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IsE POSSIBILEY OF S}{ELTIIG NICIEITRI@ 
-{IERIIIC 

IROn ORES In

t"T fifH"srrc serq'EEn oP PEIRES' N'w' GREEcB

0. PHSIOS and R.F. TYLE@[E' InsEitute of Archaeoloqt' Lon&n'

P. ADAM-VELEIII, Thessaloniki l{useun' Thessaloniki' Greece'

the east coast of Kythnos in the Ec II period' The copper was

il;t; cape tsourii neir a possiole coas.al' settlemen! at Ayros

Toannis. rt  was .n"nft inlp"iJ"a.Yp\i l ]  to the irdao of the

ifii.jvi. slxi"ii"" 
"n"re 

it wis srnelc-ed in srnall clav furnaces

that vrere conEalrEo tttiig;"t;*d stonebuilt structures' Thls

evidence is suFported bY the lead isortope anawsis of copper from

the mine and furnacest the samples matcn.aid also fal l  in the

sarne field as the Iqtfu;-;"*d'of-copper toels (G&S/ryqIAl:

Igfy,, 26'?-81. mi" rd;-iti been dated on^tvpological gl9TJt-::

the Ec Ir period tgsrr lniw-rSO7 t 7-g\ '  our stork on Kytnnos

supports this date una--uaaJfurtber concrete evidence to the

ivc6thesis of a period"J?t-*it""ftit and 'interrEtionalismr in

; 'hfi;ry sio;r5-ii e"e"";-(RENinEno 1s?2' 4s1-4ss)' rhis is a

period during ,rni"n tnJ"itiy'-cycladic .civi[zation 
se€rns to hat/e

flourished. Ec arr ni" ul-it i tr ighest qualitv, as shown by the

numerous exarnples .t til't[i" rtr'a"&-n:"*iigurires' mosc of vrNch

were manufacturea arriil-il'i;-P"'i"d nll!.t" also the greatest

;;;;;;i;C *eCauuiei, 
-ii 

"t'o11' !v,T'^-tii 
tools and'eapons

found in tombs and 
".dii"..nt" 

throughout the islands (Ibid"

308-338). Tttere is *iO"tti" for cont€tnpor-ary- mining if^tg|ry

ard at rhorikos' rear i*iitt' where.a q:l9dit influence may oe

seen in the potterv 6rteiils-.i9tnl,. ll$ 
of the islandersl

wealtJr mry lEve 
-,o" 

i-r* tradingr ard copper mining musC trave

als contributed.

The report given here is of a preliminary Tiur: 1":-Y:
belierre that tbe g.*"I indications a!e' correcL fttere renarn

specific probrsns' 
"uJl*'ii-" 

*uiiioility of sufficient fue] to

achierre tne hi$r t*p;;"tfi; nee&d for 'lmelting' byt ut:t" l:
no doubt that coPper-;ilG ind sneltino was undertaken rn

Kythnos in Lhe ec- p"iioJ.-- Cany contempor-trv Cvcladic coPPer

ob'iecls nere maoe of 
-xvti'niui 

@PPer' as ih6.I"^?d -i-Tjo-g:
:Hrri" Ll-*,Jiii- ;; iiii;t-th"t the operations at skourles ano

Tsoulis belong to a 
"i"+J 

ciatter in early r€taUurql'

RSFREEES

GALE, N. and sTos-GALE' s. 198-4:. 
-9y-"I^19i" 

t{etal}urg:yf ln

MacG il I iv r av una i'ur u"t 
-t 

sas'l TlcireLi'glg:is cvslgdcs'

z)f-z lo.

REli lFREw, A.C. I967: Cycladic Metal lurgy and the Aegean Early

Brortre Age' al"rtl*i 'lo"ttti 
or er"uetlwt 7I' !'2o'

RENFRO{, A.C. 19?2: Ttle El€roence of Civilization' tpn&n'

SPITAELS' P. 1984: The Early Helladi^c,P€riod in Mine No' 3

(Theatre sector),'t-roiiioi vrrr rqzzzrgze' 151-174'

Abstract

Ttris paper describes the scientific exanination of iron slag and

obiects fron Petres.' 
"';;;F;;atated 

Helrenistic seEtlenent

(3ld cent.  B.c.)  r -n.w'--ui""boniu '  EmPhasis is placed on

investisatins tnu lt*h,'!f i iF;E:t- tn6 site of nickel-rich

Iateri t ic iron ores., in'uaait ion-to the-more comnon hematite

ores. Erridence to u"J L*"nt has been prorided by tfe presence

of nicker in iron ptt ' i iJ i-rr ' i i* . t t3l--t"-L:"* rhe resurts ot

chemical and metal'Iogral-nic irves€igation -shored 
that in fact arr

but one cf the examr*e"ii;t;l;3-r.ogq-a1 Petres @ntaitEd-P

nickel, from wrucn 
"-*iJ'-nt 

-oearcea that the local smrtrs oro

nor know hoe to to.i"iil-Jtn tl'^-^t3erimental smelts ot

lateritic ores from centraf Greece were- r-ndertaken to elucidate

ouestions arislng t tot 
- 
tnl archaeological sri&ncq

Intrduction

Receng years have seen an awake-n-ing 
-of 

interest in early

excract ive i r on meuririr ;; l; ;;** 
=( 

R9-s-rocK ER/G EtsHARD t BAcK E-

FoRSB ERG,/ R rss nRG ; pH;idsZriiiipeir sZ-sALJER )' rn pa r t icur ar'

there has been a t.-"r;^iJl-"ias-inteqratlnq effort in rerating

i ron ore, slaq and ;;#;; t ;  for 
-example' 

phoco" eE EJ have

characterised sras tf ;;;-iJ"n;:.f 11"-":^"' 
resultins f rom tne

smelt ing of tr-rrcfr 
-magnet. i te 

"ul^1"- 
(PHOTOS'/KOUKOULI-

cHRvsANTHAKrZcrelt i ioui" The prese-nce of Ti acts as a

ptentially valuabte i#i"jiot of or-e type' 
^in 

the slag inclusions
-of 

iron artefacts. 
-ti-e-lresent s!qd1. is concerned with the

exper imental 
"*"rt'' 

ng'it 
tni!'nll-t 

t 
"n'i 

r on I ater i tes' the ea se

with which iron can # ;;;;;*d from tl.rflr and tle distribution

of nickel in the br#'=ffi.;;*-1+^obtairPd 
from the furnace

before hot forging' 
- ' ihs 

site of Petrest a recentl fexcavateo

Hellenistic settreme.lC 
'itiJ 

"?t*"a -an 
excerlent focus ot

attention slncer 
'"'Jaiition 

!o' th9-c^ols.iderable evidence for

iron working, N:' wasll"-"ota in ome of the iron slag' rt'I?"

suqqested that the i?lluv-r"t"iitic,.dePosits were Pos8l'Dry

iiii"-it"J""-tp""i.t",-ouLtless.in4T"r"t",r$5tff 
tu"tt?*Til

iHilii" o."".r rNs is important "tT:-tj
to establish whelher a 

-nic["'f-ri'tit artefact has been the prodrct

or raterite smertinql ffi;;; l;i!'-::t:::' the slas and the ore

co-exist on the **1 
"it" ' 

a€ is-Probablv the case at Petres'

Besides presentine d; ;;dj";i 11d'T::1il;oraphic 
anarvses or

some slag and Lr.on uit"ii"t"' this-Paper'bti"frv describes the

results ot 
"*p"rt*tit"' 

ii-ii"it-s liierites' (Early extractrve

iron metallurey ,;"oi""I"i" Lhe subject of the doctorar

,

4
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dissertation of one of us (E.ph). th9 trregilmainly concerns !n9

experirnental smeltln9. or i't* ;t-"" ft?l-^T:ltui Greece' T1-rlcn

rnaqneti !e sands ano n"^uti t"= fron Macedonia' The results ot

'iff5;r.x}.;;tt"-"iu-r" p-'tii"r"a ln Ehe near futufe')

Daf rpq

In Ehe sunmer of 1982 a Hellenistic settlement was located

on a trapezoiaar *-ou't" i ' i  r ;mt-91,^the rnodern vi l lage of

Petres, 35 km. SE o' ufoti* in w' Mace&nia (ADAM-VELENI)' The

settlenerf beronged q"o^;;;Iti";riy to- 
-ttt". 

Nl'i section of E'ordara'

a canton of upper 
"u""Hni5'Ti-ir1 

neuenistic and Roman ryt-t-1a3:

rt is a strongly f"; i i f t ;A set-t lement 
'(FrG' 

1) coverrng

approximatelv 200,00o".d-;- tT :-"-: : I"nent 
architecture

foitowed the natural 
-"fo!" una must have faced east onto the

varlgr of l\nlmtalon uni-ii"-;i; ;i Petres' s<cavation has been

carried out on ttre s'ir&! i"i"" e in.riq' r) and contilTl,ol
ff:';;; ;;U;;;;.a, i;;5; ! -i1 nis' Jl: -T'h 

areas reveared a

number of roorns tn *ni!-*oofd havd-been tw-o-storied houses' IE

has been difficult c"'!"c"uiiJ-ti'" ri*i!? of each fouse since rp

road systen has vet u="1i ialiitiiigg: .rh9 stratigraphv of'the

:n; ;il#;t;tn;t ui"-ii'" 'i" 
uuitc in t'o phases' rhe trrsE

dates to the end ". 
'Jn""iii' Eliuty e-11nei: it """ Probabrv

f ounded by a uacedonT"" 
-xitis t"'t"'"-tl-ln-"- reiqns of Antigonus

conatas and Phil ip v"- fn" i"6ond-phase Iasted'to the rniddle of

the lss century ec wne;'ihie-"L-iii"*"nt-$'as destroved by fl're'

Ttre destruction ot peir-es ina otfto toqg' i" 
Lvncus and Eordala'

districts in uFper roill"i*i' in the rnfddle of tie lst cent' Bq

is attributed ,v *ttit6trJt" tg *'!:::nq 
bv the retreating

leqions of  Domit iu; ' - ; ; ;  of  Jul ' ius Caesar 's generars

(xdrelopcxrm).

Archaeoloqical evidence obtained from four seasons or

excavalion suggests th;i-il;; wa: lot..T:rerv 
an agricurturar

settlement tut ra*ei?'iiu"n-otttt"' -:P=" 
Drosperity depenoeo

on the revenu"" pt*"^aJ'n&-onry tto* cultivalion of the fertile

Amyntaion pfuin ouil iso fron.-its position as a trading post'

given its p.o*-'^' ' ty1'"i i '-6 vii esila-t '^1 Around r30 Bc tnrs

immrtant ,*o pu"i""l-" '- i ai"tu-nce of only 2 km' from tne

se€tlerent.

Petres is also important because 9{ 
th" o<tensive sridence

of iron workinq t"i"'i;;;;*tqn ".1 
the site' rhe evidence

consj.srs of a tarst;;;; iry--;i slas,...the waste product ot

srneltinq analor s*rtfii!-ope'itions'-?"Lt11 as a large variety

of iron artefaccs 
"i'l-i"fitit'"fy.9-9 

'state of preservat-iorL-^A

total of uppro*' '*ut"iV lO XS gf'"t-"g" have been recovered trom

the site between rg:e;-La- l'ge5' To*^lf^^it 
found in a nurnber ot

rooms under tir" oestr-uJion layer and occasionally as part ot Ene

walI fabric. Ab"; 50-k; were.retr-ieved from the top of-the

mound (sE corner' 
"i#rj"nig' 

r) i l  a r-o-om Ehat v'as probabry a

metallurgical 
"ot*"f'd 

-'tire'sf'ab size r-anoes between 25-10 cm'

[tre weight of the- ilH* (i'0--1d;l gt,ect" (-olano-cornrex smithrng

hearth botcoms) ooJliit'"*t-"-ta-i'i t<9' 
- 

rn generar tht :r::-::
very porous and i'n l-tutfto poor state of presentation' A noaro

^ 
-- .  

' ) - . - -  
e '  ) '?

a* 
-  

r r )d a?'

B

r
' ' l

r !
.r..'r. ,r- 9f !-"1i.""^,(L';xt$'fr1 ;ffi"ffi: ,tltu. *n of the npuncj

il= t; i:? ii"'F"it]' L' i*"'-* where sras was rot'trrd

I
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:f .l'il::l:::;':;""::i:i".H"i:&""x""':trt""-'"'f ,i1"-€J*l
* ir :i; *r*'* g "':r a"Y"'":."Y;' ""T"; o
Material evi'dence and scientrf ic investrqation

s r a s w a s ." r'l-" t S li:":E fi"": ff i: i*i liisl ;#:i
:THLilHt ::iffi' a"u*'lili'-r*""'a on

F:i,H-r?*,+t+q$[*;l:g,#*+ln'?,:ffi
:[t E:jfi:::,$* *itr "ji*- :ili:i:" "

Minerarosicai11,,"Sliri"ir'r?"i;n?'T'Jt?i"1"!ii',1t'^1:
wustite in a siricacenffi* J_?i.," ."or"r#:iii#Lri#
t*".$"d*fl*i#ltT"g.K' $k,l' r anor r h*ic e.r,,r:

ffiffi
cannoE b€ classltle(

ip+:=1pffi '.":?','i';:ff't;i=,.iti+,1**i',1$',;3;g
{g:sg*ff'+*t';s***5;'-;i..'ru+*l=i'
#***':sl*'*:**:*#****1-4ru
fl:"Jtff "J"' ?"l,lti *" is copPer'

rn generar, there is l i i t l : : : ,T.correrat ion 
betswe'en the

;1p'';$".ti"t-'{33"'::r"lxl"':*n;q}*.#rtffi 
ii';;

Petres s1a9: dendrites of
silicate ratrixr x 303

wusti te in glassY

Petro. 6z ? blocrn with 2.251 Ni in Fe, x 605
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^hiecl-  that  is  indeed of  most interest  to th is
r"rrurrrrr : .  a^. !  vvJvv'

report  is  Petro 6 (Table 2).  I t  is  a shapeless lump of  i ron
an6ut 5 cm. long and 2 cm. wide containing 2J5t NL This object
is the only a/idence' apart from tfre prills in the slag' ttnt we
have of the smelt ing of lateri t ic iron ores in Petres. I t  was
found in the same hoard as the rest of the objects and sesns tflat
i t  was put aside as a di f f icul t  p iece to work.  The
metallogr;phic structure of the object is ferrite. and pearlite in
a widmanstatten structure (PIG. 3). I t  is est imated that the
carbon content in the presence of 225t Ni is about 0J5-0.2t c.

what is the origin of the nickel i ferrous iron in Petres?
The knovrn lateri t ic dePosits closest to the site are in the
regions around Kastoria and Edessa (59 km 51{ and 45 km NE of
Pe€res respect ively)  (ALBADAKIS 1981).  Natural Iy,  these
part iculai  deposi ts are reported in the l i terature as
bconornicaLly vtabte by modern standards. I t  is assuned that
given the laierization of the area the Petres sniths had access
io smaller and much nearer orles. Anafyses of ores from l(astoria
gave ttre following compositions: 1t Ni, 0.08t Co' 32t Fe203, 40t
sio", t .zt Mqo, 2.5t At 'rO-,,  2t crro? and 0.7t cao (AI,B{DAKIS
f98f; 207). tto appreciable"Mro? i5 r-eported. llolrever' l4rO was
found in the analysis of the Peares s1a9. Thus, i t  is possible
that other ores l ike l imonites and hematites in which MnO2is
corunonly found were mixed with iron lateriEes.

Srelting &Eerinents

The dist inct ly l imited evidence at Petres for nickel in
iron, both in netal l ic pri l ls in lhe slag and iron objects,
caLled for a series of smelting e)perimerts to establish' among
other questions, the distr ibution of nickeL in iron within a
Utoom and its associated s1ag. These were carrid out in a shaft
furnace (I.05m height '  25cm inner diam.) using iron lateri tes
from the modern mine at Larynna in Boeotia. The average
composit ion of these ores consists of 1-2t NiOr 2.5t Cr203, 65-
70t Fer0e, 0.5-3t  cao, 7-I4t  s io?,  1o- l4t  A1201 and 1.5-2.5t  Mgo
(ALEADAXIS L974, 27). the micro3tructure of- tTre slags produced
in our experimental sneltings reveald chromiun'-rich phases in
addition to hrustite and a silicate matriL these chromiuntrich
phases are crystallire (55t Cr203, 20t- FeO a1d.20t A1203 + Si02)
anci  are present in the s lags produced from later i t ic  i ron ores
alone or mixed with henati tes. As was shown in Table 1, these
phases are absent fron Petres slags which c|cntalred only wustite
and the silicate natrir This observation leds us to postulate
that the Petres slags were most probably smithing unless' of
course, the LocaL smiths has access to chromiurpoor laterltic
iron ores. Hohrever, the first hypothesis nay be the most likely.

That nickel, Lnlike chromir:rn, will rDt partition in the slag
is due to the posit ion of the Nio in the free energy diagram
(ROSENQVIST 482). This implies that chromium is the least
reducibl.e at 1250 C and thus wi]1 end rp in the slag rather than
the metal.  Hence the inherent dif f iculty in locating evidence
for tlre smeltinq of lateritic iron ores. Unfess nickel-rich iron

iablr  2

fo Cu

98.4t  0.34

a^mJ'16 Typoloqy

?atro.  i  handl .c

Fecro.  2 hcok

1 .r7td1l

Nt M6taI Ioqraphy

O. OO Two 
"atu",  

in.  Ls most ly ferr l t  ic

but wLth cement lLc f l In3 al  the

graIn boundar les.  The ocher ls

medlum c s leeL The lwo areas are

aorge eelded. s lag s l r lnqers

are evldent at  the lnt€rface.

nd cor loded

0.00 Structure of  l !on wl th lee3

than ,051 c.  IL Ls ccoled sIowIY.

Large ferr l te gralng. BIack 3Poca

are ProbabIY carbonl l r ldes,  Lhe

re!ul , t  of  fasc cooLl 'ng and

then anneal ing beEwe€n 200 and r-0CC

O,OO Iron with about .15lc.  Fl te ferrr te

gralns wl th PocKets of  Penr L t tP a

the graln boundarLes. cooLed

moderatelY fasr.  HV(200) - i96.

O.Oo FerrLLe gralns wl th Lhln cementr le

f l lns at  the graln boundarLes ano

as str lngers.  l lv{200)-182.

2.25 Forr l te Ln f ,aLrLx of  pe.r I I te

l { ldmanstat ten 9cr lcture '

HV(200)-492'  348,110

O.OO iron with about l5tC. Pear l l te at

Lhe graln boundar l 'es.  HV(200) ' lB5

Pelro,  4 handle 98.2? 0.00

nd nd

9A.26 0.  15

38. ' ,4 ! , i4

c5.,r4 0.00

98. l6 0.00

PcLro.5 n. l l !

Pc!ro.  6 Lron Iu6o

PFtrc.  ? c lamp



pr i l ls  are found in the s lag, there is no direc!  way of
establishing whether l-ateritic deposits have been exploited. Ni-
rich iron prills are themselves quite elusirle. From the thirty
prij.ls anaj-ysed with the EplfA in ore experirnental slag sanple,
only two contained nicl{el.  In addit ioni the nickel in-the iron
prj. I ls can vary immensely, as the conposit ion of a priJ_l in
sample Petr*Acr discussed above has shown. The presence of
nickel in Petro 6, i ts di.str ibution being very uniform ranging
fron 2.11 t,o 2.31 Ni, suggests t l fat i t .  was a section from a
bloonu The distribution of nickel in the experimenlal bloon is
similarly uniform ranging fron 32t to 3.7t Nj- Smithing of the
experimental blmm proved difficult since when hammered hot on
the anvi l  i t  became very bri t t le. Thus i t  is possibte that the
Petres smith had little experience in forging such a material as
Petro 6 and so pub i t  aside.

Conclusi.ons

The evidence for Ni-rich meta11j.c prills in a gnall nunber
of iron sLags fron Petres and a shapeless mass of iron, probably
a section of a bloon, suggest that nickel-r ich lateri t ic iron
ores nry have been exploited at petres in the HelLenistic period.
Petres is part icularly interesting since i t  provides t,he
inv€stigator with suff icient, archaeological material to apply
this unif ied approach tovrards ore, sl lg and artefact. t i , i i
approach is essential when dealing with nickel-r ich lateri t ic
rron ores given the elusive nature of nickel in slag.

ft  is dif f icult  to establ ish whether these part icular ore
deposi ts were intent ional ly '  sought af ter  at  petres,  but
prel iminary evidence suggests otherwise. The rnajori ty of the
iron objects contained no nickel and the slags are probably of
the smithing type. Preliminary smelting experiments shcrwea Lhat
nickel in snal l  i ron pri1ls can vary substantial ly and is not
always present, confirming our observatj ,on of the scarcity of
nickel--rich iron prills in the archaeological petres slags. The
brit t leness of the experimentaL bloom cont,aining 3t Ni and
similar in composition to Petro 6 suggests that the loca] srniths
vrere not experienced in the forging of nickel-r ich iron with
about 0.2* C.

rconorE

I .  Early nickel-r ich iron has been tradit ional ly ascribed a
meteoritic origin G Varoufakis shovred that some Mycenean
iron r ings cont,ained up to lot Ni, but he did not conclude
that their origin was necessari ly meteorit i .c (see: The
origin of the Mycenean and Geometric iron on the creek
mainland and the Aegean rslands; in lgJ.ly_Uelell-UCgyj!
Cyp!-US_4000=5q0_B.c.  J.D. Muhty.  R. Maddin and V.
Karageorghis, eds, Nicosia, 1982, 315-24). petres iron can
hardly be considered as such, given the relativelv late date
of the sit ,e and the presence of lateri t ic deposits in the
vicinity.
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