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Isotope Studics of Ancient Lead

ROBERT}LBMLLML)LWAMPU’J L.

Mo-t mkmb;im are familiar with d:nem
losswpe [rom their knowledpe of ndoasbon dat
lag. Iwtopes are simply sioms of the rame chemi-
al dement which have sliglaly duferent masies.
Lead, for axample, has four sable isotopen, darige
gated by the symbols TH™, Pb™, Pb™, and o™,
which repeevens sioms weighing, rapectively, 204,
304, 207 and 208 a:omic mam unas

For the great majority of chemical elements, the
relative propiortons of ther 1sowpes Are the same
repardions of where the ciements are found ia the
aanh’s crust. For ianance, opper in natur: min-
erals alwayy coata’ng the same provwcuoas of Cu™
and Cu®; and wiver always motuas U same
propoctons of Ap*™ and AP, Lead, bowever, is
wusaay i that the retne proportans of 18 isoe
opes vary roacwhat acwong oces occurnag ia df-
fereon grographcal srear Thawe vanatons sedect
&.Mmdx‘qudnmdthm&mu
o seem froe e fact that 9™, TO™ and L™
miumfdumd—vmuwma-aiw&ny
series of waniem A thorum,

mmm,wm'das,mmdw
an be dnercuied wia 3 gas govaaad, by
techaurs whach (Brswme ahip very nubwe ame
poct. Over the past thaty yean masy husdieds of
nxh devermesiuons have been made for leads
Lhea from parwslly cccwnag gruna ores (kad
wifide). Thew sre very waaful foe inwerpeeuag the
growgcal hvors of vt depoants sad the rxks
wieh whah ey we descisted. A survey of nh
dats i the peochemucal Sterature & fow yean ago
sogsesed 10 ooe of Ut sutiswy (8103) that the i
ferercer betwena \he sotont teenyontons of lead
0 gauns orts shoudd e sul<nnt 0 2low e o
dstaguad briween leads mumd in Greee, Enge
haad, aad $;ma. Thet ia twrn pugginted that mas-

Dy imtrgw em e tent BE 0D PG PONEAIPE Ire Jumes
0n of b ol emse @ Wethe o e leews prasgen Sy 29
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PR D Pl twd A M Prigrros [40d tasepsr 18 Cund.
oY (Mo® T ud, lnwrwonwe 1pin) Son nym ool pp Mo, M

S Tha pojerwmenil port M Mo BrW, pommteered by e
Wengins, e jorismsd onie Bs pompom o 4 Uannt
Srvive Amens Bowr gt (mttommnn

A priioniery sopnrt 00 thee st W paseinl o e
Sty moch Ounernt Mording o e Andormingou |asenme

wrements of the i compositions of archico-
bopaal objeas made of lesd would be of Melp ia
taaog polibie locations of e mines from which
the kads couid have been taken. Therclove, we
h.ve coliected a zroup of 3 samples, consuing of
2 apecianens of ores (rom ancient mining areas and
o ssmpies of lead from archacobogual objeas.
Measurements of the iscopic composinoas of 6o of
thae amples were made duniag the paiod 198y
:e/qachccsmnqbc;nnmmd&wkhm

The measucements made on these umples are
oaly the fun sage of thu mudy. The Andags are
boag reported now becagee ityis Ligly 10 be 2 few
years belove the remaining work cx8 be complaad,
Mnlwc&uhpbmm;hdu&t
cotiecton of addiiona) amplen

Thanandlhcmimwbmeb
jecuves. The Arvt was 1o tmake & survey of socient
Meacs from s delberaiely broad sampieg of placrs,
penode and moserialy, in order to e what nage
of scsopnt compowtinns cumts and whae sont of
Frovpa gy meghs s ge. The scoad obrecuve wis
0 coafume apenmentally that the icropic om-
poutions of wchacological cracts knowa © have
been made [rom lead muaed ia speafic sreas coutd
be matched 10 those of ores [rom 1hese saave meas,

Ia bodd, the results of there arly apaimme
bave been wiry encounging. They have shows
that 1he isotome compontions of the dechacoiogxcal
obiects o vary over 8 conndersble nage, but tat
many of them {15 into one of three definire grocoa
Thive sama groups aho inchude gairna cees
Mdth“\mmwmm;n
Lawrwon, Sewhera 3%9@ Roman Britaat

o Aneeg o Sewme 30 Dosemdyr s3de 414 o [1rbr) 26y
(22]
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RODERT I LRILL AND J. M. WAMPLER =

Moreover, the isotopec compositions of several ob-
jects made of kead known 1o have conc from spes
afic muning arcas were found to match those of
ores from the .ame aress. As was anticipated, 8
aumber of samples fell betwken the groups or ncar
the boedeshines, which are not 33 yet well defined.
Becawse the esperiments were dasigned 1o reveal
the broad picture 1ather than to define sccurately
say ong srea, definite and wnlul conclusions sbout
sl of e samples sudicd annot be expecied it
present. The Baal interpeetation of the resuks for
many of these amplos must be reserved uati] addi-
Gonal kads and ores have been sudied, asd the
groupingy and redaoaships aa be esablished
swre femly.

1a order o caplain the Andings in as clear s way
34 posmdle, the daza are peesented ia 8 serics of four
gnpts. Bdore dixuning the rauhs, however, it
il be hedpdul w oline bow the graphs were coa-
sructed and bow they are to be read.

The man srecrooutnic measuremenis provide

* there eaperumentaly indepenest ratos which repe
tesert the isctoped abundances relative 1o coe an-
okt The dasa see pltied ia iDn 14 2 the ratios

R/ v ™1™ and Pu™/1™ w
PV™ /1™, To srve space two separate graphs are
plotted in each illvuraion. 1n exch cane the upper
sy it the PO™/1>™ data sad the lower is the
P/ dins. The poan on the uper series
sre plooed azaant the wales 10 the keft of the
grophs and tow 0o the kower series sgaant the
scales t0 e nghe. The bovironts] scale st the bote
wen, showing L™,/ PV™ 1atxom, is common o
boah phocs. The poasts are nusnbered sccording 1o
the eaxalrpue of wmples st the end of the arxle,
When tenjunag two kady, the dats must be i
spreemant 0o bueh of these plues if the leade are
1 be conwdered isctopically mmilar!

IR 5 ey the 1aage of experimental values
Serermaned for » siccton of huitcen galens oren
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Since hater mining operations have oblitersted it
traces of many of the ancient mines it §s very dife
cuk to obtain samples which can dehaitcly be said
to be representative of ancient workings. In most
cases it {a necrusary to sudy oces from nearby
regions worked more recently and anume that
they sre representative of ores from the ancient
mises. As will be scen from the rowls presented
below, this sseumpiion seems o be grnerally valid,
The group of six ores towsrd the sight of the
graph came from Laurioa, Turkey, lran, and luly.
The diflesences between the ores from Laueion
(77) 2ad those from Tuskey and July (85, 113 snd
193) are greater than the estimated analytical error,
10 there are some ignificant variations among ores
from these regoas. However, the analytical uacer-
tainty doey not permiz us to distinguirh betworn
the Iranisa ores (111 304 113) sad that from Lau
trion, even ouzh it is ualkely that any of thee
Theee of the four preats from the central group -
are ores from Faglind, while the fourth (113) is
from sortheastern Turkey, This b anexceilent
llustration of the wiy in whah ores fion widely
scparated grographics! regions ¢aa be induatinguish-
abic a4 far 20 theur retopie compostions st cone
exriesd, and wrves 3o 3 chear warning that one mmast
wae conderable cauton 1 nterprcung thas kind of
dats. The ssme warnang u inherent in the pits of
points &) and 13 Thew are isotngically sonlar (es-
oot foe o posuble dulference ia FH™/15"°), but ore
cones froxn Spasn and U viber from Wales. A lus
ther compicrtion, the coaverse of that alove, fo
scen ia the srses 1A 130, 19 ad 173 Akbough
these Jeads ase all lrom e Eastisn Dowert s
Fpvpe (eacepe for 135 whech is from Saod Aralia),
they are of widely dverpent iotcgne compotutons
Thee kads came from ores ather emplaced ia or
derived from recks of the Precambean Ers, the
earbent of the grologral eran Precambcisn rocks
occrut on boch sedes of the Red Sea, and porudly in

et of o vtrrast st Lenie oo Pe pdroched prre;
Bt b It e b stnpe rrde e 8 peterin myie
20 tepearet w [s¥ e De o o gresst, Soalarty
wanred gty 10aseasd wn 3o sejermerey] i B wd
e beted ot e IV 1 1V s0rra 1os Bermerd @A groacet
wraswy and e IS/ I srie 22 et weerwy
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some pors of Turkey, but nowhere che In the
Mcducrrancan region.

1 laving scen the picture of the ores, the prospects
brighten considesably when the keade from archaco-
foprcal objacts 818 axamined, IIL 3, la which the
scaler have beent expanded 10 a1 10 show more clear-
by the region of most interes, containg dats for
thiriees mples of ancient Jeads. These are all am-
plo which can nlfely be ssumed o have been
made from lead which came from specific mining
sreat. The sit umpics to the right were all ae
sumed 1o have been made of bead mined st Lavrica
or ia Jus immedute nanity; the Ave ia the middle
are from kead gy which bear inxriptions giving
the aames of the mines they came from in Romas
Beaain; and wmpler g1 and 43 were eacavared &
Sauasi, in 3 dead mining region of Serdinia® Wika
these points are compared 10 the data for the cor
responding ores, rephaied here 21 shaded dots, the
sgreement o wry close. Ia fx1, witua the Engink
Jeads abone coe n abmost ancxiate the appropeuste
P with the ores found ia the ame countes.

On the bous of tha clowe agreement, upponed
by data for oeher ore Tamphes 1 the grologwcal M-

‘essiue, thece sparaie types of ikad have been st

off by the bogs deawa around the poists. Thowe
boundares are arbuirary and should be consdered
as only provinmal Jt may sppeae that these groum
have been defined on sather )arte endence, nace
10 few ores hare been wed. Therrdore, R tun be
emphasired that the reahty of these groups is con-
is:ﬂnhl’uhlhpmlnmkal kterature oa Jead
imotopae compoutons® and the kaown

hinorres of these artas. The kads whxch {all ia the
grovp 10 the Jeft, those lowest ia PH™ and '™,
sre [rom rocks formed early in the Paleozowe Era
The leads froen Eagland see from Liter Paleosone
rocka Jo the el and eastern Mediterrantan
regon, wheie the wmples in the grovp 1o the rght
ongndtrd, the prodninant rals were formed
duning ment recent grobopuol e

For the prewnt, ihew groupe have beea dreg
asserd 21 Group 1, (foe Javoon bhe), Group E (foe

¥ A6 but v lendh [mew Rardois 0% b ews 19 Mo to Dampw
ergeabonns iende b Pig bewn Snsidice Spma oo Baneel
oned Pormpetos st (mres 8 3) 110, pos

Pioe 3 Masbarl “1opd Jotge Alundioed Jralos
Mosiol Dneoriness i s Branh Moo oad Thetv Ooningadd
Bgadoonrs.’ Ihd Trecs of 4o Bopd 3w o (20doe 3y
was A {iphe) Iy rtm, @ o8 00 BemsS pad Forgubes,
Wod (mgrs & 3) rad Buny wien

0 Py tht st Bt domagrstontn R, s0d § wemn 00 oo

Ergland), and Group 8 (for Spein), » skhough

. ust slways be kept ia mind that ores from otker

grographical sress are abo Included In these
grovps. Even wich isotopic snalysls of only mod-
ersie peecislon, it 1s possble to disnguish betweea
beads from these three major groupe,

L 3 thows data for twenty-theee ocher
from archacological obyectr. Ahough m .
jexts came from hoown conteats, B was pot
nbic 10 tpeaifly just whese the lesds themacives
boa mined The provisona boundasies for the
three groups in il 3 have been redcawa on this
gr2p% 3nd it €20 be scen thae many of the pew st
of palngs faR esther within the groups or near thae
boundssice. In particular, there is one chumer of
pints [allng just to the Icft of Group L which sp-
pesr 0 diifler sgnificandy from the Liuron-ble
leads Thewe posots hive bern enclosed by dashed
Mnmwbdaulmmnbydgwd
lead, Gioup X ,

Seace each umpkumaglbmlmmr\h«pm
s 38 interesting cave conwdered eiber by sl
or wn rehation 10 orthery, U Bs diffxcult 10 dacung the
ressds wmithout the 1k of rambling. Therefore, ia
oeder 1o wmpliiy the ducunwon, only 8 few remarks
wB be made bere under group beadangs. Concise
satements regardung exch nmple are included ia
the atalogue dexctiptoos

12428 OF teOUP L

Seversl samples containing Jesd of waksown
onps were lound 10 tesembic the Anown Laurioa
leads These inchede tample 135, from s cone bkt
oanted st Antoch on the Orontes, sample 10
from Cyprus, 204 smjle 3 from the Bronze Age
shepwreck off Cape Celidonya,

Two wmples froem Sardes (63 sad 64), sepassed
by aeacly » mullennian in ime, are vistually identi-.
el mnd very prodably came from the same mine,
The dilerences betweea the FES/TH™ values for .
thew sampls and the knowpilscrimn samples
tovkd be the roouk of snalpual error, since dif-
fereot methede of analyrs were vred. On the ether
Boaunt b0 10t Wt B oy Yo Bet 0 Sbirrat mroiom Bl o ae
Sues mrenavhie g0 bevihas Foved bereane poriolls

P 5 smrid pereng iyt o b § d-tvins eieme
Cumup X sad o 9 grugn The Aip Boes gonye wog
Wrekiadad by leangive SRl Bers bamna mh 04 2 pret Db
B hete wigased s bones Paing tsoa Blle Oregp X
gl pngarn oty brun B4 edy of wmgis Iran sobisen
Banag gt
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hand, the diffcrences could be real. We might aote
here too that the kad in the Sardis samples abso
&iflers hsoropically from sample 113, #a ore from

" Balys. Balya Is coly sbowt cighty miles porth of
ke

" 12ase o0 cAOUP &

The leads ia this grovp show 3 &finite trend
away from Geoup L. Snce mont of these samples
came from obiects excavated in laly or Sidly this
could be considercd an indicatioa that there is an
"Jalisa® type of Jead which is dustinpuishuble from
the Lavron Lke Jeads. Such 3 group could prove
9 be very wncful, bust the data at peesent are too
few 10 be conclusive. The evidence for an “luaban™
type includes samples 53, 58 and 68 from Morgan-
tna, mmple g0 from the Temple of Scxni, sample
&6 lrom 38 Furusan tomd and » single ore from
Campghlhmmm(tﬂ) Since there is 8 con-

sderable spread anng the Group X amples them-
xlives, they are st accemanty ideatical in otopic
composioa. The preserke of 3 very enly sampie
fromm Nippar ((3) smong these kads pocnts ot that
Group X alw contains kads from M.die Pasern
sources and porbapw other regions as well 1o the
grolopical bterature obe kad fram July has becn
reported whach has a2 insape compontoa withia
thes range, bt sk eres 5,0was 10 be rare in otder
para of Furmge. A few have alo been
from ksl 1a Yugordans aad Noah Afrcs.

2408 OF CaoUY B
Amdwrmn;um'ﬁnms&wb

ium!umyklomunddn!mﬁx&nd

glae renoved from 3 petsherd of the fie ¢co-
tury an found st Caerleon om the Briva! Channel.
The kead lrom this samjilc was extsied <hemically
354 wed for lsorope mesnaements®® The isotoget
compontion resermbles that of 2a cet Ixixved to
bave come from Machen » few ks awsy ol
toaler it alowat certain that thes jut was glased
Jocaliy and was et an imjont.

Sompic 1o wos from 3 lrad civera of the fien
cntury an t Poespein Unlees there sre nstve
Julaa bads which sre of thas tyja’ it can be tes
woned that the bad mezhe hase deca imporied
troen England, foe the Romsn lead mines thers

0 Thia Do rrne S0t 0000 o0smedy sl agier (o0 B

d bt brivgs st
M Mnne beve deon mprord a e Bresesery

{474 11

were becoming sctive at that time. If this were 10,
the date of import would be narrowed down

between the beginning of Remaa working of the

mines i the Mendip Hills (ca. an ) and the
destruction of Pompeil in an 9.2

jart o Qaovr g

Two addtiona] leads were fouad w be of this
type. Sample 121 is [rom 8 Jead pot cover escavared
8t Ur. Since its date is 10 exrly (ca. 3000 32.) &
could hurdly be experied 1o have been made from
kad miced in 18y of the regions proviowsly in-
chkd in this group (Spain, Wafu,aad&n!mu).
ﬂusumtk&clyum&u&m lead depouits
of thus ty;% crist pomewhere in the vicaity of Us,
posbly 10 the Zugros Mounnsiag, and illussaics
the terd fee investigation of ores from that regioa.
To daie, bowerer, we have beea unshle w0 obala
sny apecumeens for mudy, Samnple 176 is 8 kad drop-
kt renoved fom 2 pacee of sg found in the old

wockungs of the Samnb slver ming ia Suud .

Anbia It i very rich in slver. The Jkad s quie
dilcrent {rom the ample o kad ore (173) foved
st the wnw e, inducating that ores from e
me:tmchw;hnwwhmh-

,m3 or cupellstion,

.
TN MLl BaifiaN Liae

Ten kol mmiis ftom wvesa) Moddie Fasera
tien were waleil The amples came froem Nip
{a3) U (rnr), ot Rimak (39)), Gurcd (167), K}
Amaraa (i63), Hauale (133), Nuneud (1ha sad
1)), Antxh (1513), aod Bah Sieanm (1)
Ty range 53 dase (1 U sbove oeder) from ca.
3P0 A W0 (A Ak ya The hotope componis
voas ieesd over 3 wade tange of values, with woee
prsnts biling within the established groups, while
orhers do not. This {s amgle prood that » namber
of tead depoests froem dilerent prolopsl environ-
toents were wocked throughout the Middle Eant
fa ancient e

Tha only ’t‘“ﬁfﬂtﬁm sise [rom wheh ot
than ere soropie by yet beenirBa is Numrud. Two
tarn ey from 1he e were fouklgo e qute dderent
frowm wra dewsdar istopeesily, Sample 115 b wend
ks 1o the Groop L beady, cacepn for o diminat €a-

$93a 150 1k baed Mowang Mgl Ly g be queadkins Jut

DD merraned Bort Baals 0 thow 4 bad of Risrmgrgy
Rot 3% phomsmety be shtsred rae lwod Ietpe Hoden
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‘sapthing che meatured, except for a most signifi-

12 cant sample of glaw aho [rom Nimrud, (Sce am-

Pl 9o below.) Only one kead, mample 20 from sl

Rimnah, falls berween the Group L lesds 30d these”

two uawual sampks from Nimrud,

The Middle Fauern umpls do show some
similasices. The amphes from El Amarns (163),
Hassal (133), 3nd Teth She'srim (191), akhough
of very diflerent daten, sll came from ores which
smun have been simular. They (all within Group B
and, ia fact, somewhat remble sample 113, the
ore from northeastera Turkey. The leads from G-
tob and Antioch (167 and 135) both 31} within or
on the borderkae of Group 1, bt seem o dffer
from onc sacther istopically as well av in date.
Sarople 43 from Nippur is a Group X kad, and
t somple from Ur (121) Ll withia Group S.

- BRAD BITIACTIR FALME AMCIINT CLANMEY
Lead b peosert a3 88 intentioaal ingredient in

" only &8 small fracion of anciest glanscy, bt those

glrues art usaally of swcial signiboance. Jead was
olien added 19 belp the peojetaton of cupron
otsde for making bright red rpuvjue ghivey, of §a
the form of lead snumonste (14,54,0,) ava yeb
fow opac:fier.™ We eatracted kead chemacally from
sevea speaenens of ancnt opagur glasses and uxed

. khWWT&mukunW

Wil ¢

Sampl 9 was from 2 eade of Irigh red opaque
gham excavared s Nimrwd, and napecicd 1o have
been made there. ht has recently been 1edated to ca.
20 2. o lwer, The isotapec composton of its
Irad mueches that of one of the preces of metali
Irad from Niemewd (113). That paece of kead and
the lead i the 1ed ghase very peotubly came from
U aieme mene. Thes can be aken a9 evidence that

© oither thry wrre imjveted from the Lame plxce, or a

move hhely praubnbiy, that the oo glies was deh-
.hd’ made 0 Nimiod, where tha hype of ead
wit svalable, The lead in thewe two samples is
" completely dhilrrent finem anpihing dhe we have yet
enconecend. '
Samples 1y ond 2y are from green and el
Opecyue Wane 124 [roen Shaved Zows, The lesdds In the

Wite sl 11 LAy 1mdages gl sloe W K & Tonw

. el M T Puddg, "A Bty o Opdacrg Ageade ta Asewnt

Chosre Thaongtost jpre Tomd " Chompubnndy frwdn 4iK,
Y {v990) vp 88, 30 P Besdddy, “A Viwe Codn lood T

1SOTOPE STUDIES OF ANCIENT LEAD
ST com of PU™, while nample 183 I different from

EETH

two teswcrae see Identical and fall betwren. Group

L and Group F. They may sepeesent an oce ¢
Mmhlmhtliuudy.udxymyhun?x:
ture of two or mare types of Jead. It Is especially
noteworthy that the lead was introduced into thess
glanes by two different chemical processes. Tt was
8dded 10 the green glass in the form of 3 yellow
pigment which was probably peepared separawcly |
beforchand, snd not struek in the gham, In the red
glans the lead must have been added as 3 weparate
ingredient cither in the form of ktharge, or pos-
sibly in combinatioa with the copper. Since the
Jeads are identical ivstopacally, the yellow pigment
and other bawc lead ingredunt were wery probably
prepared in the ame workabop,

‘There has always been some quention a3 w0 where
the well kaown red ogague glisses of the Romas

period weee aude. Eventaslly, kead isotope studes :

may peovide an antwer to this question, The twe'
areas mhich have been given moxt onuderanion dre
laly, in the eanrons of Rome or Naples, and
Alcrsadia. The laster ie sumetiones favored becnne
the glisses 10 oltra occur in obyects containing tra-
deemnsl Feypeua monfs :

The resuks we have cbtained for kad esteascied
from thire ted opaque glines are quite Bmilsr,
Samle 171 was removed from 8 ministuee mosaic
pliie of waknunn provencice, but dating from
the funt century be. o¢ the fient century an
308, 8 ted opayue tessers from Poenpesy, b y
of & Berelar dute, and samnple 1hs, which was ¢
caveied i London, i of unlnown date but bee
beved 10 be Roman. The tovuls rescmble. one an-
other clowely emough to segpent 8 comemon sourte
of manufxivee, whah ks not ot all wabkely. AR
theee are wnchoded in Group F, bt sample 185 in
perticulsr scems to be somewhat Efferent from the
Frghih beads we have analpsed™ Akhough it hae
slirady been posnted out that the peesesne of 8 Yead
i Group F decr not mean that the kead ame from
Faglnd (coly 131 was escavared 1hTe) sich a
Uorny wouk) et be uniononsble 1a ths losance
b canse of thy known Roman kead maning throughs
ot Faglond 1 thus thould be sbtantisted by b
ar dara g hakrd 10 inddependent information, it
wouk be & vahaahig finding, since W would essb

Ovils O fut I Assont Choam,” Fhpass 00d Choniry of
Cosre, p sm § {Fob 2pds) 200y

H Moot ip o2 {myen A 3], powwd fagioh ok
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“n ROBEKT I. BRILL AND J. AL WAMPLER T A
“hsh 8 terminus post guer, ca. an g, for ted ghidies

containing that type of kead and lor the objecs in
which they were incorporated. :
A fourth picce o red opanque gl (174) from

. Tara Hill i Ircland is of unknown date and place

of manulacture. The Jead in this glass scems 1o be

o the "Julian” type, and docs nat 8t all resemble

any of the English or Welsh Ieads that have been
rudicd 10 [ar. Akhough there are 3 number of
sources of kad in Jreland, it is uncerisin il they
were worked in ancient Uma'' and unless there
is some source of Jead in Ireland s has this same
bsotopic composition, & is doubxful that the glaw
could be of bocal manufaciure. No such eads wese
observed by Moochash,® who reported data for thin
teea lrish beads. Among bis mmples the highen
PL™/Tb™ rato found was 3378, which lnh
withia our Grovp B

MICLLIANIOUS LEAIS

Sample 138 was 3 snull quaatity of kead recow
ered electrolyucally from 8 wet chemical analynis of
8 Chinexe bronze cerermonial wesaed of the e
cleventh 10 early tenah century 1o The notopic
mposition of this kead is 10 & ferent from the 1ent
of the obyects wudied that it £21s beyond the xale
of the graphs in il ) 4 The pant is plotied 1a the
Jower keft coenes of ML 8.

Sample 3 is from the wwder boiding an Anti¢ eob
uma to in pedoal The columa daves from about
$13575 82 and i now in the Marmohtsn Mo

seum of Art. The Jead s dehnacly not bhe te Law

r100 beady, which is quite s jeinag conudeniag the
dite and peovensence of the columa. The bead may
repeesent 5o ancient tepait {8 doey sot ook mod-
¢rn) and maght have been made wath aa "laban®
lead, or with & mustvee of keads of two or move
types.

Four cther sampics (1, 4. 12 3ad 17) were mudied
before the main copenments wire woder way.*®
Since these were only preliminary experiments of
oncestain ewrxcy, the dats bave not been plotied
on the graho Is war pygnrent, erwever, that sam-

Yo 8 (8 berd pesiery camp frean Kes, uoeenth o
filiceh century 2.) andd wmple ¢ (o bend sokler
from an Aric grave wele, (2 4413 8C) were
Laurion Lke Wade Sanple 13 (2 Roman wed hgw
fine [rom Chanerluncne) and sampe 1) (» Roman

H Prreose tammmemnstome W | 713y, Vcorrntr Caliupe,

Cord, o € M L. Powts, ATL Susenn, tod, Dobia
M et misssmesn woip ueie My v joom Codd of

lead slag from nearby Green Ore) both seem 1o be
of Group F, but 1end toward the direction of Grou

8. All of these laotope findings are consistent wng
daemhaco!opahu:ibums.

AVALUAVION OF THE TROINIQUE

The mont restrictive imitation of the technique
Is of a logical nature. While it would be very con-
venient if each lead mine had its own uaique ixo-
topsc componition, this is far from being true. Iso-
topic compostioas of leads from widely scparated
sources smay be indutinguishable i the deponits
are geologically similar. Therefore, one cannat bope
1o use isotope cvidence slone 1o prove canclusively
that the kead from some given object was tken
from wme given mining sres. In making anriby-
tons one can only tay that the kead from 3 partico-
L object came from ather ane pantscular mining
ares o from sume cber regions (poudly uo-
known) which are geochemicaily umilas. For peac-
wﬂwmbowm epecially where independ-
et evidence iv avamhible, nxh rouls can wll be

weful Forens e, ;ldvou;h thedead o the ‘hxe )

oo the poctery therd from Caerleon Y could
theoertically bave come [rom say of xraad df-
krmplmo.upebﬂyrnﬂ,&dmfm
searby and the sheid probubly ruuy s of Jocal
manulactuce,

On the other hand, isctope messurernents do
permat one to make conchsive nepative judgments,
The beads {roem F1 Amarna, Ur, 3nd Haunlu defy-
nucly dd ot come from Laveoa or any other
Group L mine and the keads [rom Morgantina could
0ot have come from Southern Spuin of Sardinia ™
Suxh nepative evidence was aho weful for showing
that the red glam froem Tars 103 is probably sot of
Jocal manulxture. $a {acs, rrsuks need pot always
iavolve pastvlar mines to be of sgnificance. It
may be helplul for the sechacologin 0 know sim-

iy whether two of mevt Jeads could have come
1om 8 common sowce of muit hare come from
duflerent sources.

Ancthes bmetation of the method s that in an.
€t Lmes, Just 34 3t present, b often have
been salvaged and reuned time time agin,
Thera is always 3 porubeliy that leads from df.
ferent wurces might have buen renchied wogriher,
Tn sch insancen, (e 1miing ineops tates would
Beblisa Mutomas! §atrsrtory

M Thes 2 b padds; Buf Ooup § Sl tondd bv porent
# aed wab ¢ meed et geicery of Coug L Bed
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. bere are ruch mixtwres; for example, §
* ple % sample 34, or samples 304 30d 305,

be intermediate beiween those of the individus!
Jeads. It is prolable that some of the deads rejorted

e *

: 1
‘o smeking, meking, forning, snd subsequent cor-

“rosion, can sher jta chemical composition, The -

ibly wam-

1a order to gaia full beneft of the isotope dats
on ancient Jeady, mas spectsonatry of the highest
peecision Is required becsuse we know now that
seall diferences in iotopic composition can be
significant. This docs ot contitute & read draw.
buck because the cusrent 1rends in instromentation
sr¢ pow muling & more cooveniet Lo get wery
precise data oa thermal emission instruments. More-
over, by using duplaate or uiplicate analyses &
should be poruble o distinguish betwren amples
whach difier by no toee than & few wembs of 8
per cent in thar hotope raon™ 1t is importan, Wl
- samples are 0 be compared 1o one another, that
they be peepared simulacly beforchand and run on
the ume iarrummt. Mam sprurometrc dats
present are potdnowly seautive 10 the chasacenstis
ol individual inmtrumenty, 3ad to different methods
of introducing the lamples into Ui iastsuncne.
There are several vy advantageoun featueer to
this bsotope technaque, the few beang tut only very
sl samples are tequired. Laerally only 3 fow
macrograms of Mmple e comumed in the sasly-
n, bt for practical handhng puiposes one meeds
8 few anullgrama st keast. In addeton, the kead aced
a0t be & pure metsl Corrosson products, pegments,
of Jead catracied from mascriale uxh as alloy,
glszes, or glasses, Rave ol been studeerd sxenndwlly.
The uchaique bas one impurtant advantage
which is mining la chemual snatyes. The most
frustrating pant of tying w0 charxterize metah by
their chemicsl componncns (for inuance, by o
pering their trxe ehment contenn) v tha erery
peocess 80 whach » tnetal i nhrcred, from memng
WAt provest st totemannd poirovsd pesaes, pieresd e o
P drtormastima. o o bimee IV I R 04, VTS
P2 0% P /DT 25,% The wre eles i the

Sewrmy oyt S magrene S\et B Dg rempr wm of Do
permeatd vt b 1M Tyee® tthwn Pre B mmplve

* letrntesd it bova ke he praene o gar determvmonene,

00 Wy popeabuw Mnlsy od e mepmremonm, e tremcle:ihiy
Yoy Arvasly, bt 1\ pomipe ra of oky foosy S8 o0nt som
Pita rea Barder 3 §ootn 8 S imais et 8 g lore s, Bogh
Poirse B Bast opetent Bes b poermy P ponpe ~g
vt betomee AAirens Wit umeon Mwysse, byd rorny
Pevamss st 08 Vagevrsat (Nt migrnstal Mowrwr ot prs Dpnied
" trpesivew o8 wmpiss pea by Mot B¢ lond mide pard
Vot waols Wy Diapess sk wyot Wosrdd 2redpws of ad tgpn
pebovecns spmples (MRS joe pasd US §) whed bats Yoen pup
Yied by ooy wiet Mebowitvwe

B Anbeangh 3 syt g bntonses B Ml b wvw

hotople compositions of lead samplas remain e
scatially constant, however, o matier what one
docs, short of mixing togaher lesds from diflerent
sources. An ore can be mised with other mincraly,
cruhed, smehed, 55d the axusl mehed, remebied,

oxidircd, reduced, formed, corroded, or rescted to -

i:nmd;mhlmm;wud\»ddnmhingbd
dl will setain s original ixtopic componition
withia the mesweable bamits of interew here.™ The
reason for this is that the lsotopes of 8 given clement
difles oaly in man, snd theie chemical propertics
are virtwally identical. It is only through painsuak-
ing chemical or phywcal procedures that

scperstions €an be cffecied. The fact is that if iso-
topes could be separated by Bmple chemical opera-
boay, the whole hustory of cheminry would proba.
by huve been vy diflerent, -~ Y .

- r

CRIMKAL ANALYINS ~

A1) supporting caperiment, Quatitative spectro-
grophec chemica! analyier have been made of 28
the umides subed, and of some hundied oduse
in sdhuon. Particulsr eflorts were made to obena
scrueste miver values 1n this way it hat teen pos-
shle fusther 10 characterize the leads 2 bring made
(rom oees snsched for Yol of ksds that were de-
sheted Jt b well Anows that in andient times
kad was often jint 8 uneful by product, and tha
snxicmt minery wete 1eally more Interened in the
sher dut could be erracied {rom the bad The
rewds of the mbver anslpes are inchoded 11 the
atslogue of sample dexcriptions.™ There are some
Indstucns that other chemical tlements present
8 kevpranitien, sometimes only a8 traes, o) wrve
0 it Iogrther some of the 1aenples snd ores studied.

Swing B4 segroran of hol, B b $favh W puters § s
ol wromes Wleor seh o Jeavne Byt shelf Be brage -
Sem by ;s d e e N od pod ook -

P Y wrce pudem hety Smrnand (e vieal b 2l puwel
Pt gty Wt topele od preming wiess fen lesd We
Boge thot Forrmasdy s thumasl povirse 8 peeesiy e
thtrend seol A plompon so the it For he Pusmest,
Bowsess. By Aol paly teakomm B Do Bamons, doed podoldy
v IbTesmes Matehejats. wery bepeils ol derptag
$lest fowms el Sewe 2 g Mot of uast 021 pis 1o3d8 Ivieed
Wort Oms dare o et 1 e 3o So plad § sender ool
bt b0 ter Bos s garn Wi womid W04 0 sopast bons, v ol
Phosn, it Mert Bws Jolias dograte Saobad i Miv osd e,
Pod 0 mone o Fogiond wiah bud Setessl riow tmmivans of
b hee 55 por et Miasstws, B 5 ant 1ot B sraa et
o8 brihamingpel Wols tumtsacag lisly sdow (of e sniw of
000t pm em) Bt Beverserdy hiet bere dnndrered
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M k * ROBERT H. BRILL AND J. M. WAMPLER

‘PROAPECTS POR FUATIEIR WORK
1n coaclusion, these experiments provide en-
couragement that the measurement of iolope ra-

Bos in archacnlogical objects made of lead can pro-
vide useful information to archacologists concern.

* ing posdde sources of the Jead used for making the

obycets. ht is alwo clear, however, that considerably
more eaperimental data are required bofore the
schaique €an be applied generally. Funber audics

oy nblsh scw intope group in addaion w the:

four provisonal proups owtlined here, but it is eho
Llely that the group 2y set omt pow will huave to by
geroguphcally 1o inchude other mining
aress which are geubopically smilar. Funtlier work
Is saticipuicd 00 ores [rom other areay, particulasly
from the M.ddie East in suxch places as the Zagzros
Mouvnraiag, whah nu;hi bave sppbad kead w0 de
ely Moogotamain avilizancns, The lalaa oers
require mose study Lo see if 8 dwcrere lulon group
e3n be defined, and wied is antiapated with Mace-
donua orer whow lad might be dulcrent from
Launca kad bt will aleo be resevary 1o mabe 8
mare cunuchenvse congunwa with swatope data
bn the Lmuuc soneenang keods froen Conteal Fue
rope 3ud the Dulans Thane have been wudeed by
8 pumbcr of other iavestigstons for geobpual pate
pooes, dnd i3 evalent lLu thete 1 overlippang in
brotoput (any;outen smong e kad orer and the
M i,y oiuncd oty kudy, Laads from tle
Far East bave boen neglected bere because the ini-
tal projees bhal 1o b amfied 10 3 manapeable
sale, but werk 10 planned on orev fromn Inda,
Alphaniuan, srd Jrnan Pecaine of tle wrdospresd
ecturence of Pircandeion raks in the Far Fax,
tht range of iwnoge variation wiil peedubly be es-
ponded by hawre wuden
It sho remans 1o be establinhed juit how much
varabalty eaits withen ores from certain mining
sreas. We have sviunes] (bt st wniheast teawn)
that thes vasalaley i ki an geneal than the vane
Lon berween diflerent segwas The mines of Sare
Giosa tnay feove 10 bu an anmeening o wwly in
thit tbnsqisn
Ont ol t)e most promuing applxatens 1o
errerpe froan tha wudy s the cnmparian o the
bt compesr.um ol kb in kadcntuning
ancmnt glawser As pranted out rarler, theie glivees
strount 10 ooy 3 Bl fecenteds ol aimornt
Blassey, baa they are found in wildy wperaed

{424 1

places and span a period of severs] centuries. We
Plan 10 puke 8 thorough lavestization of nxh
glasser s our work continuen

It does not seem Lkely that frotope snalysis will
prove helplul in the same way for the study of
other metallic elements, but isotope udies of some
ot the non-metallic elemcnts are potentislly useful.
Wuth the continuing sceumulation of gechemial
data and npid refinements in instrumentativa the
possilabitcs should be reviewed from Ume o dme.

We sboswladze most gratcfully the mdisance
of numcrous individuals and initutions ia supply-
ing infocmation and samples for wudy. This in-
cludes pot waly thore named in the Gulogue which
{ollows, but alo thowe who fax cae reasos of an-
oler remain anonymown; and equally the more
than & busdied ocher persons who have written

boog, patcnt leticrs o provided w r.&kuwplu
whach have not yet boea suded. -

., \ : N
THE CoRVIE MU OF A .
MACOR HAVEY NATIONAL LAMAATORY™Y

CATALOGUE. OF SAMPLES

Cdeos Ornn
Poad Redurt

1% Alwon Mae, Cumtarland Co, Fag'
gz, Mustrrn smd Ant Galery, Corlonie. (001%,
Ag) (-O\U’I | A

W Cra k. n~f Covern (Rovman S o), Mastaly
Pxibysose, Fagland word by R RaR
sad Arha S;einehall, Muack, {(ase:d Ag)
(’.rm;. F.

3 Dyiie (mom wetmm), Mons punerydiee, Wairs

Crdeawd by K 13 Rl wod Weiism Kudonds,

Cexd Vaugha Owen sad W. G Puaaes,

(2092, Ag) Ceonp 8.

Kamacrta (ae2e Lavrecm), Cm Constratin

e amad Mudat Frun, Atbena (o3%,

A) Geowp L

fa C«moo. Koeron lagoewy Fowew, nlv-‘
st an Pemady from leod worbaa {1
Maucten, Morrmcanh Coeg C ’tr‘,

Mavum of Wouy, Cordid (00017, Ag) (-Ow’

r. p
B Ablag Myden, Yesgot s-‘nu, Twisy R P,
Terdlerlio ol DD l =2, KT Sorvars,
Tal, lieebn (emy®) Ag) Pruboidy Cionp 1
b Koo Tincos, uom, foren N o) {onle poss R

3

wrkoage ROF lovdeslis and [ ] el
RTZ %errmry, Jud, Lonka (a0%, Af)
‘v"ll" ‘

1) NOALLY, Drea (sose Ancead, 63 1og mi we of
y.m_...) Motumond Owems, Preed (e Ciloge,
(oot Ag) Coonp Lo

"owkwu-wdmkvdwm’mmwb—mwhw
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1987)
135, Khame Suems, 1ron (nese Shabwera, ca go ml s

of Eslshan), Mehmoud Owoni, Brocklys Cel-

' :ar (‘;r/t'q“() n':x‘f i), Myles Walih,
11 ness e ), ]
> 'NcL u,:Cdy.(on'/, Ag) "rdnJ:(
18 Yukard Midea %Tw\q (ncae Artrin).
' Mytes Walsh, New York Cay. (s05% Ag)

: Group L
ik odJn Ronag, Xeype (Famern Desert, 2° 17
N—34° ¢ E). From Maddic Mooxear limestone,

poum ond evspene srrwen AL M. Abdd-
a-sﬂ, lachsn, E'Al. Anomatoss rm::':‘l
rediogenic laatopes ore was deri

from vt Precombeisa bascment roks of this

13> U Gheig, Foype (Eamern Droert, 34° 3@ N- -
* 30" F). From Muddie Mokt re Lione ome, gy
mm sad evaprave wrien A M. AN Gow

Lachom, UAR Anomalous contere of 1aduog o

fectoges pugpesy
ombrisa basrrarnt rocks of this tegna

139 Um Samcubi, Egype (Famern [xwre, 33° 16
N34 ¢’ E). From Presmdesn bowne at
rechs; galens mised wih shalersie, pyrae 3nd

we. A M Gewed, lachin,

UAR. Istopic commpous i conmsent b
Precambeisn ogy of rebe

i

b+

dd A Quina sad F. K. Knibons, Jrabsh Ine
g emgenricn I3 coemorat wah Nesmisag
age ol bewt rexhn

” Camgugla Marwrams, Jeody (Rebs 9, 3). Golwe

Ixsase, Univereey of Paa (s 03, Ag) Group
X .

Arborelogiedd Obuty

S Lead wides fromm base of webde weie of An
Gpraes, s5d 10 be from Amas, 2 §ro4m be
MMA @ !%(M 3) Mesregedcin Marewn
ol M??nr ek Cay. (023°, Ag) The samjile
Sors s Sonly rewmide sy of the ceher ety
weded Practly
o pare lesde

€ Maided beod beus wirnh freon the Temple of
Anemie Orthes, Sports, pudubly b cemt s
MMA 3y 108y (Ref ) Mevegedaen Mo
e of A, New Yuk Cap. (smi, Ag)
Coowp 1.

0 Jood wementing of beonre bwbonl yeea, frres
Crivrws (sewd m bt Coerwmn), Phikniww MM,
usug&n (CN 4¢2) (Dol 3) Rlrigednen

wwom od An, New Yok Cay (2a17, Af)
Predubiy Coomp L

88, Fomatd hav of peed wirsgmsl Tadoisze, femen
Corastnh, 19 ¢ pr. Threcbprr e ;ul».fl, e
Irives & trwioflisa pereese snd m Nt base leon
hnh-.le‘?w v 30 3 pagress (Rels 6 and 9).
Muw Fonreenh Pow Yool Cup. (Lo thea
sami®, Ag) Coeomp 1.

33 Boall bagamrmt of wurelle ood fream the Atbe-
et Apas, Medioorsl, (8030 Ag) (ermmp 1

Geonip X, ot 0 mustaet of twe

Growp la

L 1osd pg hien Ripdon, Menha |y, Swmwrs.

ISOTOPE STUDIES OF ANCIENT LEAD - ‘ 2
3¢ Soull Liagment of metallic lead from the Ache-
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