
of influences from 
Baluchistan, northern Iran 

and Turkmenistan after the post-Harappan phases of Sarasvati Civilization. 
 
Mundigak , near Kandahar in southern Afghanistan has yielded a flat blade, a bronze point or punch 
with a circular cross-section (6th millennium B.C.); a lance-head, a knife, sickles and chisels, 
mirrors, double-spiral-headed pins and a buckle (ca. mid-4th millennium B.C.)  
Damb Sada_t, west of Quetta yielded clay seals, copper dagger and knife (3630-2630 B.C.)  
 
Balakot, 88 kms. NW of Karachi yielded copper-bronze objects, native lead and a shell-bangle 
workshop (mature Harappan phase).  

Kot Diji , 25 km. south of Khairpur on the left bank of Indus. Fine 
axe, chisels of copper, some bronze bangles, knife blades, 
arrowheads, beads and shell-bangles.  
 
Antelope motif and two signs of script. Chanhujo-daro.  Joint 
expedition of the American School of Indic and Iranian Studies 
and the Museum of Fine Arts, 1935-1936, Museum of Fine Arts, 
Boston. The forward-arching horns are not known to occur on any 
such South Asian antelope or gazell. A standard device is placed 
in front of the figure. Hardened steatite. Cf. Mackay, 1943, pl. LI, 
21 [After JM Kenoyer, 1998, p. 191]. These and other pre-
Harppan sites right and left banks of the Sindhu river seem to 

predicate a Sindhu-centric view of the evolution, for nearly 5 millennia, of cultural sequences from 
ca. 8th millennium BCE. There are indications of a pre-Harappan culture in Rajasthan. 
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Bagor located on the left-bank of Kothari river and 25 km. west of Bilwara in 
eastern Rajasthan had a microlith industry (5000-2800 B.C.)(Sankalia, 1974, 
The Pre-history and Proto-history of India and Pakistan, Pune, Deccan 
College, 260-64); the chalcolithic phase at this side yielded bits of 
copper/bronze, one spearhead, one thin rod and three arrowheads (ca. 2800 
B.C.) Jodhpura located on the right bank of river Sabi, near Jaipur and 
Ganeshwar, 15 km. from Neem-ka-Thana (37.40N and 75.51E) yielded over 
1000 copper objects (ca. 2500 B.C.): arrowheads, spearheads, fish-hooks, 
spiral-headed pins, celts, thin blades, bangles, chisels. Axes were cast in 
mould and edges bevelled by hot and cold forging. There is a place near 
Ganeshwar called Kulha_d.e-ka_-Johad. (pond of axes). Round indentations 
made with pointed copper drills, in combinations of 1-6 dots, totalling 

between 4-16 
were noticed on 
the butt of the 
celts, indicating 
some ancient 
system of 

numeration. 
Similar 

indentations wre 
noted in later-
day celts found 
at Kayatha and 

Navdatoli. 
Kantali river 
was close to 
these sites and 
this river linked 

up with the Sarasvati near Kalibangan. 
A copper hoard was found at Kurada 
(Nagaur district): 55 rings, 21 curved 
thin blade or choppers, 11 chisels, 9 
bowls, 7 celts. (Agrawala, R.C.,1984, 
Aravalli, the major source of copper for 
the Indus and Indus-related cultures, in 
Frontiers of the Indus Civilization, eds. 
B.B.Lal, S.P. Gupta and Shashi 
Asthana, Delhi, Books and Books, pp. 
157-62).  Very heavy copper 

implements such as celts, harpoons, anthropomorph, double axe and antennae 
sword of the Copper Hoard culture (circa 1500 to 1000 BCE) are related to the Ochre Coloured 
Pottery (OCP) sites. The purity of copper of a high degree and it is surmised that the copper mineral 
resources were obtained from the Lakker mines in Chota Nagpur range of mountains. Some of the 
shapes of these copper objects indicate the influence of metallurgical technology of Sarasvati 
civilization indicating cultural continuity of the metallurgical tradition.  
 

Lothal. Ivory 
scale with 
divisions 
measuring on an 
average 1.704 
mm. 
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Narmada skull discovered in north central Bharat. Over 300,00 years Before Present. 
Associated with Acheulean stone tools. (After Kenneth AR Kennedy, 1982, ‘Skulls, Aryans and 
Flowing Drains: the Interface of Archaeology and Skeletal Biology in the Study of the Harappan 
Civilization’ in: G. Possehl ed., 1982, Harappan Civilization, OUP, New Delhi) 
The region of the copper hoard finds is not far from the place where the Narmada skull was found. 

 
Sothi (Bikaner), on the banks of Sarasvati and Jalilpur, 78 km. SW of Harappa has yielded copper 
or bronze rods. Kalibangan (ca. 2900 B.C.), on the left bank of the Sarasvati river also recorded 
Sothi ware and copper bangles, an axe, a paras'u and over 100 copper artefacts. Pre-Harappan levels 
of Kalibangan have recorded only three copper objects: a curved blade (chopper), a celt and a 
bangle (Lal, B.B.,1979, Kalibangan and the Indus Civilization, in: Essays in Indian protohistory, ed. 
D.P. Agrawal and Dilip Chakravorty, Delhi, BR Publishing Corpn, pp. 65-97) Agrawala (1984), 
however, reports 56 copper objects: antimony rods, rings, wire pieces, lumps, bangles, pins, 
arrowheads, beads, rods, celts. The Harappan period extended this repertoire to include: hooks, 
chisels, spearheads, knives, awls, nails, blades, ear-rings, drills, daggers, needles, razors, mirrors, 
figures of bulls.  
Banawali, 15 km. NW of Fatehabad on the Sarasvati River had a house with several hearths, ovens 
and fire-pits. There were bangles of copper, shell and faience. Products: arrowhead, bangle, 
spearhead, sickle blade, razor, chisel, ring, double-spiralled and simple pin, ear/nose ring/fish-hook 
(R.S. Bisht, 1982, Excavations at Banawali, in: Harappan Civilization, ed. G.L. Possehl, Delhi, 
Oxford and IBH Publishing Co., pp. 113-24).  
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Kalibangan products: celt, hammer, bangle, arrow, fish-hook, axe, paras'u, mirror, pin (B.B. Lal, 
1979, Kalibangan and the Indus Civilization, in: Essays in Indian Proto-History, eds. D.P. Agarwal 
and D.K. Chakrabarti, Delhi, B.R. Publishing Corpn., pp. 65-97).  
 
Gamanwala had an extent of 27.3 ha. and Ganweriwala of 81.5 ha. (almost as large as 
Mohenjodaro) and were industrial sites on the banks of the Sarasvati River close to the Cholistan 
desert. Some sites were specifically for melting and fabrication of copper objects. At Siddhuwala 
Ther, located near Derawar, Sir Aurel Stein had discovered a number of kilns and a copper ingot. 
(Mughal, M.R., 1982, Karachi, Archaeological Surveys in Bahawalpur, Dept. of Archaeology and 
Museums, Govt. of Pakistan). 
 
Warfare in Mesopotamia 
 
The study of minerals and metals in the extended region of the civilization, during the third 
millennium BCE, can be related to the evidence for warfare in Mesopotamia, in Sumer, in 
particular, which did not have indigenous mineral resources and had to draw upon the resources 
available from the neighbouring regions. 
 
By the Early Dynasty III period, the Mesopotamian craftsmen had mastered the techniques for 
working copper, lead, silver, gold and tin. The Royal Cemetery at Ur has yielded a corpus of metal 
work where true tin bronze is found, apart from the common arsenical bronze and precious metals: 
gold, silver and electrum. Metal blades were produced in many sizes to serve as arrows, spears, 
daggers. Also found are sickles and hoes. Axes come in many shapes and sizes, some cast and some 
hammered with the tang beaten round a haft (See the drawing of a Sumerian soldier carrying spear 
and axe.) (Crawford, H., p. 133). Muhly (1983) quotes a passage from the late third millennium 
Laws of Eshnunna that a workman issued with tools for the harvest must return the same weight of 
metal at the end of the season, even if some of it is scrap. This is an indication that temples had 
metalsmithies where metal could be melted down and recast. Simug was the metalsmith.  
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Warfare in Ancient Sumer 
 
Copper tools predominate in Sumer by Ur III period (2380-2360 B.C.) In Sumer, the early urban 
civilization of southern Mesopotamia, kings used writing to record and commemorate significant 
military victories.  
 
A warrior, ca. 2500 B.C. with helmet, battle-axe an d sickle-sword;  
a small plaque of engraved shell from the ancient city of Mari on the 
Euphrates (Musee National de Louvre, Paris) 
 
The standardized equipment of bodyguards were: a copper helmet,  battle-
axe, the dagger and a heavy spear. The early spearheads had long tangs, 
which were thrust into the spearshaft. A hook was formed at the end of the 
tang to firm up the attachment to the shaft. The blade of a Mesopotamian 

battle-axe was round, designed to pierce helmets and 
skulls and slash gaping flesh-wounds.  
 
Head of a soldier wearing a helmet fastened with 
a chin strap . Mari (modern Tell Hariri) Palace. C. 
18th cent. BCE. Aleppo Museum. (Jack M. Sasson 
(ed.), Civilizations of the Ancient Near East, p. 889). 
 
"Mari on the Euphrates... The palace administration was responsible for the 
provision of arms, munitions, and siege equipment. King Zimri-Lim wrote while 

on a military campaign to order further supplies of arrowheads: 'To Mukannishum [his official in 
the palace] say this, Thou speaks your lord. When you hear this letter read, have made: 50 
arrowheads of 5 shekels [40 grams] weight in bronze, 50 arrowheads of 3 shekels, 100 arrowheads 
of 2 shekels, 200 arrowheads of 1 shekels. Give orders to have this done at once. Then have them 
put in store to await my further instructions. I suspect the siege of Andariq will be prolonged. I shall 
write to you again about these arrowheads. When I do write, have them brought to me as quickly as 
possible.' Anothe letter from the king to the same official orders him: 'When you hear my letter read 
to you, have made 1,000 bronze arrowheads at 1/4 shekels [2 grams] each. Have them made from 
the red bronze at your disposal, and have them sent to me at once.'.. Later, when Shamshi-Adas's 
son Yasmah-Addu was installed as vice-regent at Mari... in a letter to his son, Shamshi-Adad 
ordered 10,000 arrowheads to be made, requiring almost five tons of bronze. Some of the bronze for 
the job had to be transported from Assur since the Mari palace armourers did not have enough 
stock. The accounts were kept straight    Watkins, 1989, The Beginnings of Warfare, in: General Sir 
John Hackett (ed.), Warfare in the Ancient World,  London, Sidgwick and Jackson Ltd.) 
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Detail from the 'Ur-Nammmu Stela', found at Ur, showing the 
King Ur-Nammu (ca. 2112-2095 BCE) officiating at a temple-
building ceremony. He caries the tools of a builder: axe, basket, 

builder's dividers, ladle for bitum mortar, 
and a flat wooden trowel (after Woolley 
1974: pl. 41a; cf. PRS Moorey, 1994, 
fig. 19, p. 303). 
 
Crescent axe in Egypt of Asiatic origin, 
Twelfth Dynasty  painting. 

 
Vulture-stele (upright monument carved with reliefs and 
inscriptions) of Eannatum, Patesi of Shirpurla, Lagash 
leading his troops inbattle and on the march (ca. 2500 
B.C.); abandoned bodies are shown being picked by 
vultures. [Louvre Museum; Dec. en Chald., pl. 3 (bis)]; 
inscription records his victory over Ummaites and treaty of 
peace forced upon them; upper register: Ur-Nina, king is of 
colossal size and is standing; he balances a basket (perhaps 
containing clay and foundation brick for the temple of 
Ningirsu) with his right hand; the inscription written 
alongside mentions the temple of Ningirsu; lower register: 
the king is raising his cup offering a libation; all figures are 

clad in Sumerian short woollen skirt, called 'kaunake'.  
 
Phalanx of Sumerian soldiers armed with copper-tipped 
spears; relief on a stele from Tello, Mesopotamia, 3rd. 
millennium BCE.  
 
The light infantry wear no protective armour and carry no 
shields; each holds a long spear in the left hand and a battle-
axe in the right. Massed ranks of helmeted spearmen are 
behind a front rank of men bearing sheilds; these soldiers 

were trained, uniformed and equipped to fight as corps. The vulture-stele shows that the long 
lance or spear is grasped by both hands and is the principal weapon of offence. Axe, dart, club or 
mace, a curved weapon and a short lance were also in use. Eannatum is bearing the curved 
weapon, a number of double-pointed darts and a long lance; he is in the act of piercing the head 
of a vanquished foe with his lance, which he holds horizontally over his head at the extreme end.  
Baked clay balls, copper arrows, spears, axes and stone clubs were discovered in the pre-
Sargonic strata at Nippur. 
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Silver Dagger, Harappa , 2700 BCE. National Museum, New delhi. 
Two holes near the tang, mid-rib. [After Pl. 19 in Sayed Jafar 
Mahmud, 1988, Metal technology in Mediaeval India, Delhi, Daya 
Publishing House]. 
 
The most frequently occurring weapons at Mohenjo-daro are: celts, 
axe-adzes and saws. [EJH Mackay, p. 454]. 

 
Banawali. Copper and bronze toolsweapons and ornaments. 
Harappa period. [After Fig. 4 in R.S. Bisht and S. Asthana 
Recently excavated Harappan sites in: Maurizio Taddeo 1979 
South Asian Archaeology 1977 Naples]. 

 
Arrow-heads 
 
Arrows as shown in: Punch-marked coin; Tribal coin; Taxila excavation. [After 
Fig. 141, Nos. 6,7,8 in: GN Pant, 1978]. 
Bows and arrows as depicted in Gupta  coins [After Vidya Prakash, 1967, 
Khajuraho, Bombay]. 

SSVC Arrow-heads.  
Thin copper pieces, 
narrow barbs without 
tang. 1.19 in. long, .64 
in. wide and .07 in. 
thick. The arrowheads 
are inserted into 

bamboo-splits or wooden shafts. [After Fig. 79, GN Pant, 1978].  

 
“The bow and arrow are simple weapons having a continuity right from the prehistoric times. It is 
quite probable that being the cheapest and easily available weapon it was popular and was found in 
the smaller houses (of DK Area) which were in all probability in occupation of soldiers and the 
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people of similar status…Mackay observes that the tie-holes were made for this purpose in arrow-
heads of almost identical form from Zafer Papoura, Crete. (Hall, Aegean Archaeology, p. 251). The 
bronze arrow-heads found at Mycenae have three tie-holes for fixing it to the shaft. (Wace, 
Archaeologia, Vol. LXXXII, p. 59). But these are of later date…The average length of the ‘Indus’ 
arrow-head is 1.19 inches, breadh 0.64 inches and thickness 0.07 inches. All these are, more or less, 
of one type. While a few stone arrow-heads have been found at Harappa, no such specimen is 
known from Mohenjo-daro…The majority of the tools is of copper.” (GN Pant, 1978, p. 35). 
 
Arrowheads from Banawali (Rajasthan).  The larger example resembles those from Ganeshwar. 
About 400 arrowheads were discovered in Ganeshwar with about 1 percent arsenic content. 2. 
Copper objects from Bagore (Rajasthan). Period II (2800-2000 BCE) which were provided with two 
holes each to be fixed to a wooden shaft using a thin wire. Ganeshwar variety of arrowheads were 
found in negligible numbers at Kalibangan, Lothal, Harappa, Mohenjodaro and Chanhudaro 
(Marshall 1931: Pl. CXLII, no.13; Mackay 1938: Pls. CXXI, CXXVII,CXXXIII; Vats 1940: 383-
84, Pl. CXXV, nos. 13-14). 
 
[After Fig. 11.2 and 11.3 in: RC Agrawala and Vijay Kumar, Ganeshwar-Jodhpura Culture: New 
traits in Indian Archaeology in: GL Possehl,  opcit., 1982]. 
 
Knives and daggers 
 
“It is difficult to discriminate between knives and daggers. Most of these specimens unearthed 
might have served both the purposes, like the mediaeval European dagger which was used for 
cutting meat at the dining-table and also for killing an enemy in the field.” (GN Pant, 1978, p. 36). 
Mackay has grouped the knives under the following headings (Mackay, p. 462): 
 
Broad leaf-shaped blade (Pl. CXV 11; CXVII 9; CXIX 5; CXX 4,5,10,11). This type has been 
found in good numbers. The blade is broad, leaf-shaped, double-edged and long. Except one (No. 5, 
Pl. CXX of Mackay), which is of bronze, all others are made of copper (Pls. CXIII6; CXXVII 4; 
CXXIX 8; CXXXIII 21, 24,28). In some examples, a copper strip is wrapped round the short tang to 
thicken the tang. 
 
Leaf-shaped blades with curved tips. A few specimens of copper have been found at Harappa. 
(Annual Report of the Archaeological Survey of India, 1926-27, Pl. XXII 4-5). 
 
 Narrow, straight knives (Mackay, Pl. CXIX 2; CXX 8,12,25; CXXX 19,20,23,24). Small copper 
knives with narrow edges and blades show signs of repeated sharpening. The longest of this type is 
about 5 inches long. 
 
Mohenjo-daro. Knife with a re-curved point  Principally a cutting weapon, perhaps used for cutting 
fine leather. [After EJH Mackay]. Triangular knives with upturned points (Mackay, Pl. CXX 22,23; 
CXXII 4,5). One knife has been found at Harappa (Annual Report of the Archaeological Survey of 
India, 1926-27, Pl. XXII 12). and two at Mohenjo-daro. A similar knife has been found at Egypt 
(Petrie, Tools and Weapons, Pl. XXIV 23). 
 
Narrow curved-edged knives (Mackay, Pl. CXIX 3; CXX 24; CXXII 2,3; CXXX 22,27). Five 
copper knives found at Mohenjo-daro. 
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Holl-backed knives (Mackay, Pl. CXX 13; CXXII 11). Only one specimen of copper found at 
Mohenjo-daro. Thick concave back sharpens towards the convex edge. 
 

Broad curved-edged knives (Mackay, Pls. CXIX 3; CXX 16; CXXX 28). Three 
copper knives at Mohenjodaro with tangs riveted to the blade. A fragment of 
wooden handle stick to the tang with three rivets set in a triangle is seen in 
Mackay Pl. CXXX 23. The piece of wood was split to insert the tang and a 
portion of the blade. The commonly used wood for such handles is of dalbergia 
sissoo (called yali_). 
 
Ebony: s'almali wood used to make chariot-wheels (RV. x.85.20)(Vedic.lex.) 
s'a_la the tree vatica robusta or shorea robusta (MBh.); sa_la shorea robusta 
(Pali.Pkt.); sa_l (P.N.B.H.M.); xa_l (A.); sa_l.a (Or.); sal, hal the tree vateria 
acuminata (Si.)(CDIAL 12412). ca_lam sal; Ceylon ebony; tree (Ta.lex.) 
yamakasa_la_ pl. the two sa_l trees between which Buddha died (Pali); imal pair 
of sa_l trees (Si.)(CDIAL 10423). cf. karumaram shorea robusta, ebony 
(Ma.)(DEDR 1282). cf. tumpi Ceylon ebony, diospyros tomentosa (Ta.)(DEDR 
3329). cf. ke_ndu a kind of ebony, diospyros embryopteris (SKt.)(CDIAL 3464). 
Vatica robusta: ca_lam Ceylon ebony; ca_li id. (Ce_tupu. Ce_tuvan. 9)(Ta.lex.) 
 
Shorea robusta: Gudea of Lagash, a Mesopotamian ruler seems to have imported 
from Magan (perhaps Makran, southern Iran and the Gulf): timber, haluppu 
wood (ha-lu-ub = tatitu, haluppu, eastern species of oak), musukannu (mis-ma 
kan. na) or mesu wood, makkanu (gisgis'immar), 'magan reed' (bamboo), magan 

onion (? or garlic or asafoetida which grows in the Kerman region) (sum.sar.ma.ganki), diorite 
(na.esi = us'u_; an alternative interpretation is that gis'.es'u may be a wood resembling diorite, and 
therefore hard and black, perhapys ebony), red ochre, carnelian, semi-precious stones, often beads... 
haluppu wood was not a wood used for ship-building, but for furniture, chariots, buildings. Mesu 
wood was used for vehicles and furniture... this is called yaka_ by Darius ('came from Gandara and 
Karmana) and giss'e-i; dalbergia sissoo (used for ceiling rafters at Mohenjo-daro, boats and 
agricultural implements) is called yax or jag in Kerman (cf. yaka_ old Persian) (Shereen Ratnagar, 
Encounters, the Westerly trade of the Harappa Civilization, Delhi, OUP, 1981, pp. 39-41; pp.104-
105; Gershevitch, I., 'Sisso at Susa', Bulletin of the School of Oriental and African Studies, 19: 317-
20, 1957). Semant. hal (Si.)(CDIAL 12412) and haluppu wood imported into Mesopotamia by 
Gudea of Lagash. sa_l the tree shorea robusta, vatica robusta (dipterocarpaceae) found in the west 
of the Jammu river, in the Siwalik region below Kangra. The timber is hard, heavy and durable, and 
is one of the best possible for all purposes where great strength is required and weight is no 
objection. The resin (ra_l zard) which exudes from the tree is used medicinally and in the arts; a 
kind of sugar press used in the Simla hills (Punjabi.lex) 
 
Varieties of daggers found  
 
Knife-cum-daggers. Specimens which could have been used both for thrusting and cutting. 
 
Shoulder daggers with abrupt shoulders. Most of these are made of bronze and were not riveted to 
handles. 
 

Double 
curved knife  
(Mackay, Pl. 
CXX 14). Only 
one specimen 
found at 
Mohenjo 
daro.  
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Daggers with mid-rib. A sharp tang might have been used to insert it into the handle. Daggers with 
mid-ribs have been found at later levels. 
 
Narrow double-edged daggers. Found at earlier levels. 
 
Razors 
 
Razors of four types are known, the common types are with a long handle. 

 
Saws 
Lothal. Circular saw (bronze).  [After Pl. LX-A in SR Rao]. 
The cutting edge of saws is semi-circular and serrated. Flaked stone celts upto 
ten inches long might have been used for cutting. Ribbon-flakes of chert 
separated from prepared cores have also been 
discovered. 
 

Swords 
 
Mohenjo-daro. Incscribed blade (of sword?) 
 
Left: Dirk from Hardoi; Right: Dirk from Mohenjo-daro. The 
two holes at the bottom are for hafting to the shaft. [After Fig. 81 
GN Pant, 1978]. A handle of stag’s horn, four inches long and 
one inch dia has been discovered. It is likely that this was used 
as a hilt for a dagger. 
 
The axial center of the casting is thick to constitute the mid-rib 

of the finished weapon after hammering. Two pottery-models of shaft-hole axes from Mohenjo-daro 
and a bronze specimen from Chanhujo-daro indicate that the weapons were hafted onto  wooden or 
bamboo handles. 
 

“These swords are double-edged and indicate an advanced craftsmanship. They are well shaped 
and heavy for their sizes. Most of these are in a good state of preservation. One figured as No. 3 
in Pl. CXIII of Mackay [EJH Mackay, 1938, Further Excavations at Mohenjo-daro, Vol. I, New 
Delhi, p. 467 (cf. Pl. CXVIII 9), is a long, narrow, copper weapon found in a hoard. It measures 
15.75 inches in length and its maximum thickness is 0.4 inches. There are two rivet holes at the 
junction of the tang and the blade. The tang is rectangular and its thickest part is 0.65 inches 
wide. The blunt edges and point of the blade would suggest that it was unfinished. Another 
piece (No. 9 in Pl. CXIX of the same hoard) (cf. Pl. CXX 17) is of copper and 18.5 inches long 
and 0.48 inches thick at the junction of the blade and tang. Its point is not sharp. The two rivet 
holes, slightly chamfered pierce the blade close to the tang. A stout medial-rib runs down the 
blade on both sides. It is not very heavy and weighs only 1 ½ pounds. It was perhaps used for 
slashing and not for thrusting. A broken copper casting No. 5 in Pl. CXXVIII of Mackay [Cf. 
Pl. CXXI 19) is 3.2 inches long, 1.21 inches wide and 0.22 inches thick. It appears to be the 
point of an unfinished sword. Thus, these three, along with another of similar type with a slight 
median thickening and diamond-shaped section, represent short swords or dirks. ‘We have no 
evidence that either of these weapons was an importation, indeed it would be difficult to say 
whence it could have come, for nothing of the kind has yet been found at Elam at this early 
period and only one example is reported from Sumer, at Telloh whose blade and hilt measure a 
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trifle over 16 ¾ inches long (Heuzey, Descouvertes en Chaldee, Vol. 1, p. 386). Swords are just 
as rare in Egypt as they are in Sumer, and a weapon of very similar shape to our second 
specimen found in Egypt, but of much later date, is regarded as an importation from either Syria 
(Flinders Petrie, Tools and Weapons, Pl. XXXIV, fig. 40) or Cyprus.’ (EJH Mackay, p. 467). 
 
“A similar sword has lately been discovered by Flinders Petrie at Tell el Ajjul in Southern 
Palestine (Flinders Petrie, 1931 Ancient Egypt, 1931: p. 38, fig. 4) which is made of copper but 
is more tapering in shape. It has been dated to the Sixth Dynasty of Egypt. Mackay has rightly 
observed, ‘Thus in India, Sumer and Palestine the short sword was used as early as or before 
2500 BCE, but to what country its invention should be ascribed is, at present, very uncertain.’ 
(EJH Mackay, p. 467). In view, however, of the great probability that the sword was derived 
from the dagger, it might easily have been invented in each of these countries independently.” 
[GN Pant, 1978, pp. 33-35]. 

Lance-heads 
Mohenjo-daro. Lance heads.  Left: A repeatedly sharpene3d lance-
head has become short and almost looks like a knife blade (Pl. CXVII 
9). A long, bronze spearhead comes from SD area, measures 15.3 in. 
long, 4.8 in. wide and .15 in. thick. [After EJH Mackay; Pls. CXX 1-
3; CXXIII, 2,3,5,8; CXXIX 3,5]. Another lance-head 10 in. long 2 in. 
wide and .13 in. thick has been found without tie-holes. (Pl. LXXI.33; 
CXIII 7; CXVII 8,11; CXX 7,9] 

 
Leaf-shaped lance-head with 
two holes near the tang for 
hafting [After Pl. CXVII, 11 
in: Mackay] The lance-heads 
are comparable to spear-heads 
but are so called because of the 
smaller size of blades. The 
average length is 3 to 4 inc. 
They are made of  copper, double-edged and 
pointed. 

 
Spear-heads 
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Inscribed spear-head. Some weapons found at Mohenjo-daro are 
bronze with a substantial percentage of tin content to make the 
weapons hard. The discovery of an open hearth with charcoal at 
Mohenjo-daro indicates that copper was smelted at this site; a quantity 
of ore and ingots have been found at the site. There is a possibility 
that the metal-workers of Mohenjo-daro obtained the copper and tin 
ingots for manufacturing the alloyed weapons and tools. 
 
Leaf-shaped spear-heads without holes. [After Mackay]. The broad 
blade may also have served as a sword for slashing. The absence of a 
mid-rib is notable in these specimens. There are no holes and  samples 
3 to 5 have tangs which might have been inserted and tied into shafts 

or bamboo-splits. 

 
Top row: 1. Arrow-head type; 2. leaf-shaped with point missing; 3. leaf-shaped with tang missing; 
4. broad leaf-shaped; 5. leaf-shaped; 6. upper-half missing; 7. tapering towards the end. 
Bottom row: 8. pointed; double corners; 10. longest spear-head from SD area (15.3 in. long); 11. a 
long spear-head; 12. damaged spear-head; 13. damaged spear-head. 
 
Axes 
 
Two types of blade axes or celts have been found: long and narrow; short and broad. Most of these 
types are also found in the Middle and Near East. Stone prototypes of both types are common in 
Northern and Central India. (John Marshall, Vol. I, p. 35). It is possible that some of these were also 
used as adzes. 
 

Adze. Old Babylonian 
terracottaplaque showing a 
woodworker using an adze to 
make a table leg. The earliest 
representation of a near 
eastern cabinetmaker. The 
leg curves at the bottom and 
ends in a decorative foot, 
shown braced by the 
cabinetmaker’s toes as he 

works with the heavy adze. The cabinetmaker sits on a stool. 
Louvre Museum, Paris. [After Fig. 8 in: Jack M. Sasson (ed.), Civilizations of the Ancient Near 
East, p. 1653]. ca. 1900 1700 BC; 8 X 7.6 cm. (After Fig. 1 in PRS Moorey, 1994, p. 201). 
 
Fragment of a Mosul Marble relief of the time of Sennacherib showing workmen with iron (?) saws, 
shovels (or spades), and pickaxes; from a scene of quarrying (After Fig. III B in: PRS Moorey, 
1994). 
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Detal from a scene carved on an Akkadian cylinder seal (ca. 2350 
2100 BCE) showing a deity using an adze to trim or cut a tree (after 
Tallon 1987: i, fig. 17; cf. PRS Moorey, 1994, fig. 24, p. 354). 

 
 

Working end of the axes has a crescent shape 
and is double-convex. The butt is either straight 
or slightly rounded. 
In specimens C and D, the edges are splayed. 
A.: Double-edgged axe, deeply curved, 
Bhagarapir, Orissa 
B. Double-edged axe, less curved, Bhagarapir, 
Orissa. 
C. Double-edged axe from Harappa. 
D. Double-edged axe from Harappa. 
[After S.P. Gupta, 1963, The copper hoards: the 
problems of homogeneity, stages and 
development, origin, authorship and dating, 
Journal of the Bihar Research Society, Vol. 49, 
Patna, pp. 1-7]. 

 
Axe specimens from: Sarthauli; 
Gungeria; Dunria; Gungeria. 
[After Figs. 130 to 133 in GN 
Pant 1978]. From Left: The axe 
from Sarthauli is perhaps a 
paras’u (State Museum 

Lucknow). 6.5 inches long 9 inches wide (BB Lal1951 p. 29 Pl. 
VIIB 1 figs. 4 6). Battle –axe; 18.5 in. long 15.75 in. wide. The shapes are comparable to those 
found in Harappa. 
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Mohenjo daro. Shaft hole adze axe. [After BB Lal, 1951, Further 
copper hoards from the Ganga Basin and a review of the 
problem, Ancient India, No. 9 (January, 1951), pp. 20 39]. The 
adze axe occurs at Hissar IIIC and Turang tepe between 1200 
and 1000 BCE. (Heine Geldern, 1936, pp. 94 98). 

 
Shaft-hole copper axe; comparable to flat types from Gungeria. Shahi-tump 
(Peshawar Museum). [After J.Coggin Brown, Annual Report of the 
Archaeological Survey of India (93-4), p. 247, Pl. LXVIIC; cf. p. 246, Pl. 
LXVIIB]. This ‘Kurram axe’ is said to have parallels in the Mediterranean, 
Transcaucasia and Iran (c. 200 to  
000 BCE). 

 
 
Mohenjo-daro. Two views of a socketed axe-adze.  

0.5 in. long. A projecting 
socket  
.7 in. dia. Horizontal 
blade is 2.52 in. wide 
and the axe-blade 3.5 in. 
wide. [John Marshall,  
93 , MIC, Vol. III, Pl. 

CXXXVIII, 6]. 

 
Mace-heads 
 
Mace-heads were made of stone and stone (alabaster, sandstone, cherty limestone and green-
coloured stone). Copper mace-heads have been found at Harappa where the pear-shaped mace-head 
was common. A copper or bronze mace-head has also been found at Chanhujo-daro in a late 
Harappan context. Some types were lentoid and circular. An hour-glass type of perforation is made 
at both ends of the mace-heads to be lashed to leather thongs. Mortimer Wheeler noted that similar 
maces were found at Susa, Egypt, Caucasus and in pre-historic Europe. (Mortimer Wheeler, 1968, 
The Cambridge History of India, Suppl. Vol., p. 76). 
 
Missiles 
 
Three types of missiles were found at the foot of the citadel at Harappa; about 98 pieces were 
discovered from the parapet of the tower. A large hoard of potter balls were reported from the area 
south of this location. (John Marshall, 1931, Vol. II, pp. 465-467): 
 
Clay (perhaps sling-) pellets (round or ovoid) about an inch dia., 2 to 2 ½ in. long 
Lumps of clay compressed and baked weighing about six oz. 
Lumps of clay baked weighing about 12 oz. 
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Armour 
 
“Several small domed pieces of copper, each perforated with two holes, have been found…Thesse 
were perhaps sewn on to a garment and used as a coat of mail. (John Marshall, Vol. II, p. 533; Vol. 
III, Pl. CXLIII; Mackay, pp. 54, 19; Pl. CXL 54,66). In the National Museum, New Delhi several 
such pieces, belonging to the 16th-17th century AD, stitched together on a cotton tunic to form a 
body armour, are preserved. But no other evidence of body armour or helmet has been traced. 
Shields, too, are unknown although certain pictographs in the Harappan in the Harappan seals may 
represent men holding shields.” (GN Pant, 1978, p. 40).  
 
Harappan civilization: copper/bronze tools: flat axes with splayed out sharp edge, straight-ended 
chisels, sickles, knives with a curved end, straight and curved saws, planer-bits, drills, awls, 
arrowheads, spearheads, curved fish-hooks with a loop at one end and a sharp conical projection at 
the other, curved-in razors, circular mirrors with a tang perhaps inserted into an ivory handle, 
hairpins with single-or double-spiral heads needles (some with the eye near the pointed end), nails, 
chains. Late Harappan level of Chanhudaro yielded an axe with a shaft hole (two models of this 
type in clay are seen in Mohenjodaro); one example of an axe combined with an adze with a shaft 
hole has been found in a late level in Mohenjodaro. 
 
Copper-bronze artefacts from Mohenjodaro exhibited at the Mohenjodaro museum (Dr. Abdul 
Jabbar Junejo and Mohammad Qasim Bughio, 1988, Cultural Heritage of Sind, International Arabi 
Conference, University of Sind, Hyderabad, Sindhi Adabi Board); out of 13 artefacts analysed. 6 
were found to contain between 4.51% to 13.21% tin; the artefacts were: bronze rod, bronze button, 
bronze chisel, bronze slab, bronze chisel and bronze lump. 
 
Copper bronze objects from mature levels of Kalibang an. 
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Lothal. Shoulder-axe  (copper/bronze) [After Pl. LXI in SR Rao]. 
Lugged shoulder-axe , Sitapur. 
Copper. National Museum, New 
Delhi.  

 
“The lugged shouldered axes described and illustrated here represent a different variety among the 
axes generally found in the Copper Hoards…with concave or straight edges. It has a prominent 
elliptical or convex sharp working edge with a straight sided butt-end…The weapon is characterized 
by one pair of lugs projecting from the center of the two sides. The lugs were meant to facilitate 
hafting…Axes of this atype were reported from Kathmandu Valley in Nepal, the Kanpur-Unnao 
border region, Lothal (referred to as an anthropomorphic figure—dated c. 1900 BCE) and in 
Rewari, Haryana (dated c. 2900 BCE) (R. Yule, 1982, Metal work of the bronze age in India, 
Munich).” [DP Sharma, 1998, Two unique lugged shouldered copper axes from the National 
Museum of India Collection, in: Vibha Tripathi, ed., Archaeometallurgy in India, Delhi, Sharada 
Publishing House, pp. 292-296]. 
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Furnaces (kilns) for stoneware bangles (with epigraphs), ceramics and metals 
“The oldest high-fired stoneware ceramics in the world 
were crafted by the Indus artisans into a standard 
ornament worn as a bangle or possibly carried as a ring 
of office. Each bangle bore a tiny inscription only 
visible on careful examination…After careful 
preparation the four or five bangles with tiny 
inscriptions were place in a small canister that was 
stacked with other canisters and plastered with a 
mixture of clay and straw. A single sign of the Indus 
script, possibly a sacred symbol to ensure a successful 
firing was traced on the wet plaster. This stack of 
canisters was then placed inside a larger jar, covered 
with clay and sealed with a square stamp seal. Each 
stage of manufacture and firing appears to have been 

accompanied by 
some use of the 
script, effectively 
controlling and 
protecting the 
production.” (J.M. 
Kenoyer, 2000, 
opcit., p. 75). 
Diagram of canisters and containers for stone-ware bangles 
(After Halim and Vidale 1984, fig. 63).  
 
Stoneware bangle and inscribed bangle fragment. 

Mohenjodaro. 

 
Use of Zinc 
 
Va_gbhat.a mentions three alloys: kam.sya (bronze: 80 parts copper 20 parts tin: Rasa Ratna 
Samucchaya (RRS), Ch. 5/205; ri_tika, ka_katun.di  (brass: copper and zinc; RRS Ch.5/191-192); 
and varta loha (alloy of brass, copper, bronze, iron and lead; RSS, Ch.5/212). [K. Nagesh Rao and 
PR Rangesh, 1998, A scientific analysis of iatro-metallurgical practices of ancient Indians, in: 
Vibha Tripathi, ed., Archaeometallurgy in India, Delhi, Sharada Publishing House, pp. 141-147] 
High-zinc brass is referred to a_raku_t.a in Arthas’a_stra. Ra_ma_yan.a (2.105.4; 3.14.15) also 
refers to kam.sya, a_raku_t.a and ta_mra referring to the mineral ores found in rocky uplands. 
Rasajalanidhi, an alchemical text refers to varta-loha as ‘an amalgam of bell-metal, copper, brass, 
iron and lead. It is also called pan~ca-loha (amalgam of five metals)…Tri-loha is ‘twenty-five 
parts of gold, sixteen parts of silver, and ten parts of copper, melted together, form what is called 
triloha’ (B. Mookerji, repr. 1984, Rasajalanidhi, 5 vols., Ahmedabad, III: 147; III: 152). 
 
There is a distinction between bell-metal and brass. kam.sa is bell metal; a_raku_t.a, ri_ti  and 
pittala  are the terms used to connote brass. In CDIAL 966, ri_ti  is interpreted as yellow brass, bell-
metal; Apte’s lexicon expands the meaning to include, ‘rust of iron’; while Monier-Williams’ 
lexicon (1872: p. 847) provides the following meanings: ‘brass, bell-metal, pale brass, calx of brass, 
rust of iron, scoria of any metal or oxide formed on the surface of metal by exposure to heat’. Bell-
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metal vessels are fees for the performance of yajn~a (Gobhila Gr.hyasu_tra: 3.2.35,45; Oldenberg 
1892,II: 74-75). 
 
The presence of zinc in a Lothal artefact (2200-1500 B.C.) (No. 4189) assayed: 70.7 percent copper; 
6.04 zinc; 0.9 Fe, 6.04 acid-soluble component (probably carbonate, a product of atmospheric 
corrosion). The zinc and other components could have come from the Ahar-Zawar area, Rajasthan. 
The next dated brass artefacts are: from the Gordian tomb in Phrygia of the eigth and seventury 
B.C. and Etruscan bronze of the fifth century B.C. containing 11 percent zinc.  

 
Some early 
alloyed objects 
analysed from the 
Painted Grey 
Ware level at 

Atranjikhera 
showed alloying 
with 52.42% 
copper, 20.72% 
tin, 9.77% lead 
and 16.20% zinc. 

This is related to the tradition of mixed alloys or 
bharans among the traditional craftsmen of Bha_rata. [cf. Dilip K. Chakrabarti and Nayanjot 
Lahiri, 1996, Copper and its alloys in ancient India, Delhi, Munshiram Manoharlal, p. 10]. 
 
Thin, well-levigated, wheel-made painted grey ware pottery. Some pottery are painted with black or 
red geometric designs. Typical are: convex-sided, flat-based dish, flat-based, straight-sided bowls, a 
lot.a (vase) with a straight-sided body and straight neck. The ceramics of PGW have been found in 
the Ghaggar, Sarasvati and Ganga basins and often related to the early iron age of Bharat. [Photos 
courtesy: http://bosei.cc.u-tokai.ac.jp/~indus/english/3_1_07.html] 
KTM Hegde and Ericson, J.E., 1985, Ancient Indian Copper Smelting Furnaces, in: Furnaces and 
Smelting Technology in Antiquity, ed. P.T. Craddock, Occasional Paper No. 48, British Museum, 
London, pp. 59-67: The survey covered six ancient copper ore mining and smelting sites in the 
Aravalli (Arbuda) hills extending over a thousand kms.: Khetri and Kho Dariba in NE, Kankaria 
and Piplawas in the Central part and Ambaji in SW.. A large majority of mine-pits measure 7-8 
metres in dia. and 3-4 metres deep showing evidence of fire-treating of the host rocks on the mine 
walls to widen rock joints. The evidene indicated probable mining in the chalcolithic period. Timber 
supports recovered from a gallery at a depth of 120 metres at Rajpura-Dariba mines in Udaipur 
District were radio-carbon dated to 3120+_ 160 years before the present (1987). This correlates with 
the zinc-containing copper artefacts of Atran~jikhera. Finely crushed ore was concentrated by 
gravity separation at the smelting sites which were invariably close to the banks of hill streams. This 
helped separate gangue from the ore. Smelting charge was by crushed quartz equal to the weight of 
the ore, crushed charcoal twice the weight of the ore. Furnace walls showed evidence of residues of 
small, hand-made, fistfuls of spherical lumps. The smelter furnace was a small, crucible-shaped, 
clay-walled, slag-tapping deice worked on forced draught from bellows; 'this simple furnace 
appears to have been continuously used in India over the millennia without little innovation.' It 
would appear that the facilities in the metropolis of the civilization on the banks of Sarasvati and 
Sindhu were only purification and fabrication facilities with limited or no smelting operations. Bun-
shaped copper ingots from Ganeshwar taken through the riverine routes were perhaps carried by 
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itinerant metal-smiths of the copper-hoard culture and fabricated in cities like Mohenjodaro and 
Harappa to meet the specifications of the consumers of this doab or the Tigris-Euphrates doab. 
 
“The few analyses which have been performed, such as on the objects from Taxila, now in Pakistan 
suggest brass was in use from the 4th cent. BCE, and at least some of the pieces may have been made by 
adding metallic zinc to copper as their zinc content is analysed to be 34.34%Zn. Some of the 
contemporary Indian medical and scientific treatises such as the Charaka refer to a metal ‘Rasa’ to which 
in addition to forming an alloy with copper, could also beburnt and the ashes used as an eye salve. This 
can surely only be zinc.” [PT Craddock, IC Freestone, Lynn Willies, HV Paliwal, LK Gurjar and KTM 
Hegde, 1998, Ancient History of lead, silver and zinc in Rajasthan, in: Vibha Tripathi, ed., 
Archaeometallurgy in India, Delhi, Sharada Publishing House, p. 123]. 
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Lead, silver and zinc at Zaawar 
 

“…early mines of Zawarmala and Mochia 
at Zawar…numerous radio-carbon dates 
obtained. These show beyond reasonable 
doubt that major mining operations were 
carried out during the later part of the 1st 
millennium BCE. The ore extracted from 
these enormous workings was 
predominantly sphalerite (ZnS), with small 
amounts of lead, having low silver 
content…The importance of Zawar zinc 
production technology is reflected in the 
sentiments expressed by Royal Society, 
London, at ‘Conversazione’ organized on 
20th June 1985, which are as follows: 
‘Excavation by British Museum, Baroda 
University, and Hindustan Zinc Limited, at 
Zawar, Rajasthan, have uncovered blocks 
of intact furnaces still holding their original 
charge of 36 retorts per furnace. The 
technical sophistication and application of 
scientific principles are unparalleled 
elsewhere in the late-Mediaeval period, and 
the element of standardization and mass 
production foreshadow the Industrial 
Revolution. This is the earliest example of 
high temperature distillation is almost 
certainly ancestral to all such operations 
today.’ “ [PT Craddock, IC Freestone, 
Lynn Willies, HV Paliwal, LK Gurjar and 
KTM Hegde, 1998, Ancient History of 

lead, silver and zinc in Rajasthan, in: Vibha Tripathi, ed., Archaeometallurgy in India, Delhi, 
Sharada Publishing House, p. 123-132] 
 
Copper ledged cooking vessel with high neck and fla ring rim, identical 
to many terracotta vessels. A sheet of copper was hammered and the hollow 
base and rim are raised separately; the two pieces were joined together with cold 
hammering at the ledge. This vessel contained a hoard of copper weapons and 
tools. National Museum, Karachi. Vats 1940: 85, 384, pl. CXXIV. 27.28 (After 
Fig. 8.2 , Kenoyer, 2000) 

 
A series of pottery kilns were discovered in 1989 on the northwestern corner of Mound E at 
Harappa. These kilns constructed circa 2800 BCE continued to be remain in the locality for 
hundreds of years. Ceramics were coloured red using red ochre (iron oxide), and black using red-
brown iron oxide and black manganese. “Even the most valuable metal containers, such as the silver 
jars with lids from Mohenjodaro, are made in the same style as tall ceramic vessels with flaring rims.” 

Large updraft kiln of the Harappan period (ca. 
2400 BCE) found during excavations on Mound 
E Harappa, 1989 (After Fig. 8.8, Kenoyer, 2000) 
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(Kenoyer, 2000, p. 156; John Marshall, Mohenjdaro and the Indus Civilization, London, Probsthain, 
1931, Pl. CXL. 1-3 and 585-586). 
 
A full-scale reconstruction of the ancient Harappan  kiln, first built in 1989, is repaired 

and reused each year for experimental pottery 
production at the Harappa Archaeological 
Research Facility. In 1996 a large storage jar 
was fired along with other types of pottery and 
figurine replicas. (After Fig. 8.8, Kenoyer, 2000). 
 
Harappa had a number of furnaces. Harappa is 
loated at the confluence of two sukhra_va_s (dry 
beds of the Ravi river), 15 miles WSW of 
Montgomery town. Copper objects found: toy model 
of a two-wheeled copper chariot, copper antimony 
rod stopper, copper mace-head, copper beads, 
ornaments. A large hoard of copper and bronze 
implements was found in a copper jar No. 277, 
Mound F: one hundred weapons, implements, 
utensils both finished and unfinished, cast bars, 

lance-head, bangles, thick sheet of copper with hammer marks (EH, 470-73). In 48 samples 
examined, the percentage of arsenic (harita_l) ranged from .3 to 7 percent); the percentage of tin 
ranged from 1 to 14 percent. Rajputana mines contain As (Arsenic) and Ni (Nickel) . Sources of tin 
were Hazaribagh, Bihar and Mesopotamia. A simple tin solder of its alloy with lead and soldering 
of silver and gold were used. In Mound F, 16 furnaces have been discovered: (a) part of round 
pottery jar; (b) cylindrical pits dug in the ground with or without brick lining; (c) pear-shaped pits 
dug in the ground with or without brick lining. Jar-furnace filed with charcoal fuel is still in use by 
goldsmiths in the region. Some furnaces were found with ashes and quantities of vitrified slag. In 
many furnaces, there is a small rectangular pillar or sometimes a wall set at the back and an air 
passage for the circulation of heat between itself and the back wall.  

Copper/bronze plate with vertical sides, hammered an d raised. (National 
Museum, Karachi. Mackay 938: CXVIII.20; After Fig. 8.22, Kenoyer, 2000) 

 
Ledge-shouldered cooking pot with low 
neck and flaring rim. Red slip on the neck 
and rim. Wheel-thrown rim with molded 
base.  Nausharo (ca. 2300 BCE). Karachi EBK 
5654. (After Fig. 8.9, Kenoyer, 2000). 
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Processing beads and creating white lines (using caper trees – 
d.an:gra janum) Slide 199 Different types of beads, 
Harappa, 2000. [After slide 199 from the Harappa 
excavations after 1996.] 
 
Wild caper trees  The new green 
shoots of the thorny wild caper 

trees of Sindh and Punjab can be crushed with alkaline salts to create a 
paint-like substance that will bleach white lines on carnelian when heated 
to the proper temperature. [After slide 201 from the Harappa excavations 
after 1996.] 

 
Processing gold and in composite products 
 
Gold button.  A button or sequin made of thin gold foil with a small 
interior loop for attachment to clothing. This piece was found crumpled 
into a small wad, possibly in preparation for remelting to make a new 
ornament. (H2000-4445/2212-01, Mound E, Trench 54). [After slide 211 

from the Harappa excavations after 1996.] 
 
Tiny gold droplet.  This tiny droplet of 
gold appears to be a placer nugget, 
possibly obtained by panning for gold. 
(H2000-4410/2102-08, Mound E, Trench 
54). [After slide 214 from the Harappa 

excavations after 1996.] 
 
Black Basalt stone. A black basalt pebble found in the excavations in 
Trench 54 has a few faint traces of gold colored streaks that may 
indicate it was used as a touchstone. Pure gold has a strong yellow-orange streak, while alloyed gold 
yields a slightly different hue. [After slide 215 from the Harappa excavations after 1996.]  

 
Gold bead composite with copper.   Composite gold bead with 
copper-alloy core or wire on interior. The corroded copper still covers 
part of the tubular gold bead.(H2000-4488/9829-0 , Mound AB, 
Trench 43). [After slide 20 from the Harappa excavations after 1996.]  

 
Manufacture of copper wire 
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Slide 218 Coiled wire necklace. This unique discovery of a coiled 
copper-alloy wire necklace (H2000/2242-01) has traces of fibers 
preserved on the inside. This is among the earliest evidence for finely 
made wire in the Indus Valley and dates to approximately 2450 BCE 
(Harappa, Trench 54, early Period 3B). This type of wire is likely to 
have been made by drawing the wire through a series of graduated 
perforations. . [After slide 218 from the Harappa excavations after 

1996.] 

 
Fire altars in Rakhigarhi ( Haryana )  
 

This site is situated in District Hissar, Haryana. 
Rakhigarhi and is the second largest site of the 
Sarasvati Civilization in Bharat. This site  relates to 
early ( 3200 to 2600 BCE) and mature phases (2600 
to  
800 BCE). A unique feature of this site is the setting 
up early settlements using cicular and rectangular 
patterns of sun-dried mud bricks as building 
materials.  
This settelment is laid out with streets, rectangular 
houses, lapidary and copper-smithy workshops and 
ceramic manufactures The Mature phase settlements 
have wall enclosures and an imposing citadel with 
raised brick platform. On the platform, there were the 
fire altars and a pit containing bones, charcoal etc. A 
copper vessel was found adjacent to the platforms; it 
contained a gold head-band and silver bangles.  
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After Fig. 2.4-6. From Sohr Damb. 2.7-8 from Mohenjo daro. - 2.4 Palstaves A 9782.- 2.5 NM 
2614.- 2.6 NM 2616.- 2.7 & 2.8 Mohenjo daro 
Museum, no inv. nos. Silver: Fig. 1.1 Dagger blade 
NM 2622.- 1.2 Cult object NM 2620.- 1.3 
Harvesting knife NM 2619. Figs. 1.1-1.3 Sohr 
Damb. Those fashioned in silver appear to be 
exclusively grave goods.The exception is the 
dagger mentioned above from Area D. Similarity 
between the "copper weapons and tools" from the 
Nal cemetery and those of the Harappa Culture: J.-
F. Jarrige, in: Vergessene Städte, 63.   
Source: http://www.rzuser.uni-
heidelberg.de/~ju3/forschung/yule3/Yule3.htm  
See other links: http://www.rzuser.uni-
heidelberg.de/~ju3/forschung.htm] 

 
Rakhigarhi: Copper/bronze 

weapons  (Courtesy ASI) 
 
Rakhigarhi: Copper bangles  
(Courtesy ASI) 

 
Dholavira: Copper/bronze 
weapons  (Courtesy ASI) 
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Lothal. Fire altar of 
burnt bricks  exposed in 
Street 9 [After Pl. CXXX 
in: SR Rao]. 
Lothal. Fire altar with 
bones. [After Pl CXLVIII 
in SR Rao]. 

 
Lothal. Terracotta cakes  
(Period A) from fire altar 
[Afte Pl. CL in: SR Rao]. 
Mughal has demonstrated 
based on the finds from 
Cholistan sites that the 
terracotta cakes were used 
as packing material for 
fired objects (to prevent 
dislocation during intense fire) in what he terms as ‘industrial sites’, 
i.e. sites with evidence of working with metals using fire-pits. 

 
Lothal had an exclusive commersmiths' quarter (2300-2000 B.C.)(Sr Rao, Lothal, Vols. I and II, 
Delhi, ASI, 1979 and 1985).  Lothal is between the Rann of Cambay (khambat) and Little Rann of 
Kutch, close to the Nal lake, about 52 miles from Ahmedabad and 4 miles from Bhurki. The ancient 
mound is between Bhogava and Sabarmati rivers. Bronze (low-tin) was used for pins, mirrors, rods, 
chisels, flat axes, daggers and arrowheads; bronze (high-tin) was used for bangles and pins. Lead 
was used to harden tools with sharp edges. Tin became a rarity in Sumer by 2700 B.C. until it could 
be obtained again by 1500 B.C.Sayce cites that tablets from Kara Huyuk refer to tin which was a 
rare and precious metal in Babylon ca. 2500-
2200 B.C. Of the 71 objects from Lothal 
examined by Lal, only 8 objects contained tin: 
the tin content of two bangles were 11.2 to 11.82 
percent. A grooved rod had 9.02 percent, a 
mirror 5.47 percent, a pin 13.80 percent, two 
chisels 9.02 to 9.62 percent, an engraver 3.96 
percent, a spear 2.27 percent. Lothal metal-
workers knew the art of forging bronze. The 
manufactured objects found: axes with long 
narrow blade or broad blade; spearhead, 
arrowhead, razor, chisels, dagger head, mirror awls and needles, nails and rods, fish-hooks and saw. 
Personal ornaments of copper and bronze: bangle, ring, ear-ornament, beads. Figurines: bull, hare, 
dog, bird, fowl. Jar, mirror, spoon, chair were also fabricated. Copper ingots of plano-convex shape 
(99.81 percent purity) were also found. The ingots from Susa also have a concave under-surface and 
short projections. Perhaps some copper was imported and remelted in clay crucibles (Rao, 520-21). 
A coppersmith's workshop was discovered. One furnace was circular with a rectangular projection 
to supply fuel. A second furnace (House 154) had a muffle. A kiln yielded ash and fragments of 
terracotta crucibles and a stone mould used for casting pins and awls. A copper pin, a broken copper 
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chisel and a hammer stone with a socket for hafting are finds from the vicinity of this workshop. A 
sample of cementation brass (1500 B.C.) from Dwaraka has also been reported. Electrum was used 
for making gold pendants (Rao, 664-65). Kolar gold-fields yield electrum. At the smiths' workshops 
were found clay tablets containing impressions from the Harappan seals. (These are further 
analyzed in this website).  
 
Lothal. Terracotta lumps from fire-altars  (Period B) [After Pl. CLI in SR Rao]. 
 

Kalibangan. A ‘fire-altar’ in one of the rooms of a  house 
in the ‘Lower Town’ 
(KLB-2). The room 
was specially 
earmarked for putting 
up the ‘fire-altar’ 
which was renewed as 
the working level 

rose. [After Pl. 11 in: BB Lal and SP Gupta, eds., 
Frontiers of the Indus Civilization]. 
 
Terra-cotta pointed base goblets  
 

Pottery was fired in updraft kilns. To produce large 
quantities of storage jars, large pit kilns were used. 
 
“Pyrotechnology, the manufacture of objects or 
materials.Through surveys and from excavations, we 
knew that during the Indus Integration Era (ca. 2600-
1900 BCE), even smoky, hazardous firing areas were 
found within the walled centers of the Indus cities. 
My surveys further demonstrated that firing took 
place throughout the city of Harappa, not primarily in 

a single quarter. One of the goals of our continuing excavations of these production areas is to 
understand why these firing areas were and could be located in the city centers. The Indus Valley period 
floodplain is now buried by meters of silt, with only the mounded sites visible, but we know from work 
in other areas of the Indus region that firing areas for pottery and perhaps metals were also found in 
separate locations, far from habitations. Are these city-located potters producing some very special 
objects? Or is it just a question of long-term occupation of a location, with the city growing up around 
them?  
 
“Looking more broadly across all types of crafts, there is evidence for some general patterning to the 
location of production. In line with findings from the German and Italian project at Mohenjo-daro, I 
found that working areas for Reductive crafts (lithic and shell-working) tended to be found together, 
while pyrotechnological crafts (pottery, copper) were located primarily in discrete areas, away from 
other crafts. For example, my surveys at Harappa in 1994 and 1995 and excavations in 2000 showed that 
Integration Era copper melting occurred only in an area in the center of the south side of Mound E (See 
map of Harappa opposite); no other craft production took place there. HARP excavations in 1989 in the 
northwest corner of Mound E uncovered two different types of Integration Era pottery kilns, which may 
also have been used for figurines, but there was no evidence for any other crafts. In contrast, during my 
survey of the entire site of Harappa, most of the areas with any evidence for lithic production included 
debris from a variety of lithic materials and object types as well as shell-manufacturing debris. A small 
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area in the center of Mound E, subsequently excavated by HARP, seemed focused on drill manufacture 
and drilling stages of production, but a variety of stone types and other materials (perhaps wood, ivory, 
shell) were being drilled.” (M. L. Miller, Locating Indus Civilization Pyrotechnological Craft 
Production: Applying surface survey methods and geomagnetic techniques, Indo-Koko-Kenkyu, Indian 
Archaeological Studies 2000 Vol ) 
 
The finds of copper melting crucibles at Mehrgarh (Jarrige, Jarrige et al. 1995) shows the use of 
technology at a site far from the original source of the raw materials (Kenoyer and Miller 1997). 
Excavations of  copper working areas at Harappa, during the 1990’s (Meadow, Kenoyer and Wright 
2000) and a large number of copper objects recovered from earlier excavations evidence a long 
tradition of copper and bronze working at the site (Kenoyer and Miller 1997). 
 
At Harappa, steatite was obtained from distant resource areas and made into various types of beads, 
some of which were glazed. Steatite seals were carved and fired at the site. Raw materials of 
colored jasper, agate, carnelian and other varieties of rock were brought and made into beads and 
pendants.  
 
Since production of faience required high temperatures to attain a glassy, compact substance with a 
shiny blue-green glaze, special furnaces would have been used. 
 
Furnace for making bangles 
  
Substantial quantities of bangles of all shapes, sizes and decoration have been found in the 
civilization sites.  
 

Harappa: Ravi and Kot Diji Phase 
Bangles  (After Figure 2, Kenoyer, 
2002) 

 
Steatite bangles were made using special type furnace. 
 
Materials were used to make bangles were: clay, shell, metal and faience. In 
addition, the quality of workmanship shown in the manufacture of the bracelets 
suggests that they were made for different levels of society.  
 
The marine shell used was turbinella pyrum. Techniques used were: incising 
with stone tools, grinding, and polishing. Red-fired and grey-fired terracotta 
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bangle types include: flat painted bangles, rounded bangles, and a bangle with incised decorations.  
 
Xancus Pyrum 
 
Silvio Durante’s study (1979) of marine shells which are exclusively found along the coastline of 
India notes their appearance in distant sites such as Tepe Yahya and Shahr-i Sokhta in Iran, as well 
as in the Sarasvati-Sindhu Valleys. It is possible that culture, technology, religion, followed such 
trades. 
 
Durante notes that the marine shell Xancus pyrum was traded whole and intact, then worked or 
reworked at destination sites, before perhaps moving on to other locations.  
 
‘Xancus pyrum has a very limited geographic distribution and thus has almost the same significance 
in the field of shells as that of lapis lazuli in the context of mineral resources as regards the 
determination of the possible routes along which a locally unavailable raw material is transported 
from a well-defined place of origin to the place where it is processed and, as also in the case of 
Xancus pyrum, consumed' (Durante 1979:340).  
 
Durante (Durante 1979) offers four possible trade routes: sea route direct to the Iranian coastal area; 
sea route to Sutkagen-dor and Sotka-koh on the Makran coast, then overland westwards; overland 
through the Indus plain and then through the Makran interior to Sistan; overland through the Indus 
Valley and then through the Gomal Valley to Sistan. 
 
Natural resources map of ancient Bharat  
Source: http://www.ancientindia.co.uk/indus/story/sto_set.html 
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Sources of minerals and metals  
 
The sources for the minerals and metals and semi-precious stones were: Baluchistan, Afghanistan, 
Iran, Central Asia, the lands bordering the Persian Gulf as well as interior, peninsular India (Map 
based on Shashi Asthana, Harappan Trade in Metals and Minerals: A Regional Approach, in: 
Frontiers of Indus Civilization.)  
 
Sources of gold: Coimbatore (Hadabanatta, Kavudahalli and near Porsegaundanpalayam), Wynaad 
and Kolar (Marshall 1931: 674). "South of the Caucasus, in Armenia, the famous metal workers, the 
Chalybes, are credited with rich mines. This probably means the deposits near the Taldjen River, 
close to Artwin... The Muruntau mountains in the Kyzyl Kum desert has the largest deposit of gold 
(Forbes 1971: 166; Kalesnik and Pavlenko 1976: 202)... The discovery of the famous Fullol Hoard 
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in the Hindu Kush of northern Afghanistan (Tosi and Waradak 1972: 9-17) contained a number of 
gold objects with Mesopotamian and South Turkmenian motifs. This proves that the region (the 
Oxus basin--northern Hindu Kush) was as important to the Middle East for gold as it was for lapis 
lazuli. Incidentally, the Harappan trading posts at Shortugai are also in the same region (Francfort 
and Potter 1978:29).  
  
“Catalogues. The most extensive published collections of metal objects are those from the early 
excavations at the Harappan Phase sites of Mohenjo-daro (Mackay 1931, 1938; Marshall 1931), Harappa 
(Vats 1940), and Chanhu-daro (Mackay 1943), all in the Indus Valley. The metals from excavations at 
Rangpur (Rao 1963) and Lothal (Rao 1979, 1985) provide information on the metals of Harappan Phase 
Gujarat. Information on metal use in the greater Indus region prior to the Harappan Phase comes 
primarily from the site of Mehrgarh (Jarrige and Lechevallier 1979). For the Harappan Phase, the best 
references are the catalogues of metal objects compiled by Yule (Yule 1985), providing descriptions and 
illustrations of the copper objects from Mohenjo-daro, Harappa, Lothal and several other sites, including 
many objects previously unpublished…. 
 
“The role of metal during the Harappan Phase…It is clear that metal objects were not simply utilitarian 

or symbolic, but that they played a 
variety of roles in the economy, 
technology, and socio-
ritual/ornamental aspects of the 
Harappan Phase.” (Kenoyer and 
Miller, 1999, pp. 111-113, 133).2 
 
Map of tin and copper occurrences 
in southwestern Afghanistan: . 

Prehistoric copper mines; ̂  Tin 
occurrences; O -Copper 
occurrences; = major roads.  
 
The search for minerals took the 
people of Sarasvati Civilization far 
and wide not only within Bharat but 
out of Bharat into Mesopotamia 
and Anatolia. 
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Map depicting iron, silver and copper mines and anc ient settlements of Mesopotamia 
and Anatolia.  The trading route through Mari on the Euphrates to Ugarit (Mediterranean Sea) and 
on to Minoan Crete. This may explain the presence of Harappan script inscription on tin ingots 
found at Haifa, Israel! [Map is after Markus Wafler, 'Zu Status und Lage von Taba_l', Orientalia] 
 
 
Before the discovery of iron, i.e. in the bronze age, the settlements tend to cluster on river banks 
with easy access to the mines of copper and silver. 
 

 
Map of Anatolia and Mesopotamia showing Copper and Tin deposits and ancient sites  
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The malleability of unalloyed copper, which renders it too soft for weapons, helps form vessels of 
every variety of form. Copper domestic vessels were regularly made in Sumer during the 4th 
millennium BC, in India during the third millennium BCE and in Egypt a little later. 

 
 
This provides a perspective for the dawn and development of the bronze age in the Sarasvati-Sindhu 
civilization, ca. 2500 BCE with the import of tin from sites close to the Euphrates river (Sumer) to 
alloy with the copper available from the Khetri mines in the central Sarasvati river basin. 
 

Lothal. Bun-shaped ingot (Copper).  [After Pl. LXIII in SR 
Rao]. 
 
Copper. Sources. "Muhly (1973: 220 ff.; 1976: 104 ff.) has 
thoroughly reviewed the ancient textual sources for the use of copper 
and its trade in Mesopotamia, with extensive commentary on their 

relation to known deposits in the area. Archaic texts frok Uruk (III) indicate that already by the later 
fourth millennium BCE Dilmun was engaged in the metals trade (Englund 1983). In the third millennium 
Sumerian texts list copper among the raw materials reaching Uruk from Aratta (Pettinato 1972: 82-3, 
128) and all three of the regions Magan, Meluhha and Dilmun are associated with copper, but the latter 
only as an emporium (Limet 1960: 85ff.; Waetzoldt 1981). Gudea refers obliquely to receiving copper 
from Dilmun: 'He (Gudea) conferred with the divine Ninzaga (Enzak of Dilmun), who transported 
copper like grain deliveries to the temple builder Gudea...' (Cylinder A: XV. 11-18: Englund 1983: 88, n. 
6). Magan was certainly a land producing the metal, since it is occasionally referred to as the 'mountain 
of copper'. It may also have been the source of finished bronze objects (Limet 1972: 14-17).  
 
In the early second millennium BCE Mesopotamia may have lost direct contact with Magan, and with 
Meluhha, also earlier mentioned in relation to copper. Copper now came through Dilmun and its 
traders... Gudea refers to mining copper in the mountain of Kimas' (Falkenstein 1966: i.50 ff.; Statue 
B.VI: 21-3). This region is assumed to have been somewhere between the Jebel Hamrin and the Lesser 
Zab (Edzard and Farber 1974: 100-1); an old identification with Ergani Maden in Anatolia is no longer 
regarded as tenable. If this location is correct, it may have been just an entrepot for copper from mines 
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deep in Iran, or it might be a direct reference to the copper-mines visited by Layard in the Tiyari 
mountains, north of Amadiyeh (Layard 1849: i.223)... Anatolia was not an exporter of copper in the third 
and early second millennium BCE... As already noticed, after the Ur III period direct trade from 
Mesopotamia down the Gulf to Magan appears to stop and Dilmun becomes the primary entrepot for all 
Gulf Trade, including metals, in the earlier second millennium BCE. Copper came this way until at least 
the eighteenth century BC, when there is a break in the records almost exactly at the same time as the 
earliest surviving textual indications of copper from Alashiya (Cyprus) reaching Mari and Babylonia 
(CAD. alas'u; Schaeffer 1971: 547 ff.; Millard 1973). The Mari texts also refer to a type of copper 
qualified by the term te-ma-yu, for which Dossin (1970a: 39 n.1) suggested an association with Teima in 
Saudi Arabia, serving as an entrepot for copper from the Feinan/Wadi Arabah mines (cf. Hauptmann et 
al 1989). Muhly (1976: 109) was sceptical; but it is not an impossible routing.  
 
Copper came by way of Dilmun until at least the eighteenth century BC, when there is a break in the 
records almost exactly at the same time as the earliest surviving textual indications of copper from 
Alashiya (Cyprus) reaching Mari and Babylonia (CAD, s.v. alas'u; Schaeffer 1971: 547 ff.; Millard 
1973). The Mari texts also refer to a type of copper qualified by the term te-ma-yu, for which Dossin 
(1970: 39 n.1) suggested an association with Teima in Saudi Arabia, serving as an entrepot for copper 
from the Feinan/Wadi Arabah mines (cf. Hauptmann et al. 1989)... It has been argued that it was the 
eclipse of the Indus Valley civilization in the second quarter of the second millennium BCE that brought 
to an end the flourishing Indus-mesopotamian trade up the Gulf; but this has yet to be satisfactorily 
confirmed. Stray indicators suggest continuing, if intermittent, activity. In the middle of the fourteenth 
century BCE a Babylonian official was stationed on Dilmun, whence he reported back on local threats to 
the date crop. Then Tukulti-Ninurta I of Assyria (c. 1243-1207 BC), after his sack of Babylon, assumed 
the title 'King of Dilmun and Meluhha', emphasizing contemporary Babylonian interest in these regions, 
even if the full implications of the ancient names no longer applied (Brinkman 1972: 275-6; 1976: 314). 
Danish excavators revealed considerable evidence for the occupation of Bahreain and Failaka in the 
Kassite period (Bibby 1972: 358 ff.). Otherwise documents contain no explicit references in the later 
second millennium to the sources of copper (cf. Potts, D. 1990: i. 232 ff.)... Copper occurred extensively 
in Iran, Afghanistan (Berthoud et al. 1977) and the Indian Subcontinent (Muhly 1973: 234 ff.; Ratnagar 
1981: 96-7)...Almost half of the objects so far analysed from Cemetery A (Early Dynastic IIIB) at Kish 
have arsenic in excess of 2 per cent, as do about 33 per cent of those from the Royal Cemetery at Ur; in 
the north an arsenical copper tradition is the most prevalent throughout the third millennium BCE... 
About a third of the total, have tin from 0.012 to 15.9 per cent... at both Gawra and Ur, arsenical copper 
was the metal in greatest use... siparru means copper when referring to unworked metal; bronze when the 
object is finished work; eru_ means copper in all contexts; sometimes 'not iron'." (Moorey, 1994, opcit, 
p. 245)  
 
"... circular bun-shaped ingots found on third- to second-millennium sites in Oman (Hauptmann et al. 
1988: 41, fig. 4:6), which indicate that this was the shape in which at least some Omani copper was 
traded in the Near East at this time. It may, however, have been the standard for many other source 
zones. A group of five circular bun-shaped ingots of copper were included in the mid-third-millennium 
BCE 'Vase a la Cachette' excavated at Susa. They have been associated with ingots of this shape found in 
the Gulf and in Indus Valley settlements (Tallon 1987: nos. 687-92, pls. 262-4). Two bun-shaped ingots 
were found in a contemporary context at Tell Chuera in Syria (Moortgat and Moortgat-Correns 1978: 
66ff., fig. 29a-b).(Moorey, 1994, opcit, p. 244).  
 
As in Egypt, so in India, the smiths who worked in the precious metals of gold and silver also 
worked in copper and bronze. [Copper pitchers and basins for hand washing at meals were placed in 
the tombs. An unusual example in the Metropolitan Museum of Art is plated with antimony to 
imitate silver, which was very rare in the Old Kingdom (c. 2686-c. 2160 BC). The basins and the 
bodies of the ewers were hammered from single sheets of copper. The spouts of the ewers were cast 
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in molds and attached to the bodies by means of copper rivets or were simply inserted in place and 
crimped to the bodies by cold hammering. Source: 1994-1998 Encyclopaedia Britannica.] 
 
Rigvedic and Sarasvati Civilization workers were also fire-/metal-workers like the armourers who 
produced weapons using copper and tin/zinc alloys yielding bronze and brass.  
 
Metals. Gold is known at Mokar, Afghanistan. (T.A. Wertime, Science 182, 1973, p. 884). "X-ray micro-
analysis has shown that inclusions in the bead are composed of an alloy of platinum-iridium-osmium and 
gold. These three metals form rare alloys, found mostly in placer deposits...supplies from this area could 
have joined caravans carrying lapis-lazuli using Helmand valley route via Shahr-i-Sokhta to the Persian 
gulf and then have arrived by the ships carrying the lapis, carnelian, tin and gold from Meluhha to 
Sumer." (K.R. Maxwell-Hyslop, Sources of Sumerian Gold, Iraq, XXXIX, 1977, p.p.85-86).  

 
"...ancient empires... began to concentrate upon importing the crude metals from these distant smelters. 
The rulers of the city-states would then release the imported raw material to their own metal-workers for 
finishing... For the efficient extraction of metals from their ores some form of furnace is needed and, for 
certain purposes, the fire must be forced by draught. In the simplest operations of smelting, the pieces of 
ore are mixed in layers with the fuel, and the metal is afterwards collected in a lump from the hearth... 
Metal-workers were among the earliest specialists in craftsmanship. Neolithic farmers or their women 
had woven and spun, made their own shoes and pots, and dug their own flint, but the advent of the smith 
ushered in a new era, in which the urban civilizations of the great river valleys rapidly developed. 
Thence itinerant smiths ventured into the barbarian fringe to seek ores, and thus spread knowledge of the 
working of these coloured stones. The awe in which smiths were held is reflected in innumerable 
legends...   

 
"Strabo and others report that, in the Caucasus, alluvial deposits were worked by washing over a layer of 
fleeces. The gold particles would adhere to the grease in the wool--hence the basis of the legend of the 
Golden Fleece... In cupellation, lead is added to the crude gold, and the metals fused together in a porous 
clay crucible or cupel. The lead and other base metals are oxidized by a current of air. The resulting 
molten litharge, containing all the base-metal oxides, is partly blown off by a blast of air, and partly 
absorbed by the walls of the cupel, leaving a button of refined gold or, if silver was originally present in 
the ore, of gold alloyed with silver. Agatharchides (second century BC) is quoted by Diodorus (III, 14, 3-
4) as describing the removal of silver as well as the base metals by a modification of the cupellation 
process: 'The workers place the crude gold in a clay vessel, and add a mass of lead, a little salt and tin, 
and barley husks. Then it is closed with a tight-fitting lid, sealed with lute, and heated for five days and 
nights in a furnace. After a suitable interval for cooling, nothing is found of the other materials in the 
vessel, but only pure gold' (Abbreviated).   

 
"Evidently, at any rate in the first stage of this operation, while the access of air is prevented, the 
carbonaceous barley would act as a reducing agent. In this period, the metals would be fused and the 
silver converted to silver chloride by the salt. Later, we must suppose that air is admitted, perhaps 
through cracks; the barley husks would then burn away, and the base metals would be oxidized and 
absorbed by the crucible. Perhaps the lid is finally removed, and the heating continued for a short period 
longer to bring about the cupellation... Silver and lead were closely associated because both were 
obtained from the same mineral, galena. This is predominantly lead sulphide, but usually has a small 
proportion of silver. Its occurrence is widespread, and it is often associated with copper ores. Its brilliant 
metallic appearance may have attracted the attention of the early copper-smelters. The few galena depsits 
of Egypt were worked for eye-paint only, and in any case the lead produced later from these ores 
contained little silver...   
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"It is doubtful whether the rich deposits of India, Afghanistan, and Persia played a part in the ancient 
Near East, where much more importance must be attached to the many galena deposits rich in silver in 
the Armenian mountains, and in the central part of western Asia Minor. Classical tradition and 
archaeological evidence both point to north-eastern Asia Minor as the birthplace of silver. The 'land of 
the Chalybes', so important an early centre of metallurgy, was the mining district of the Hittites, whose 
very capital bears a name written with the ideogram for silver. Asia Minor held an almost complete 
monopoly of silver production, and Sumerian and Assyrian cities sent their merchants to the Hittites to 
acquire the silver and lead produced in that country.   

 
"Earlier potentates like Sargon the Great and Gudea, ruler of Lagash, dispatched expeditions to acquire 
these metals in the 'silver mountains' of Armenia. The Cappadocian tablets (ca. 2000 BC), however, 
show that there were at that time permanent settlement of Mesopotamian merchants in the land of the 
Hittites, buying crude and refined silver, pure lead, and pigs of lead, all in sealed in containers to prevent 
pilfering during transport. From the accounts, it is evident that several qualities were produced. The 
silver was usually sold in bars, and about four times as much silver as lead was sent to the home 
country...   

 
"By the first millennium BC, silver and lead were common metals all over the Near East, except in 
Egypt, where the phase of metallurgy was delayed for another 400 years. The amounts of these metals 
taken in tribute and booty by the Assyrian king Tukulti Ninurta II (889-884 BC) afford evidence of 
extensive production. Between 400 and 1000 kg of lead and 100 kg of silver were captured during his 
expedition into the northern mountains, which shows that the region between Lake Van and Lake URmia 
was already producing them in large quantities. In Egypt, on the other hand, though importation had 
begun, the comparative value of silver to gold was still as high as 1:2 at the time of the Persian 
occupation. The Persian victory of Egypt took advantage of this strange situation, and enriched himself 
by introducing a silver coinage into the country.   
 
"Supplies of silver became plentiful in Egypt only in Hellenistic times, when the price of silver dropped 
to only one-thirteenth of that of gold. The production of silver and lead was responsible for the 
introduction into general metallurgy of the methods of working sulphide ores and of cupellation. The 
working of galena entails partial desulphurization by roasting, followed by reduction of the product, 
litharge (lead oxide). A simple hearth-furnace or a sloping trench sufficed. The fule and ore were 
thoroughly mixed together, or built up in alternate layers. Natural or artificial blast supplied the 
necessary air. A proportion of the sulphur escaped as sulphur dioxide, but some remained as unchanged 
galena and lead sulphate. When the correct stage of desulphurization was reached, the temperature was 
raised, and the litharge, lead sulphate, and galena interacted to form lead, which collected at the bottom 
of the furnace, while the remaining sulphur escaped as sulphur dioxide. The charcoal added as fuel 
would prevent re-oxidation. The product was a lead-silver alloy harder than pure lead; it contained many 
impurities, such as antimony, copper, tin and arsenic. This ancient process combined the two modern 
stages of roasting and reduction. Though the technique was comparatively simple, the chemical reactions 
were correspondingly complex, and the ancien metallurgist had not yet sufficient knowledge to control 
them fully. The inevitable result was a small yield... silver was obtained from silver-bearing lead by 
cupellation. The litharge slag could be used as such, or reduced with charcoal to lead. Finds of pure 
silver at Ur, at Troy (six bars of pure silver), and at other places, as well as historical data, lead us to 
conclude that cupellation was invented in north-eastern Asia Minor in the first half of the third 
millennium BCE.  

 
"The fining-pot and the drossing of base metals are frequently mentioned in the Bible (Prov. xvii.3; Jer. 
vi.29-30; Ps.xii.6). By about 60 BC, cupellation was well known. Liquation, a method of extracting gold 
and silver from other sources such as certain crude coppers, was perhaps also known at this time in the 
Near East. It involved alloying the crude metal with lead and slowly melting it. The lead flowed away 
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with the precious metals in solution, leaving a poroud mixture of the remaining base metals. Liquation 
was followed by cupellation... The silver:gold value-ratio gives an interesting indication of the supply of 
silver. It was comparatively high in the earlier periods in Mesopotamia (1:8), and rose still higher to 1:6, 
in the reign of Hammurabi, perhaps because of disorder in Asia Minor and Armenia. It fell soon 
afterwards to 1:10, and remained at that level for a very long period. In Neo-Babylonian and Persian 
times the ratio varied between 1:12 and 1:13." (Charles Singer, et al (eds.), A History of Technology, 
Oxford Clarendon Press, 1954, pp. 576-585).  

 
"The metal found at the necropolis of Susa, with or without a cloth covering, proved to contain 92.12 
percent pure copper, without iron, sulfur, lead, zinc or manganese, but with traces of nickel. Objects from 
Tello have yielded similar amounts; at Tell-el-Obeid, copper in most cases exceeds 95 percent of the 
total. The same results were obtained by R.C. Thompson in the cases of objects from Eridu. Thus pure 
copper, and not merely antimonial bronze, as has been claimed, was in fact in existence in the early 
centuries of the third millennium. Since copper did not exist in Sumer, its presence there indicates trade 
relations with the Caucasus and Anatolia.   

 
From Tello: Lancehead, copper blade 31 1/2 in. long, belonging to a lance;incised with the glyph of 
a lion; the title 'King of Kish' is legible with the sign 'Sharru'; tang is pierced with 4 holes and a flat 
surface of the blade is engraved with the figure of a lion; found six inches above the stratum in 
which the remains of Ur-Nina (founder of the first dynasty of Lagash) were buried (Cat., p. 367; 

Dec. en Chald., Pl. 5 ter, No.1. Musee du Louvre).  
 
Bas relief, Tello: long haired person carrying on his 
shoulder a hooked sceptre; a fillet is held in his left 
hand and is presenting it to the warrior standing in 
front of him with a lance in hand. (Musee du Louvre, 
Cat., pp. 87,89 No. 5). 

 
"Bronze is constantly in evidence after the time of Gudea; in most cases it is tin-bronze or antimonial 
bronze. Elam, which was particularly noted for metalworking has left remarkable bronze monuments 
dating from the second half of the second millennium BC, the most striking being the statue of Queen 
Napir-Asu. This statue was cast in two halves, and was then filled with molten bronze forced in with a 
metal block to cause it to fill the interior completely (this part of the operation failed). The destroyers of 
the monument were able to remove the head and one arm; the statue, even with the head and one arm 
missing, still weighs more than 3,960 pounds, and is five feet tall. It must have been extremely difficult 
to maintain successfully the metal in each crucible at a constant temperature (they were poured out one 
after the other).   
 
"Gold from the north and from Egypt, as well as silver and the other metals, has been discovered in large 
quantities in the royal tombs of Ur. The Sumerians already knew how to refine it and remove its 
impurities. Certain objects from the royal tombs at Ur--the headdress of Meskalamdug, for example--are 
very solid, but very often gold was used simply for 'gilding'. At Khorsabad, for example, the bitumen-
coated trunks of palm trees were covered with a bronze facing that simulated the scales of the palm tree; 
then gold leaf, annealed to make it flexible, was burnished and nailed to this bronze facing with small 
nails.  
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"Silver, more common than gold, was used in the same manner; before coins came into existence it was a 
unit of exchange used for the payment of purchases, as by barter. Refining of gold was necessary in view 
of the impurities this metal contained; King Burraburias of Babylon complained to Amenhotel IV (circa 
1370-1352 BC) that the gold received from him contained three-quarters of its weight in impurities. The 
fine gold used in the objects found in the tombs at Ur was approximately 75 percent pure gold. The 
refining method used was a variant of our cupellation, as is indicated by the purification of five minas of 
gold by means of successive stages in the furnace; on the first round the gold was reduced to four minas, 
five shekels, on the second to three and two-thirds minas. The Mesopotamians knew how to alloy and 
harden gold, which permitted it to be used for weapons." (Maurice Daumas, opcit, p. 133). 

 
Some seals mark the stages along this trade route such as 
the one from Tell Asmar (Eshnunna), Iraq. IM 14674; 
glazed steatite  seal ; Frankfort, 1955, No. 642; Collon, 
1987, Fig. 610. 
 
 

Sources of tin: the great enigma of Early Bronze Age archaeology  
 
By 3000 BCE the use of copper was well known in the Middle East, had extended westward into 

the Mediterranean area, and was beginning to 
infiltrate the Neolithic cultures of Europe. 
 
Trapu is tin in the Atharva Veda (11, 8.7-8: s'ya_mamayah asya ma_m.sa_ni lohitamasya 
lohitam; trapu bhasma haritam varn.ah pus.karamasya gandhah) and van:ga is also tin with 
the possible association of chalcolithic cultures in Bengal (2nd millennium B.C.) with possible links 
with the culture of Thailand of the same period (Solheim, W.C., Sciene, Vol. 157, p. 896).   Hegde 
suggests the possibility that water-concentrated placer deposits referred to as 'stream tin' in the 
proximity of Aravalli and Chota Nagpur Hills might have also been the sources of tin. 
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Tin belts in Eurasia and Australia  (After Fig.2, 
Schuiling, 
R.D., 967, 
Tin belts 
on the 
continents 
around the 
Atlantic 
Ocean, 

Economic 
Geology, 

62: p. 
548)  

 
Tin belts on a reconstruction of continents some 150 to 100 million years ago; a European-Asian 
belt starts with Erzegebirge tin province and extends eastward through Southern Russia, to 
Uzbekistan, then veers slightly northward to Mongolia, and finally ends up in Northeast China. 
Another belt descends from Northeast Russia and passes through Korea and Japan, Southern China, 
Southeast Asia and Malaysia. (After Fig.3. Prentiss S. de Jesus, Considerations on the Occurrence 
and Exploitation of Tin Sources in the Ancient Near East in:Alan D. Franklin, Jacqueline S. Olin 
and Theodore A. Wertime, eds., 1977, The Search for Ancient Tin, Washington D.C., US 
Government Printing Office, pp. 39-42).  
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Sources of Tin for the Bronze Age in the areas close to Aravalli and Chota Nagpur Hills India  

 
 
Sites of ancient Indian excavated and copper and br onze objects  (Fig. 1 in Hegde, opcit.)  
 
"I have analyzed 38 representative metal objects, selected from among 76 objects, excavated from 
six post-Harappan sites: Mitathal, Ahar, Somnath, Navdatoli, Jokha, and Chandoli; distributed in 
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Central and western India and in the Deccan plateau. These objects were recovered from the strata 
that are dated to ca. 1500-1000 BCE. The objects included axes, chisels, knives, daggers, bracelets, 
and bangles. Among the 38 objects analyzed, 7 were found to be made of bronze. Their tin content 
varied from 3.12 to 12.82 percent. The other objects were made of copper...At Nalanda in Bihar, 
excavations have brought to light over five hundred metal images. These images are dated AD 800 
to 1200. From among them, BB Lal selected 18 images for chemical analysis. The study revealed 
that 9 of the images were made of bronze. In their composition, the percentage of tin varied from 
7.88 to 23.68 (Lal, 1956, p. 56)...from the foregoing, it is possible to observe that tin was used in 
India to produce bronze tools and ornaments during the protohistoric Bronze Age and again during 
historic times to produce statuary...  
 
Kumbharia (2 kms. east of Ambaji) is a pilgrimage centre for the Jains, which has a temple with 
metal images of Ti_rtha_n:kara, dated ca. 11th cent. AD. Kumbharia is located near a mountain 
known as Arasur which has many mines of non-ferrous metals. (cf. ancient texts: Pura_tan 
Prabhanda San:graha, 1030 AD and Upades'a Saptati, 1477 AD; the texts also refer to Amba_ji in 
Banaskantha district of North Gujarat as sources of copper and other metals). (Swarna Kamal 
Bhowmik and Mudrika Jani, Literary references on metals, metallic objects of art and metal 
technology, in: Vibha Tripathi (ed.), 1998, Archaeometallurgy in India, Delhi, Sharada Publishing 
House).  
 
Tin from Meluhha 
 
Tin might have been obtained from the mines in southern central Asia and Iran through Shortughai. 
Within Bha_rata, the nearest major source of tin is the region of Bastar (Orissa, southern Madhya 
Pradesh). 
 
Lead is plentiful in Mohenjodaro (Marshall 1931: 524)... Rajasthan (Rao 1973: 116), Bihar and 
Orissa (Marshall 1931: 675) contain several silver-bearing lead deposits; but these are small... the 
Ajmer and Jawar mines in Rajasthan are likely sources for these metals... Gold mines at Kolar and 
Anantapur also yield silver with gold, but not in quantity enough for commercial purposes... Lead 
mines, which could have been a source for silver as well, are situated in Faranjal in the Ghorband 
Valleyof Afghanistan and are common in southern Afghanistan, especially at Hazara Jat. Well-
known silver mines are also known to have existed near the head of the Panjsher Valley in the 
southeastern Hindu Kush and in the vicinity of Herat... Lead was added to copper to increase the 
feasibility of molding and has been extensively reported in Harappan artefacts (Agrawal 1971: 
156)... Lead might have been used mainly as a smelting flux. This is evident because of the 
discovery of copper ore together with a small piece of lead in a bricklined pit in a house at 
Mohenjodaro (Mackay 1938: 41)...  
 
Rajasthan copper mines are at Khetri, Singhana, Kho-Dariba (Alwar), Delwara Kirovli (Udaipur) 
and Debari (Udaipur) (Seth 1956)... spectroscopic analysis of the Harappan artefacts and various 
ores shows that there is a close correspondence with the Khetri mines (Agrawal 1971: 175)... there 
are copper celts, Indus arrowheads and pottery of the third millennium B.C. (Agrawala 1978, 1979) 
from Ganeshwar (Sikar District)... Khetri is only 60 kilometres from Ganeshwar... There are copper 
deposits in Zhob district (Mughal 1970: 194), Robat (Hunting Survey Corporation 1961) and Shah 
Bellaul (Forbes 1972) area of Baluchistan... Huan Tsang mentions copper mines in Afghanistan and 
ancient workings have been located near the Safed-Kuh between Kabul and Kurram (Forbes 1972: 
13). Shah Maqsud also contains rich veins of copper ore and it is said that Nadir Shah exploited 
them (Forbes 1972: 13). Rich ores are also said to occur at Nesh, 100 kilometers from Kandahar. 

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



 81 

Other localities are Tezin, east of Kabul, Musai in the Shadkani Pass and the Silwatu Pass (Forbes 
1972:13). Iran is rich in copper, and metallurgy has a long tradition going back to the fifth 
millennium B.C. at Tal-i Iblis in Kirman (Caldwell 1967). The best mines are in Kirman as well as 
Kal-seb Zarre, Sabzwar and Cahr Daud near Meshad, Kaleh near Astrabad and in Elburz mountain 
districts of Kashan Kohund and Isfahan and Anarak (Wertime 1968)... Kyzyl Kum desert has a 
copper industry at Temba Bulach but this is of uncertain antiquity (Kalesnik and Pavlenko 1976). 
The eastern Iranian border also has a long belt of copper deposits...  
 
The ore cassiterite yielded tin. Antimony was another alloy with copper to make bronze; antimony 
was derived from Caucasian ores. Arsenic  was also used as an alloy to yield brass.  
 
Stein collected a few bronzes from Shahi Tump, Mehi, Siah Damb and Segak Mound, all of which 
have a high tin percentage... tin was a precious commodity as is evident from the findings of bronze 
scraps, stored along with other valuables in copper vessels at both Harappa and Mohenjodaro (Vats 
1940: 381; Marshall 1931: 488). According to Agrawal (1971: 168) only 14 percent of Harappan 
tools were alloyed in the optimum range of 8 to 12 percent tin. Furthermore tin bronze is more 
abundant (23 percent of the tools) in the upper levels of Mohenjodaro than in the lower levels (6 
percent)... Tin deposits known in India are located in Palampur region of Maharashtra, Dharwar 
district in Karnataka and Hazari Bagh District of Bihar (Marshall 1931: 682). Bhilwara in Rajasthan 
and Hosainpura in Gujarat are also known to have a limited quantity of tin (Chakrabarti 1979: 70). 
Outside India, on the western frontier, tin is known to occur in Kuh Banan, Karadagh and Khorasan 
(Marshall 1931: 483-484; Vats 1940: 378-82) between Astrabad and Shah Rud in Iran (Gowland 
1912) and between Bukhara and Samarkand in Soviet Central Asia (Crawford 1974; Masson and 
Sarianidi 1972: 128)... The main supply of tin may... have come from the western regions: Khorasan 
and the area between Bukhara and Samarkand (Chakrabarti 1979: 70) through sites like Shortugai... 
Tin was one of the commodities which the Sumerians got from Meluhha (Leemans 1970; 
Muhly 1976: 306-307)... it is possible that tin was basically a trading item which the Harappans 
were obtaining from Khorasan and Central Asia for export to Mesopotamia, just as they obtained 
lapis lazuli from Badakshan for export there. 
 

Seal from Shortugai incised with an antelope 
and two other pictographs.  “…Shortugai in Oxus 
basin, on the Kokcha-Amu Darya doab, has revealed 
the existence of a Harappan colony for carrying out 
trade in lapis lazuli. Apart form typical Harappan 
pottery, a seal bearing the script has also been found to 
confirm the trading character of the colony.” (Six 
decades of Indus Studies in: BB Lal and SP Gupta, 

eds., Frontiers of the Indus Civilization, Fig.  
.8, p.  
9]. 
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Sources of tin in India and Afghanistan  
(After Pennhallurick, 1986, maps 3 and 5). 
 
Sites of Indian tin ore deposits  (Fig. 2, 
Hegde, opcit.)   
 
"Tin ore deposits are known to occur in India 
at a number of places in Rajasthan, Gujarat, 
Bihar, and Karnataka. In Rajasthan, they are 
found in the Aravalli Hills, about 27 km north 
of Shahapura, near Paroli in Bhilwara district 
and at Soniana in Udaipur district. In Gujarat, 
the deposits occur within the Aravalli Hills, 
near Hussainpur and Palanpur, in Banaskantha 
district. In Bihar, tin ore deposits are reported 
from the Chota Nagpur Hills, in Hazaribagh, 
Ranchi, and Gaya districts. In Hazaribagh 
district, they are found at Simritari, Pihra, 
Chappatand, and at Nurungo. In Ranchi 
district, the deposits are foundat Jonha Silli 
and Paharsingh. In Gaya district, they are 
found at Dhakanahwa and Dhanras. In 
Karnataka, small cassiterite deposits are 

reported to be present in the alluvia of the streams flowing from the northern part of the Kapatgod Hills, 
near Dambal in Dharwar district....Cassiterite is often found in the form of water-concentrated deposits, 
referred to as 'stream tin'. R.F. Tylecote (1962, Metallurgy in Archaeology, London, Edward Arnold, p. 
63), observes more likely that it was stream tin that the ancient metallurgists exploited rather than vein 
deposits. Vein deposits are hard to mine. Proper prospecting of the alluvial deposits of the streams that 
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flow from the cassiterite-bearing hills in the Aravalli and Chota Nagpur ranges, is yet to be done...tin ore 
deposits within the proximity of the Aravalli and Chota Nagpur Hills and whether they did not form a 
source of ancient tin India. Our study on the source of ancient Indian copper seems to indicate this 
possibility. Through a spectrometric analysis and comparison of impurity patterns, we have been able to 
demonstrate the possibility of linking the copper in the post-Harappan copper and bronze objects with 
the chalcopyrite deposits in the Aravalli Hills. The chalcopyrite deposits in the Aravalli Hills form a 
discontinuous belt, extending over 150 km. And within the belt, there are a number of 7 to 8 m deep 
shafts and large slag heaps -- possible marks of ancient mining and metal-smelting activities. Among the 
excavated material remains, dated to ca. 1500 BCE from Ahar, a site within the Aravalli Hills, there were 
a number of chunks of semi-fused glass-like material. This we have chemically analyzed and identified 
as copper metallurgical slag, a waste product of the copper smelting industry. We have therefore 
observed that Ahar was an ancient Indian copper smelting center. The metalworkers there appear to have 
exploited the locally available ores. Similarly, in Bihar chalcopyrite deposits occur at a number of places, 
in Hazaribagh and Singhbhum districts in the Chota Nagpur Hills. These deposits are also marked with 
ancient metalworking activities. In the Aravalli and Chota Nagpur Hills copper and tin ore deposits occur 
in proximity. There are clear indications to show that the ancient Indian metallurgists exploited the 
copper ore deposits occurring in the Aravalli Hills. It is likely that they took advantage of the copper ore 
deposits in the Chota Nagpur Hills, as well...The geographic distribution of sites, where ancient Indian 
bronze objects were found, supports this observation. However, this does not rule out the possibility of 
import of tin into India. India has had long cultural and trade contacts with Burma, Malaya and other 
Southeast Asian countries known for their rich deposits of tin ore. These contacts increased during the 
historic period...C.J.Brown and A.K. Dey (1955, India's Mineral Wealth, Bombay, Oxford University 
Press, p. 167) refer to the fact that in 1849 tin ore was being smelted in village iron furnaces at Purgo, 
near Parasnath in Bihar. It is therefore likely that the locally smelted tin and imported tin were both used 
in the production of ancient Indian bronze objects." (K.T.M. Hegde, Sources of Ancient Tin in India, in: 
Alan D. Franklin, Jacqueline S. Olin and Theodore A. Wertime, eds., 1977, The Search for Ancient Tin, 
Washington D.C., US Government Printing Office).   
 
"Important copper mines of Rajasthan being those at Khetri and Singhana in the Jhunjhunu district and 
Kho-Darbia in Alwar District. An organic sample from Dariba has been dated by C14 to ca. 360 BCE. In 
Bihar there are important mines of copper at Rakha and Mosabani in Singhbhum district. The copper belt 
is about 100 miles in length and is marked by many ancient workings". (Bharadwaj, H.C., 1979, Aspects 
of Ancient Indian Technology, Delhi: 94).  
 
"The Early Bronze Age of the 3rd millennium B.C. saw the first development of a truly international age 
of metallurgy... The question is, of course, why all this took place in the 3rd millennium B.C... It seems 
to me that any attempt to explain why things suddenly took off about 3000 B.C. has to explain the most 
important development, the birth of the art of writing... As for the concept of a Bronze Age one of the 
most significant events in the 3rd millennium was the development of true tin-bronze alongside an 
arsenical alloy of copper... That such (arsenic alloy) ingots would be silver in color and were therefore 
known as annaku in Akkadian and d'm in Egyptian (E.R.Eaton and H. McKerrell, World Archaeology 8 
(1976): 179f.) is extremely unlikely because the former means 'tin' and the latter 'electrum'... Many 
theories have been presented to account for the spread of metallurgy in the 3rd millennium B.C., through 
Beaker Folk in the west, torque-bearers in Europe and the Eastern Mediterranean, and Khirbet-Kerak 
people in the Near East, as well as Cycladic colonists in Iberia and Trojan prospectors in eastern Europe. 
Such theories involve large-scale migration of peoples over vast distances, migrations often identified 
with one ethnic group such as Indo-Europeans or Hurrians. It is probably best to reject all such theories, 
along with the elaborate archaeological reconstructions that have accompanied them. There is no 
evidence to support the existence of any specialized group of metalworkers in the Early Bronze Age, and 
it has not been possible to substantiate any theory of migration or colonization at this time. Even the 
famous Indo-European migration into Greece and Anatolia is in need of a comploete reinvestigation... 
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(cf. C. Renfrew and R. Whitehouse, The copper age of Peninsular Italy and the Aegean, Annals of the 
British School of Archaeology in Athens 69 (1974): 343-90, p. 381)… 
 
Now everyone, from the British Isles to India and China, emphasizes the local origins of technology 
developed by indigenous cultures. Surely the pendulum has swung in the opposite direction and we are 
seeing the extreme reaction to an equally extreme past position. The truth must lie somewhere in the 
middle ground... In fact the spread of tin-bronze, the other major development in copper metallurgy in 
this period, implies the existence of some type of long-distance trade. As there are no known sources of 
tin anywhere in the Aegean, the Eastern Mediterranean (apart from Egypt), or the Near East, the 
appearance of tin-bronze in such widely separated areas as north-western Anatolia (Troy), Cyprus 
(Vounous), and southern Mesopotamia (Ur and Kish) requires a network of trade routes covering a 
considerable area... The sources of tin being used in the 3rd millennium B.C. remain the great enigma of 
Early Bronze Age archaeology... The Old Assyrian letters from the Anatolian merchant colony (or 
ka_rum) at Kultepe, ancient Kanes', covering the period known as ka_rum II, 1950-1850 B.C. , provides 
extremely detailed information on shipment of loads of tin (Old Assyrian annukum) from the capital city 
of Assur to the members of the private business-houses residing at Kanes'... All that we know is that the 
tin was brought to Assur, presumably from points to the east, and from Assur shipped overland by annual 
donkey caravans to central Anatolia. We also know that the textiles, representing the other half of the 
trade goods sent to Anatolia, came from Babylonia to the south... With disturbances in the north, 
especially in the Zagros mountains, cutting off the trade in tin with Anatolia, Sams'i-Adad I (king of 
Assyria, ca. 1850-1600 B.C.) shifted his interests westward and Mari (located on the upper part of 
Euphrates midway between Aleppo and Baghdad) became an entrepot on a trade route that brought tin 
up the Euphrates to Mari... the texts are vague as to the ultimate source of this tin, but it seems to be 
coming from Iran by a southern route through Susa. 

 
"Sources of Tin and the Tin Trade...The tin was brought to Asshur from some point further east, most 
likely Afghanistan. The Assyrian merchants purchased the tin for reshipment, by donkey caravan, and 
sale (at a 100 percent markup) in Anatloia...The Old Assyrian tin trade was on a large scale and enriched 
three generations of Old Assyrian merchant families... 
 
"Tin exists in nature in the form of cassiterite, an oxide of tin. The cassiterite most likely utilized by 
Bronze Age metal workers was alluvial or placer cassiterite, popularly known as tin-stone and present as 
nuggets or pebbles in the beds of streams...Alluvial cassiterite was collected by panning the bed of a 
stream, much like the recovery of alluvial gold...Gold and tin often occur within the same general area 
as, for example, in the Eastern (Arabian) Desert of Egypt. Ancient Sardis, the region of the Tmolus 
(modern Boz Dag) mountain range and the Pactolus River, was famous as an ancient source of alluvial 
gold, the source of wealth for Croesus, king of Lydia, but no placer cassiterite has been documented from 
Anatolia... 
 
"The similarity in geological history suggests a possible historical connection between tin and gold, with 
the two metals first being used at about the same time. This seems to be exactly what happened (except 
for the extensive use of gold in a few of the burials from the site of Varna, on the Black Sea coast of 
Bulgaria, dating to the second half of the fifth millennium, and the presence of eight massive, circular 
objects of gold and electrum in a Chalcolithic cave deposit of the fourth millennium at Nahal Qanah in 
Israel).  
 
"Bronze tools, implements, and weapons and gold jewelry appear together in the Royal Cemetery of Ur, 
the royal shaft graves of Alaca Huyuk, and the various treasures (really hoards) of Troy II...The same is 
true for the bronze metallurgy and gold jewelry of Poliochni V (yellow). All this begins in the twenty-
sixth century BCE, the date of the Royal Cemetery, and continues over the next few centuries down to 
about 2200 BCE. As indicated above, the possibility of tin, gold, and lapis lazuli coming into 
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Mesopotamia from Afghanistan is certainly an attractive one. Of these three raw materials, however, we 
can be sure of the provenance of only one. Most, if not all, of the lapis lazuli used by the Sumerians came 
from northeast Afghanistan, from the Sar-i Sang mines in the region of Badakhshan...As for tin and gold, 
it can only be said that both metals are present in significant quantities in Afghanistan and in alluvial 
form. The recovery of fine gold particles from streams, making use of the woolly fleece of sheep (the 
famous Golden Fleece of Greek legend), was still practiced in Afghanistan well into the twentieth 
century. 

 
It will be argued further, elsewhere (deciphering Soma as Electrum), that the historical between the use 
of tin and gold is exemplified by the metallurgical processes delineated by the artefacts of the civilization 
and those described in the  R.gveda -- both processes occurring principally on hundreds of sites on the 
banks of the River Sarasvati_. 
 
"Mari and the Tin Trade...the texts from Mari (Tell Hariri), dating mainly to the first half ot the 
eighteenth century BCE...(tin) came to Mari through Elam, from Susa and Anshan (now identified with 
the Central Iranian site of Tepe Malyan), and Elamites played a major role in the trade, especially a man 
named Kuyaya. Certain merchants from Mari were also heavily involved in the tin trade with Elam, 
among them a merchant named Ishkhi-Dagan (the two appear together in ARM 23 555). The tin came to 
Mari in the form of ingots (Akkadian le_'u) that weighed about ten pounds each. It is possible to obtain 
some idea of the relative value of this tin, for a number of the Mari texts provide a tin:silver ratio of 10:1 
(the most common ratio; a few texts give ratios from 8:1 to 15:1). This is to be compared with isolated 
referenced to a tin:gold ratio (48:1), a confusing silver:gold ratio of 4:1 as well as 2:1, and a lead:silver 
ratio (1200:1). The usual copper:silver ratio at Mari was 180:1 for unrefined 'mountain' copper, with 
refined (litarally 'washed') copper being valued at 150:1. This means that tin was usually from fifteen to 
eighteen times more valuable than copper...In later texts from Nuzi (fifteenth century BCE) goods were 
priced in amounts of tin. An ox cost thirty-six minas of tin; an ass, twenty-four minas. During the Middle 
Assyrian period tin seems to have functioned as the monetary standard (temporarily replacing the 
customary silver). Plots of land were purchased with tin... 

 
“…the Greek geographer Strabo (first century BCE) does refer to tin from Dangiana, Iranian Seistan 
(15.2.10), a reference that certainly could be seen within the context of an overland trade route through 
Shahr-I-Sokhta and Mundigak and on to Susa… 
 
“…not one of the oxide ingots from Crete is made of Cypriot copper, all of those found outside Crete 
were made of Cypriot copper…This also includes all of the ingots (at least all of those tested: oxhide, 
bun, and slab ingots) from Cape Gelidonya and Uluburum shipwrecks. This would mean that Cypriot 
copper was the predominant metal for the bronze industries across the Mediterranean, from Syria to 
Sardinia, from about 1300 BCE on…“ 
 
The emergence of the Iron Age (c. 1000 BCE)…’The simplicity of iron-working took metallurgy out of 
the palace, just as the alphabet had done for the art of writing.’ (p. 1517). 
 
 [James D. Muhly, Mining and metalwork in ancient Western Asia in: Jack M. Sasson, ed., 1995, 
Civilizations of the ancient Near East, New York, Charles Scribner’s Sons, pp. 1501-1521]. 

 
"The cuneiform archives contain a number of 'recipe' texts, giving the amounts of coper and tin used to 
make specified amounts of bronze. One of the earlist such texts, from Palace G at Ebla, records that 3 
minas, 20 shekels of tin were alloyed with 30 minas of copper to produce 200 objects of bronze, each 
weighing 10 shekels. In other words, 200 shekels of tin were mixed with 1,800 shekels of copper to 
produce 2,000 shekels of a 10 percent tin-bronze. In one Mari text 20 shekels of tin were added to 170 
shekels of refined copper from Teima at the rate of 1:8, to produce 190 shekels of bronze for a key (to 
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the lock of a city gate)...This means that smiths at Mari were working with the metals themselves--with 
copper and tin--not with ores or minerals. That is no smelting was being carried out in the vicinity of the 
Mari palace...  

 
"At the other end of the Mari trade network, the texts record that tin stored at Mari was transhipped to 
various cities in the Levant, from Karkamish in the north to Hazor in the south. This we learn from a 
remarkable tin itinerary that concludes with the recording of '1 (+) minas of tin to the Cretan; 1/3 mina of 
tin to the translator, chief (merch)ant among the Cretans; (dispensed) at Ugarit...' (ARM 23 556). This 
striking passage indicates that there were Minoan merchants (the text uses the name Kaptaru, generally 
taken to designate the island of Crete) doing business (perhaps also residing) at Ugarit (modern Ras 

Shamra) toward the beginning of the Old Palace 
period in Crete. Furthermore, the Minoan 
merchants seem to have had a translator 
(Akkadian, targamannum; the origin of the 
common European 'dragoman') who was also the 
leader of the Minoans doing business at Ugarit. 
Such translators are known from other periods of 
Mesopotamian history. We have the cylinder 
seal of a Sargonic official who served as 
translator for the Melukkha merchants who came 
to Agade from the Indus Valley, perhaps 
bringing with them the tin of Melukkha, a 
commodity mentioned in one of the statue 
inscriptions of Gudea, ruler of Lagash. A Mari 
text, dated to the ninth year of the reign of 
Zimri-Lim, refers to the construction of a 'small 

Kaptaru boat', perhaps to be taken as a model ship for ritual purposes or as the designation of a ship built 
for sailing to Crete. A possible parallel for this would be the Egyptian references to Byblos ships (for 
sailing to the ancien Syrian port of Byblos (modern Jubayl) and Keftiu ships (built for sailing to Crete)... 

 
"Bronze certainly was being produced in Middle Minoan Crete, with production undergoing a great 
expansion during the Late Bronze Age, as it did on the Greek mainland...The problem is that, at present, 
no satisfactory analytical method for studying the provenance of tin has been discovered." (James D. 
Muhly, 1995, Mining and Metalwork in Ancient Western Asia, in: Jack M. Sasson, ed. 1995, 
Civilizations of the Ancient Near East, Vol. III, New York, Charles Scribner's Sons, pp. 1501-1521). 
 
Tin3 used in Harappan civilization is well attested. (Hegde 1978; Chakrabarti 1979; Muhly 1985: 
283; Stech and Pigott 1986: 43-4). Gudea c. 2100 BC, identified Meluhha as the source of his tin 
(Falkenstein 1966: i.48: Cylinder B: XIV). "...tin may well often have travelled by sea up the Gulf 
from distribution centres in the Indus Valley. In the Old Babylonian period tin was shipped through 
Dilmun (Leemans 1960: 35)... It is now known that Afghanistan has two zones of tin mineralization. One 
embraces much of eastern Afghanistan from south of Kandahar to Badakshan in the north-east corner of 
the country (Shareq et al. 1977); the other lies to the west and extends from Seistan north towards Herat 
(Cleuziou and Berthoud 1982), the valley of the Sarkar river, where the hills are granitic. Here tin 
appears commonly as cassiterite, frequently associated with copper, gold, and lead, and in quantities 
sufficient to attract attention in antiquity. Bronzes at Mundigak, and the controversial Snake Cave 
artefacts, indicate local use of bronze by at least the third millennium BCE (Shaffer 1978: 89, 115, 144). 
A number of scholars have pointed out the possibility that tin arrived with gold and lapis lazuli in Sumer 
through the same trade network, linking Afghanistan with the head of the Gulf, both by land and sea 
(Stech and Pigott 1986: 41-4)." (Moorey, 1994, opcit, p. 298-299).  
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Ancient trade in tin 
 
“There is also some indication that Elamites were involved in the trade... The tin was shipped to 
Mari in the form of ingots (Akkadian le_'u) and there stored in various parts of the palace known as 
abu_sum (storeroom), the bi_t kunukki (seal-house), and the kisallu (courtyard)... More evidence on 
the copper trade comes from Old Babylonian Ur, where the excavator, Sir Leonard Woolley, 
uncovered the house of Ea-na_s.ir, a merchant who specialized in the trade in copper, located at 
what Woolley called No. 1 Old Street. A number of texts found in the area and dating to the reign of 
Rim-Sin, king of Larsa (1822-1763 B.C.), record Ea-na_s.ir's activities in the copper trade, which 
consisted of importing what is called Tilmun copper... called Magan copper in earlier periods, 
which was shipped to Mesopotamia up the Persian Gulf. [A. Leo Oppenheim, The Seafaring 
Merchants of UR, JAOS 74 (1954): 6-17, and J.D. Muhly, 1973, Copper and Tin, Conn.: Archon., 
Hamden; Transactions of Connecticut Academy of Arts and Sciences, vol. 43) p. 221f. ]... However, 
the shipment of tin all the way from Iran to southern Mesopotamia and up the Euphrates to Ugarit 
and beyond to Crete represents a trade route of epic scope... the so-called Dark Age lasting from ca. 
1600 to 1400 B.C... saw the establishment of the Hurrian kingdom of Mitanni, with its Indo-Aryan 
background (T. Burrow, The Proto-Indo-Aryans, 1973, Journal of the Royal Asiatic Society, 1973: 
123-40)... the recipes for making bronze contained in many Bronze Age cuneiform texts. The 
following text from Mari is a good example: (Text is G. Dossin: Archives de Sumu-lamam, roi de 
Mari, RA 64 (1970): 17-44, esp. 25, text n.6. The specification te-ma-yu which  appears in several 
texts from this archive, is really of unknown meaing). Here the proportions are quite exact: 20 
shekels of tin is added to 170 shekels of copper (almost 1:8) to make exactly 190 shekels of bronze. 
This means that there was a fair amount of metallic tin in use during the Late Bronze Age. By ca. 
1400 B.C. tin was being used in Greece to cover clay vases destined for the grave, in order to make 
them look like silver, and to line ivory cosmetic boxes to keep the ivory from being stained by the 
rouge or ointment placed inside..."  
 

1.1/3 MA.NA AN.NA  
2. a-na 2 5/6 MA URUDU.LUH.HA  
3.TE-MA-YU  
4. i-na 8 GIN.TA.AM ba-l[i-e]l  
5. SU.NIGIN 3 MA.NA 10 GIN ZABAR  
6. a-na nam-za-qi-im  
 
1/3 mina of tin to 2 5/6 minas     
of washed copper from  
Tema (?) has been alloyed  
at the ratio of 8:1  
Total: 3 minas, 10 shekels   
of bronze for a key  

 
"According to ratios given in the texts tin was very cheap, as high as 240:1 and 180:1 in a tin/silver 
ratio. What is curious is that bronze was twice as expensive as tin, for a text says of a payment that 
'if (paid) in tin (it should be) at the ratio of four minas (of tin) per (shekel of silver), if in bronze at 
the rate of two minas.'  (Text is Harvard Semitic Studies (HSS) XIV as quoted in Chicago Assyrian 
Dictionary (CAD), s.v. annaku, 129a). This seems to indicate a great increase in the amont of tin in 
circulation during the period 1500-1300 B.C... One text even refers to an alloy (Akkadian billatu) 
composed of 1 mina of copper and 8 1/2 shekels of tin, giving a ratio of 7:1. (Text is 
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Keilschrifttexte aus Assur verschiedenen Inhalts 205, quoted in CAD, s.v. billatu, 226a.)  In the Old 
Assyrian period one text gives a ratio of 8:1 (4 minas of copper, 1/2 mina of tin, the metal being 
destined for the smith, Akkadian nappa_hum)(Text is Cuneiform Texts from Cappadocian Tablets 
in the British Museum (CCT) I 37b, quoted in CAD, s.v. annaku, 128a.)   
 
(See J.D. Muhly, New evidence for sources of and trade in bronze age tin, in: The Search for 
Ancient Tin , Washington, D.C., Smithsonian Institution Press, 1978, pp. 43-48)(James D. Muhly, 
The Bronze Age Setting, in: Theodore A. Wertime and James D. Muhly (eds.), 1980, The Coming 
of the Age of Iron, New Haven, Yale University Press, pp.25-67.)  
 

Crescentic battle-axe unearthed from an Ur 
tomb  (Seton Lloyd, The Archaeology of 
Mesopotamia, London, Thames and Hudson, p. 
126: Weaponry in Mesopotamia (Early Dynastic 
levels at Sumerian sites 2500-2016 B.C.) This 
battle-axe is one of the weapons unearthed from Ur 

sites. 
 
Weaponry in Mesopotamia (Early Dynastic levels at Sumerian sites 
2500-2016 B.C.): "(The products of metalsmiths), in the form of 
weapons, implements and utensils, have survived in great numbers, 
side-by-side with pictorial representations of the purposes for which 
they were used. In a well-known relief, spears, shields and helmets of 
copper are to be seen; in another battle-axes; 'guardian' figures in seal 
designs wield daggers with crescent-shaped handles; 'rein-rings' with 
their animal mascots appear on chariots in battle-scenes; and at a 
'banquet' copper 'drinking-tubes' are used.")  
 
Metal tools and weapons from Ur tombs 
  
Top row : tanged and ribbed spearheads;  second row : leaf-
shaped spear-head, harpoon, knives and daggers;  third row : 
drill-bits, straight and curved pins with eyeleted shanks;  bottom row : a and b, scrapers; 
c, chisel; d and e, socketed adzes and f, axe cast i n a two-piece mould; g and h, 
crescentic battle-axes.  
 
"...there is no record as to what Sumer delivered to Meluhha...Connections between Sumer and Dilmun 
are obvious in  both directions, especially from seals; gulf seals in Hili (United Arab Emirates) and 
Lothal demonstrate the contact between Dilmun and Makan or the Indus Valley civilization. The stone 
weights found by Bibby in Qalhat al-Bahrain (Bibby, 1970: 372, pl. 18b) prove that far-reaching 
influence of the Indus Valley in the organisation of commerce in Dilmun by the use of its weights 
system, together with the original stone weights... site near the village of Al-Maysar... The (copper) 
ingots have a bun-shaped form which is typical of the third millennium BCE and occurs from Tell 
Chuera in Syria throughout Mesopotamia to Lothal in India (Moorgat and Moorgat-Correns, 1978; 
Memoires de la Mission Archeologique de Perse, 25: 190, fig. 21; Rao, 1963)...  
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"The main importance of a seal found in 1980 in Maysar-1 (Weisgerber, 1980), is the fact that the 
Makan/Oman civilisation used seals, as did the great cultures of the Nile, Euphrates/Tigris and Indus. 
But it is also a convincing proof of contact between Meluhha and Makan. On three sides six animals are 
engraved: two caprides, an ibex and a wild goat; a zebu cow and a scorpion; a dog and again a wild goat. 
In our context the zebu cow is the most important. Together with the humped bull painted on a jar from 

Umm an-Nar (Bibby, 1970: 280) it demonstrates the presence of 
these animals in the Oman peninsula during the third millennium 

BCE. This again proves 
contact with India.  
 
Hajjar, Bahrain. Triangular 
prismatic seal (Bahrain 
National Museum) 
 
"A new seal from Hajjar in 

Bahrain now  gives the same evidence, its shape being nearly identical with the Maysar-1 seal. Among 
its three engravings are a short-horned bull and an insription in Indus Valley script (Weisgerber, 1981: 
218, fig. 54)." (Gerd Weisgerber, Makkan and Meluhha--third millennium BCE copper production in 
Oman and the evidence of contact with the Indus Valley, in: Parpola, Asko and Petteri Koskikallio (eds.), 
South Asian Archaeology 1993, Helsinki, Suomalainen Tiedeakatemia, 1994). 
 
"The carbonate minerals of copper, malachite and azurite, have long been used as semiprecious stones 
and as pigments (for green and blue, respectively)...It is always important to distinguish between mineral 
and metal. The carving of malachite as a semiprecious stone has nothing to do with copper metallurgy. 
Nor does the use of hematite (iron oxide) in Chalcolithic maceheads and Old Babylonian cylinder seals 
have anything to do with iron metallurgy...The earliest massive copper artefact from the ancient Near 
East is probably the copper macehead from level 2B at Can Hasan, in southern Anatolia, dating to about 
5000 BCE...From about 5000 BCE the site of Tall-i-Iblis, in southern Iran, has produced an array of 
small bowl furnaces and crucibles that have been associated with copper smelting. 
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"Copper Workshops. The best example of a pre-Bronze Age copper workshop is probably that from 
period II9 at Tepe Ghabristan (just west of Tehran), dating to about 4500 BCE. Excavations there yielded 
crucibles, molds, a tuyere, some sort of furnace, and a deep bowl with more than twenty kilograms 
(about forty-five pounds) of copper ore in nut-sized pieces. A copper workshop from late Ubaid levels at 
Degirmentepe, on the upper Euphrates and dating to about 4000, is known only from brief preliminary 
reports, as is the copper workshop from Chalclothic Nors'untepe in Keban area of southeastern Turkey... 

 
"In Iran the site of Susa (modern Shush) has yielded a wealth of metal finds, including a collection of 
fifty-five large and small flat axes, chisels, pins, and flat mirrors, made of copper or arsenical copper and 
dating to about 4000...There is also some evidence to indicate that by the late fourth millennium BCE, 
Mesopotamian metalworkers were experimenting with different alloys. A small lion figurine from Uruk 
(modern Warka), of the late Uruk or Jamdat Nasr period, was found to contain 9 percent lead; and an 
unusual type of arrowhead from the Riemchen Building at Uruk contained more than 25 percent silver. 
 
"Various workshops for copper (and bronze) metallurgy have been identified in Mesopotamia, but 
nothing very convincing before the early second millennium BCE. From that period, workshops were 
spread over a wide area including the ka_rum Kanesh (modern Kultepe), level Ib (southern Anatolia), 
Tell Sweyhat (Syria), and Tell edh-Dhiba'i (suburb of Baghdad). Tell edh-Dhiba'i produced an 
impressive array of crucibles, molds, tuyeres, and pot bellows...In the early third millennium the 
Sumerians, for no obvious reason, are thought to have switched to copper from Oman, an area known to 
them as the land of Magan (as it was to the Greek geographer Ptolemy (second century CE), who knew 
the region of the Persian Gulf as the Mago_n kolpos). Iranian metallurgy continued to develop during the 
course of the third millennium, but it is possible that the development of Gulf trade, resulting in the 
establishment of contact with Harappan civilizatin of the Indus Valley, prompted a Mesopotamian shift 
from Iran to more convenient (perhaps more accessible) sources of copper in Oman. It is also possible 
that an Iranian (or Elamite) shift in focus to the Central Asian lands of Bactria and Margiana cut off 
Mesopotamian access to the copper deposits of Iran, forcing the Sumerians to seek new sources of 
copper... 

 
"The Bronze Age exploitation of the Omani copper deposits seems to have coincided with what are most 
likely two related phenomena: (1) references in Mesopotamian texts to copper from Magan and to 
obtaining that copper either directly from Magan or through the intermediate agency of Dilmun (the 
island of Bahrain)-- the copper did not come FROM Dilmun but THROUGH Dilmun; and (2) the period 
of the Mature Harappan phase of the Indus Valley Civilization. 
 
"This second correlation suggests that contact and trade with Mesopotamia were factors contributing to 
the development of the Indus Valley civilization, established in an area known to the Sumerians as the 
land of Melukkha. So close was the relationship that the traders of Dilmun used the same system of 
weights and measures as that found in the Indus Valley. From the figures given in Sumerian texts it 
would appear that the Dilmun shekel was about three times heavier than the standard Sumerian one. It 
has been thought by some scholars that transactions at Ebla (modern Tell Mardikh) were also conducted 
on the basis of the Dilmun shekel, but this reading of the sign in question in the Ebla texts cannot be 
substantiated, and all theories regarding references to Dilmun at Ebla remain conjectural. 
 
"The amount of copper involved in this trade was quite considerable. One text from Ur (UET 5 796), 
dated to the reign of Rim-Sin of Larsa (1822-1763 BCE), records the receipt in Dilmun of 611 talents, 6 
2/3 minas of copper (presumably from Magan). This shipment, according to the text, was weighed 
according to the standard of Ur, giving a modern equivalent of 18,333 kilograms (40,330 pounds) of 
copper. One-third of this copper was earmarked for delivery to Ea-na_s.ir of Ur, a merchant who had 
close connections with Magan and the Dilmun copper trade...This contact beween Metopotamia and 
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the Indus Valley, the land of Melukkha, was clearly by sea and must have brought products across 
the Arabian Sea and the Persian Gulf. These products included the copper of Magan. Did they also 
include the tin of Afghanistan and Central Asia, perhaps the tin designated by Gudea, king of Lagash 
(now known to be a contemporary of Ur-Nammu, king of Ur, circa 2100 BCE), as the tin of Melukkha?" 
(James D. Muhly, 1995, Mining and Metalwork in Ancient Western Asia, in: Jack M. Sasson, ed. 1995, 
Civilizations of the Ancient Near East, Vol. III, New York, Charles Scribner's Sons, pp. 1501-1521). 
 
Industrial Revolution of the Bronze Age, centering in the use of fire  
 
Pa_n.ini states in As.t.a_dhya_yi that tools and implements made of copper and other metal were 
used by a metal smith. (As.t.a_dhya_yi, 2nd edn., Varanasi, 1963, p. 234). Patanjali 
(Maha_bha_s.ya) comments on Pa_n.ini's su_tra - jivika_rthe ca_pan.ye (v.3) that the Mauryas had 
made images of Gods for obtaining gold. The reference is perhaps to metal images. (Kielhorn, ed., 
Maha_bha_s.ya, vol. II, Bombay, 1906, p. 429; see also J.N.Banerjee, Develoment of Hindu 
Iconography, p. 44).  
 
Gungeria in present day Madhya Pradesh yielded a unique hoard of some 526 copper and silver 
objects (copper objects 376.02 kg; silver objects 0.93 kg). S. Piggott characterized the copper hoard 
people as food-gathering tribesmen with an economy centred on fish-spearing (1st half of second 
millennium (Piggott, S., 1944, 173-182) and as "refugees and displaced persons" from the Punjab 
and the Indus valley (Piggott, S. 1950, 238).  

 
Copper anthropomorph found at Sheorajpur, Dist. 
Kanpur , U.P. a fish sign is inscribed on the chest. 
Lucknow Museum (nos. 348-350). The curved 'hands' are 
reminiscent of the curved horns of a ram; weight range of 
similar objects: ca. 3000-6000gms.; height range: 30.2 -47.9 
cm. Some anthropomorphs weigh over 6 kgs. A hoard at 
Ghangaria also yielded sheet-silver bull's heads and discs. It 
is possible that the anthropomorph represented a votive 
deposition of metal riches, in ingot-like form. (cf. Paul Yule, 
1997, The copper hoards of Northern India, Expedition, Vol. 
39, No. 1, p. 32). The inscribed 'fish' sign may yield a clue, 
if this is 'read' consistent with the readings of the earlier 

'Harappan script' signs 
denoting a fish and variants 
of the 'fish' signs. Most of 
the hoard objects are of non-
alloyed copper.  
 
Anthropomorph. Copper.  Bisauli, Allahabad Museum. 
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So far 20 anthropomorphic figures of copper have been reported.  One type is between 23.2 to 24.1 

cm. High  with long curving arms (horns?) and 
average weight of 1,260 grams. 
Distribution of anthropomorphs in the Ganga-Yamuna doab  
Distribution of double axes in the Sarasvati River Basin  (After Plate 102 in: Yule, 1985, 
opcit.)  

 
B.B. Lal published 35 hoard objects -- shouldered axes, bar celts, rings, harpoons, antenna swords 
and anthropomorphic figures --  from a dozen findspots in the Ganga-Yamuna doab. (Lal, B.B., 
1951, 20-39). "Lal also raised the question, whether the authors of the Hoards possibly were not 
related to the later inhabitants of the area, i.e. the Proto-Australoid Mundas, the Santals and other 
tribes. Dark-skinned, short of stature and with flat noses, these tribesmen conceivably are the latter 
day successors of the Nishadas described in the Vedas, who the invading Aryans encountered on 
reaching the plains of the northern part of the subcontinent. Difficult to substantiate is Lal's theory 
that 'Neolithic' bar celts in stone, which resemble metallic bar celts and bar celt-ingots from Madhya 
Pradesh and eastern Chota Nagpure, are the prototypes of the pre- or non-Aryan Copper Hoards...in 
terms of the metal technology and artifact form, the culture on the subcontinent seems in essentials 
to have an individual character and to be free of tangible foreign influence..." (Paul Yule, 1985, 
Metalwork of the Bronze Age India, Munchen, C.H. Beck'sche Verlagsbuchhandlung, p.3). 
 
Copper Hoard Weapons: autochthonous evolution and links with Sarasvati civilization  

Copper hoard weapons. National Museum, New Delhi. 
[After Figs. 4  to  48 in GN Pant, 1978]. These eight 
weapons were acquired in  
965. Fig. 4 . Double-barbed harpoon with straight barbs; 
one knob has a hole. Fig. 42. Double-barbed harpoon 
with curved barbs; 37 cms. Long. Fig. 43. Antennae 
sword. Two holes at the base on either side of the medial 
ridge. 47 cms. Long. Fig. 44. Shouldered celt with two 
short kinks; 2  cms. Long. Fig. 45. Long flat celt; 20 cms. 
Long. Fig. 46. Triangular flat celt with straight cutting 
edge; 0.5 cms. Long. Fig. 46. Triangular flat celt with 
crescent-shaped cutting edge; 6.5 cms. Long. Fig. 48. 

Oval flat celt with rounded cutting edge; 4 cms. long. 
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Shahabad (UP). 2 nd millennium Bce. National Museum, New Delhi. Long, tapering, 
double-edged, pointed sword with a strong, medial r ib.  The hilt bifurcates like the 
antennae of an insect hence it is called ‘Antennae sword’. The two projections (one missing) 
of the hilt are bent and touching he pommel. At the base of the hilt are two holes, on on each 
side of the medial ridge. 47 cms. Long. [After Plate III, GN Pant, 1978] 

Antennae-hilted copper swords. A. 
From Bactria, northern Afghanistan; 
52 cm. B. From Fatehgarh, Uttar 
Pradesh, India. Gangetic copper 
hoards. 63.5 cm. [a. After Sarianidi, 
1986, Die Kunst des alten 
Afghanistan. Leipzig: fig. 75; b. DH. 
Gordon, 1960, The prehistoric background 

of Indian culture, Bombay: pl. 27b] 

 
Since many copper hoard weapons were found isolated discoveries and not related to 
stratigraphically determined excavation sites, the dating of these finds has been problematic. The 
weapons found in (Kaushaya, Himi, Pondi, Gungeria and Dunria) Bengal, Bihar, Orissa and eastern 
Madhya Pradesh included: lat celts, shouldered celts, bar celts, chisels and rings. The techniques 
used include: forging, hammering and rudimentary casting; the weapons follow the patterns and 
styles of stone tools of the Neolithic period indicating that this zone represented the original home 
of the copper industry in Bha_rata. In addition to these weapons, antennae-hilted swords, hooked 
spear-heads, harpoons and anthropomorphic figures were found at Rajpur Parsu, Sirthauli, 
Sheorajpur and Mainpuri (of the Yamung-Ganga Doab and Uttar Pradesh). The weapons of this 
region show some improved techniques of casting, cutting and notching. A few weapons have also 
been found in the chalcolithic contexts in about 12 sites in Rajasthan, Gujarat, Malwa, Deccan and 
Mysore; a few new types of weapons are also noticed in this zone: curved axe-blade and single 
splayed-sided axe-blade. The finds in securely dated strata are related to the late Harappan or post-
Harappan chalcolithic cultures. BB Lal’s analysis of the anthropomorphic figure from Bisauli 
showed 98.77% copper content (BB Lal, 1951, p. 24). Smith found four implements to be bronze: 
 
Celt from Jabalpur with 13% tin 
Elliot Sword (No. 634, 3.83; Natural History Museum, Edinburgh) found at Fatehgar; it is also 
called a hooked spear-head. [Walter Elliot Smith describing a similar weapon called it a ‘sword’.] 
Harpoon of the Ganga Basin (Norham Castle, UK): 7.97% tin 
Elliot Harpoon. 
 
DP Agarwal’s views, based on spectroscopic and metallographic analyses of many copper hoard 
artifacts, are that there was little evidence of alloying but the techniques included close-casting 
(without cold working or annealing) and based on pure copper. Mackay found six implements 
(dagger, knives and dirks) with mid-ribs at Mohenjo-daro. These are comparable to the technique of 
mid-rib implements in Shah Tepe, Iran and Afghanistan. There are two spear-heads found at 
Harappa with mid-ribs. There is, therefore, a possibility that the Copper Hoard workers and 
Harappan workers had contacts. Implements with raised mid-ribs have also been found at post-
Harappan chalcolithic contexts at Navadatoli, Chandoli and Daimabad. 
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Copper hoard and other weapons. Find spots.  Map after BB Lal, 1951. 
 
Vincent Smith, BB Lal and SP Gupta have made a survey of the copper hoard weapons discovered 
since 1822 CE in an extensive area from Bengal to Uttar Pradesh, from Rajasthan to the Deccan, 
with pronounced concentration in the Ganga plains reaching upto Chhota Nagpur and Ranchi in 
Bihar. [Vincent A. Smith, 1905, The copper age and prehistoric bronze implements of India, Indian 
Antiquary, XXXIV, pp. 229-44; 1907, XXXVI, pp. 53-55; BB Lal, 1951, Further copper hoards 
from the Ganga Basin and a review of the problem, Ancient India, No. 9 (Jan, 1951), pp. 20-39; SP 
Gupta, 1963, The copper hoards: the problems of homogeneity, stages of development, origin, 
authorship and dating, Journal of the Bihar Research Society, vol. 49, pp. 1-7; cf. vol. 51 (1965)]. 
Hiranand Shastri reported on the discovered including antennae swords from Bithur, Bulandshahar 
and Hardoi. (H. Shastri, 1905, Recent additions to our knowledge of the copper age antiquities of 
the Indian Empire, Journal of Asiatic Society of Bengal, New Series, XI, pp. 1-16.] Similar weapons 
were reported from Bihar by Coggin Brown, Campbell and Roy. [J. Coggin Brown, 1915, Journal 
of Bihar and Orissa Research Society, Vol. I, pp. 127-28; A. Campbell, 1916, Journal of Bihar and 
Orissa Research Society, Vol. II, pp. 85-86; S.C. Roy, 1916, Journal of Bihar and Orissa Research 
Society, pp. 482-483]. Three antennae sword specimens from Hyderabad were published in the 
Annual Report of the ArchaeologicalDepartment, HEH the Nizam’s Dominion for 1937-40, 1942, 
Calcutta, pp. 22-24. Further analyses were made by Piggott and Helden-Geldern. [Stuart Piggot, 
Prehistoric copper hoards in the Ganges Basin, Antiquity, No. 72, pp. 173-182; R. Heine-Geldern, 

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



 95 

Archaeological traces of the Vedic Aryans, 1936, Journal of Indian Society of Oriental Art, IV, pp. 
87-113; 1937, New light on the Aryan migration to India, Bulletin of American Institute for Iranian 
Art and Archaeology, V (June 1937), pp. 7-16; 1956, The coming of the Aryans and the end of the 
Harappa civilization, Man, Vol. LV (October, 1956), pp. 136-40]. BB Lal questions Heine-
Geldern’s conjectures and notes the differences between the objects which had parallels with 
western regions and those found in the Ganga plains. Geldern’s analysis is incomplete because the 
implements from Koban (which he claims to be an example of foreign influence on the copper age 
of Bha_rata) have the hilts and blades separately whereas the specimens found in Bha_rata have the 
hilts and blades cast in one composite piece. The dagger from Bithur with  blunt antennae has a 
comparable specimen from the Koban dagger (Museum of St. German).  Here also, the hilt and 
handle are separate pieces joined subsequently in the Koban specimen while the Indian specimens 
have ridged cross-section and a hole to tie to a shaft-pole. The hilt and the blade of the Indian 
specimens are a single cast. One specimen from Shahabad, UP has two holes on either side of the 
medial-rib. Thus the antennae swords displayed in the National Museum, Delhi, are indigenously 
evolved weapons of Bha_rata and unrelated to barbed types of other western regions. 
 
Antennae swords. National Museum, Delhi (After SP Gupta, 1963]. Thirteen antennae swords out 
of a total of eighteen have been found at Fatehgarh. One has been found at Bithur and four swords 
of the Museum have been purchased from a dealer in Mehsana, Gujarat. 
 

Geldern rightly notes that the two harpoons 
found from Ganga-Yamuna doab and 
Maitathal in Chautang valley are of indigenous 
origin: 
 
Harpoon from Sarthauli and Bisauli.  2nd 
millennium BCE. National museum, New 

Delhi. [After Pls. I and II, GN Pant, 1978]. The Bisauli harpoon is 
17 inches long; has a strong medial-rib and a long, tapering blade. 
The middle part has three pairs of barbs which are incurved and 
pointed. A pair of knobs is seen at the junction of the barbed portion 
with the tang; one of these knobs has a perforation (also called 
‘eye’) and this is used to tie the harpoon to the shaft. The weapon 
was originally cast and later hammered. The specimen from 
Sirthauli indicates that the barbs wwere cut out from the blade and 
sharpened by filing. (BB Lal, 1951, p. 25). [Figures 98 and 99 after 
GN Pant, 1978].  The simple barbed weapons from Transcaucasia, 

Talish and Luristan (Iran) could not have inspired these harpoons found in Bha_rata. No trace of 
any movement of similar weapons has been identified archaeologically. Harpoons have been found 
in six sites in UP (Pariyar, Bithur, Rajpur Parsu). 
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On the contrary, the harpoon specimens compare with the cave 
paintings of Gharmangur, Dist. Mirzapur, Uttar Prade sh . 
Rhinoceros hunt. Ghormangpur cave, Mirsapur (UP); the barbed 
harpoons were perhaps hafted in wooden poles to be used as spears. 
(After BB Lal, 95). 

 
“YD Sharma [YD Sharma, 1961, Summaries of papers, International Conference of Asian 
Archaeology] has discovered ochre-coloured ware at Bahadarabad (near Hardwar) which is a 
Copper Hoard site. RC Sharma and OP Tandon [Quoted by SP Gupta, pp. 1-7] have also found 
similar types in the ochre-coloured ware at Manpura and Bhatpura. On the basis of this similarity 
YD Sharma thinks that it is quite probable that the Harappans evolved new types with their 
movement (eastwards) and then the ‘Copper Hoard’ culture may be termed as the last phase of the 
eastern movement of the decaying Harappan culture…BB Lal (BB Lal, p. 39) has made three 
propositions: First, the people may be the aboriginals of the Ganga basin belonging to the proto-
Australoid group. Secondly, they may be identified as the ancestors of modern Mundas, Santhals 
etc., living in the hilly tracts of Bihar and Bengal. Thirdly, they may be the Nishadas of the Vedic 
texts whom the Aryans encountered on their arrival in the Ganga basin. SP Gupta (p. 5) has 
analysed the views of all these scholars and has surmised that in ancient days Munda speaking 
people inhabited Bengal, Orissa, Bihar, MP and UP. Amongst some of these Munda speaking 
people the copper industry originated. Due to the pressure of increasing population and natural 
search for better land, these people migrated into Yamung Ganga valley. Soon they had to 
encounter the Indo-Aryans who were proceeding from the West to the doab. They were defeated. 
Intermingling of people using the Indo-Aryan and Munda languages took place. The group which 
could not co-exist with the invaders fled and took refuge in the adjoining hilly tracts. 
 
“Vincent Smith dated these tools to c. 2000 BCE. Piggott and YD Sharma keep them between c. 
1750 and 1000 BCE. BB Lal assigns them the date of c. 1200 BCE. Gordon suggests c. 800 BCE 
and HD Sankalia has given c. 1500 BCE as their date. However, on the basis of the stylistic 
comparison and circumstantial evidence these can be assigned to the post-Harappan period. The 
chalcolithic culture and Copper Hoard culture existed side by side during the period from circa 1700 
BCE to 1000 BCE” (GN Pant, 1978, pp. 48-49). 
 

Spear-heads. Sarthauli. Of the 8 specimens found, 5 are from Sarthauli and 
one each from Fatehgarh, Manpur and Niorai. These may also be called 
‘hooked swords’ with a stout mid-rib and a small flat tang about 2 inches 
long. These are between 2.25 to 28 inches long. The projectiojn may have 
been used to fasten to the shaft. 

 
Anthropomorphic ‘all purpose’ tools 
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Anthropomorphic figure. Fatehgarh. 
 

Seven anthropomorphic figures have been discovered in Bha_rata: 3 from 
Bisauli (one exhibited in Municipal Museum, Llahabad; 2.5 in. long and  in. 
wide). , 3 from Fatehgarh and  from Sheorajpur. Such types of objects have 
not been found in any other part of the world. These were perhaps all-purpose 
tools. Some of these are very heavy, weighing ten pounds or more. The head 
is blunted, hammered into a flanged ridge; it could have been used to break 
skull of animals or enemies. It could also have been used as a missile. The 
curved arms, shaped like the horns of a ram, are sharp and could have been 
used for cutting. The long and blunt legs could have served as hand-grips or 

handles of the tool. 

 
S.R. Rao notes: "The fact that bar-celts and chisels and flat rectangular axes (celts) were as popular 
in the Copper Hoard and the Indus Valley Cultures should not be overlooked. By 1900 B.C. the 
Harappans had already evolved at Lothal the crescentic sleeved axe which is associated with the 
Copper Hoard people and resembles the Bisauli anthropomorphic figure (S.R.Rao, 1973, Lothal and 
the Indus Civilization, Bombay, Asia Publishing House, 183-84). Copper Hoard Culture (1100-800 
B.C.) is characterized by antennae sword, anthropomorph and the harpon, celts, axe-blades, socked 
axes and knowledge of closed casting method (similar to the methods of the Harappans).  
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Celts 
 
Flat and shouldered celts.  [After Figs. 107 to 122 from GN Pant, 1978, p. 54] 107. Indilapur; 
108. Dunria; 109.Bithur; 110. Bithur; 111. Najhanpur; 112. Bithur; 
113. Bithur; 114 Indilapur; 115 Pondi; 116. Sarthauli; 117. Dhaka; 
118. Bithur; 119. Dhaka; 120. Dhaka; 121. Dhaka; 122. Bithur 
Of the 32 copper hoard sites listed by BB Lal (1951), 23 have 
yielded flat celts The specimen from Poondi (no. 115) has a splayed 
out cutting edge; 7 inches long, 5 ½ inches wide and weighs 4.5 
pounds. Shouldered celts have been found from 17 sites. The 
specimens from Dhaka (Nos. 117, 119, 120, 121); the blade of one 
of these celts is 5 inches long and weighs about 4 pounds. 

 
Bar celts from Gungeria.  4 
to 6 inches wide; 1 to 2 ft 
long; bottom is flat, section is rectangular; cutting edge is 
sharpened. Copper celts imitated those in stone (BB Lal, 
1951, p. 32; Pl. XIA; fig. 5,1). The celts of this type have 
been found at Chanhujo-daro (EJH Mackay, 1943, Chanhu-

daro Excavations, Pls. LXVIII and LXXI) and at Nal. The Chanhujo-daro specimen is 10 to 13 
inches long. These weapons could have been used as cleavers. 
 
Four massive copper objects (total weight: 65 kgs. without any tin alloy, like the Copper Hoards 
which totally weighed over 400 kgs.) were found at Daimabad: a wheeled chariot with a charioteer 
and drawn by bullocks; a rhinoceros and a buffalo on four wheels; an elephant (wheels were 
missing). Daimabad site revealed 5 chalcolithic levels: Savalda culture (Savalda located on the bank 
of Tapti river), late Harappa culture, Daimabad culture, Malwa culture and Jorwe culture. 
 
S. R. Rao (1979, 1985: Lothal report) noted that Mohenjodaro copper and Rajasthan ore contained 
arsenic while the copper artefacts of Lothal were remarkably arsenic-free. The possible inferences 
are: Mohenjodaro artisans used copper obtained from sources other than Rajasthan to add arsenic; 
Lothal artisans might have used copper imported from Oman; Lothal artisans knew the techniques 
(evident in later-day Ahar) of roasting copper ore to remove arsenic. “Copper seems to have been 
purified in the Lothal workshops and exported in the form of bun ingots. One of them found at 
Lothal is of 99.8% purity and it is arsenic-free unlike the Mohenjodaro ingot.” (Rao, S.R., 1985, 
Lothal, A Harappan Port Town, 1955-62, II, Delhi). Not one of the 300 copper objects found at 
Lothal contained arsenic. 
 
Mackay (1938:450-453) refers to the occurrence of ‘quite a number of ingots and castings which 
throw considerable light on the methods adopted by the metallurgists of Mohenjo-daro.’ The ingots 
were plano-convex, 3.6 in. dia, 1 in. thick. The uneven top indicates that ‘the ore was smelted in an 
open hearth with charcoal over a cavity in the ground into which the metal ran’. Blade-axes were 
cast in closed moulds set on edge or on one end. 
 
Metallurgical-workshop-complex at Harappa  
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Drawing of Mohenjodaro (Museum 
of Mohenjodaro); cf. Jansen M., and 
G. Urban eds. Reports on Field Work 
carried out at Mohenjodaro, Interim 
Reports Vol. 2, 1987, Fig.7. 
 
Aerial view, DK-1 or Moneer area, 
Mohenjodaro (ibid., Fig.1, p. 27).  

 
Kalibangan: a floor of a lower town house with decorated tiles  

 
 

Brick platform at 
Harappa_, with 
socket; eighteen 
such circular 
platforms were 
discovered on the 
banks of the River 
Ravi (After Fig. 4  

in: Mortimer Wheeler, 976, My archaeological mission 
to India and Pakistan, London, Thames and Hudson). 

 
Source:  
http://www.harappa.com/indus2/index.html Slide 157 To the south of the "granary" or "great hall" 
at Harappa is an area with numerous circular working platforms that were built inside small rooms 
or courtyards. These circular working platforms may have been used for husking grain. One of these 
circular platforms had what may have been a large wooden mortar placed in the center.  
 
"British archaeologist Sir Mortimer Wheeler excavated a platform in 1946 and concluded it was 
used for threshing or pounding grain. But HARP's excavation of another example just west of 
Wheeler's suggests that what he took for the remains of a decayed wooden mortar was, in fact, the 
remnants of a circular pit or posthole dug through archaeological deposits from half a meter above 
the platform. We found that both platforms had been enclosed on all four sides by baked-brick 
walls, although few bricks remained because of subsequent brick robbing — some of it by the 
ancient Harappans themselves.  
"So the question remains: What was going on atop these baked-brick, circular platforms inside 
enclosed structures? At Harappan sites, platforms of closely fitted bricks laid on edge are usually 
associated with the use of water. Perhaps these circular platform installations were used to prepare 
indigo dye, which in South Asia traditionally involved fermentation in a darkened room. Sediment 
taken from between the bricks and in the center cavity of the HARP platform is being analyzed to 
test this hypothesis." Source:  
http://www.discoveringarchaeology.com/0800toc/8feature1-indus.shtml 
 
Harappa Mound AB in relation to the circular worker's platforms 
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All the 18 platforms are equi-distant from one another, the distance varying between 6.09 to 6.4 m 
from centre to centre. 'Each platform is 11 feet in 
diameter and consists of a single course of four 
continuous concentric rings of brick on edge masonry 
with a hollow at the centre equal to the length of three 
bricks. The mortar used in them is mud but the 
pointing is of gypsum.' (Vats 1940,I: 74). Vats was 
uncertain of their purpose; burnt wheat and husked 
barley were found in the hollow of Platform 8 and led 
to the surmise that they were used for pounding grains 
witha pestle. This surmise may not be correct. There is 
an assemblage of fourteen small houses between these 
platforms and Mound AB. The houses are 
symmetrically grouped along three east-west lanes 
intersected by six narrower alleys at right angles. The houses were within an enclosure wall, traces 
of which still survive. Each of these small (56 X 24 ft) detached houses was accessed through an 
oblique passage to ensure privacy; each house had two rooms with partially brick-paved floors. 
Near these houses, at a higher level, were found sixteen pear-shaped furnaces. Their major axis 
varied from 1.01 m to 1.87 m in length. A crucible for melting copper found in one of these 
furnaces is suggestive of their purpose. We, therefore, infer  that the circular platforms were part of 
the metallurgical- workshop- complex.  
 
It is likely that the center of the platform held an anvil for the brazier to hammer the metal artifacts. 
It is thus possible that this socketed platform was used to work on an anvil (as shown in E in the 
following Egyptian wall paintings).  
 

Wall paintings 
(ca. 500 BC) of 

Egyptian 
metalworking. A. 
Fires are blown to 
a glow by wind 
from bellows 
worked with the 
feet and with 
cords held in the 

hands. In the lower register metal is melted in a crucible held over the fire between two rods. B. 
Molten metal poured from crucible in to molds. C. Workmen carrying tongs and blow-pipes. D. 
Labourer emptying basket of fuel, probably charcoal. E. Vessels are beaten into shape by stones on 
anvils, polished smooth by small pebbles, and ornamented with incised decoration. The fire in the 
small furnace was probably used for soldering: Metropolitan Museum of Art (After Fig. at p. 3  in: 
J. Gordon Parr, 958, Man, metals and modern magic, Cleveland, American Society for Metals). 
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