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uJuop, qpuwdwugbnbbpp Sbwpwenpncfdficl ncbfil ogumugnp-
dbyne wpr[./uu&wil q.[ruanl;umuzouuquil lf[tfngflb'[r, npnig z
lhlbzftu U[lul[llbwil 24-11 Yplnup Iiluu:llil 4ul[1[u.[1 um.lp[r wnw:
‘F—ﬁwuwzl_WJﬁlipa pinuts qapdwdncfy, ng-lnpSwinpup LEp-
wnyf, qugnipbpbine Swdwp gpudf Jp lflnnu.ulw&n.” hug-
FrnonSppl muppkp Suwdbdunnndcfdpivibpp b fbpPny, puwpup
wuwppkp fufngflb[r!; umwgnl_w& mnénqu[ﬁ.: F[u_b[ta ul[un[l wp—
wmokl Jhgp liuull.”ilnl_ 4l.utfu.l[1 4WJ/lmllwf1 rl.puufflbpnl_ SEungu—
&nJl[ril Byappfrin wunnlbpp Uﬂznt_zm, prrclpniing usfy §Emumgo—
ll"lléu.lil b[ruul.[;p ul["l.[;‘il me4w5nuu6' £ rl.[uul.ﬁ.lb[lnl. u[uunéb[uu—
tnfryfrls e wpciwfumurnc.ﬁlﬂufl 5nl.gu14uut_[nu_ﬂluuflg Surdfuapr: FLUJg
wyrnend wpuitifs Jp mlzumil/ﬂ‘u_i'tfl, [hpkiu [1[1[;7:5 qinedp fuwpn-
qrefofebt L wrwinuljupg wpwppp ke gupn spunfumpnewdlh
wikyfp bncwg Sbwpp ne 2wfl,g Yfpwplhniws £ npnybyne qpoadu—-
zpfmfuun.n:.ﬂlimir f:zwfuullnl_ﬁ[njlaz ')‘puuﬁ:lr[nn_ Lhppht wpdbpp
Iuriou ﬁzq.[unop"fl Jl.uluu[zl?[nu_ﬂluj.l Zru_flbfuu[ [r[tbflg ul[unl.u,g[iil
wpdbph Sk, puyg wyg fupgf wbyblncfFhcip dkhp ybop $§
quilig wnbbip: uu[wq.wJ[r 4wpgw@7ﬁnu.ﬁbmb Qudwp nephy wh-
Ubpbe nynpin fph b wyl Phebpp npnligdnd qupbnowd bh Qury—
il qpudibpp, pwbf np wupl dhah ququipep dp ofap
urury bqulrlﬁl &%. £ &P rl.wlrlrlnn. rl.[ulufullluﬁl 4lu[1umnl_ﬁbul7.l
fwrufils: ll[,&mp leuuf[rfJ zl_n[r&w&nl_p[njla fpuwp wekyfr ublunolrtil
Eilqbllulqgllla’ Ll g b nlmﬁwumliwilnl_ﬂliwil, ewl [k
4luﬁnullulir 4"’11."11.!1[16‘1”4!”71 mfunliunl.ﬁbmil ko 4ul[14b[1nl. gurl—
Jnl.lf[r Quidwmlpupgfiie Sk, be Swvwbnupup rl.[rwfulz[igwfuun.nl_—
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Plebp npny wunp8wing hbgpnbwgwd bp fwbuwnuljwlh puow-
huwpgpt dbnpp: Iluniq_; bnuwgugngl bpofflpl By gpudogfuns-
fust ffhuynefFlbwhy ninnbuwlwl FEhwpuwin bl npnbp mw-
qescpls neywppnfdped hp wwdwh bl

Lbent ll.[, 83 ppwdbbpnch, sznuf Il.[, T2 qpudibpnch be
fbpfs Fugumenpbbpne 100¢ webyp gpudisbpnct quncflbwl Suy-
neplnedp Spunnwpulnimd § ')‘n/lm- 2m[1[-‘4 wanQGWE[I hnodk,
np fpp wpppllpp wmmgue nbuwlmpup Swhpncffhbbbpp fulnud-
newd hbpuyni gupbynd's Pugybu np flip wnwllip wpop ppog
plngnibng, wyn Shfmnp y bplhne gfumenp wunn8uwnbbpne Sudup
[nbuy ShPng dp sk npnybyne wpdwff-rynpid Lfbuuurlménﬂkpct
lbuug[:i:, wpSwidh b ullllﬁl&[l wbuwlpwpup Swhpnefhdihibpp
(10.50 & 8.94) whywpfuwpopbtl fpuwpne yunn doun Eu, bpp uhuf
dfYubhbuy wpdbpibpne swipwnncdp ke Suynuwplnedp: b[r-
hpnpg, ke uu_lil[xw fupkenp, mp&mp-u”[m.i lfbuuurlulanubpa,
dwobminpupup bpp wpdbpwgplnind b, Ebffuluy b by fuadf
boft qupbpne phjdwgpht Snnf SEY Pungdwh dwbgninncdf, pig-
Jugbncdpy wpnwpnddul, b W’Jl shrspnfunc i bbbpne, npnlp
quuygfopkl Lpinud Jbpunpnfuly gpudfl nbuwlupoup Swhpme-
Ppeip, be vunnp CL‘mln_ulfl@nLl\ qpuwdf wpdwhl wwpnbwlne-
[hwl Quiyfrelibpp [um[uu_u[lq q’ailbilzz ,'F[iln. wppfibp wgu P—hf—
ﬁ[lf [pnsplngnnbbpnch, fepwpwliship inbuwlyfs Swdwp mnwgnimd
wpnpihpp hp grneghl wrnbypuigngb 10 Lud? 15% dprspnfuncfdbis
vwbdfwly np hpiuny whiwplhby npmy wunflwbp whdbnblwune-
Y/ qpuwdwunwpuih Alnltb‘uu_npfllilnu.il Swifwp, np EFE Jh-
Quigrusyfrs Jubwnmlwl quuwlupghb fngdl plugnelp, fpiup
wunnBunky Qury eyt gpuwdpb fpuy hquyuwguwd fJunwnefdhub
gnpncump: Uw&w‘lfl bhunnond wpdbpbbpne uwlduwhp wpnfrebp
b whygpfin Suynewplnoffbuh Jhfninibpnci: 2nu piduynemdp
bydwp Jph £, lfmunl.[muu&‘ huwifubyne nlpbn_t Pheppfwgnifhet
wyng hbumf fpuy: ,'[uullwfuu.pbwil SEY s mnbumlpupup Swhpncfflwb
wpahhpbbpp wybybe wq[u.uulllunﬂn. npuuwenpnund by np whe
l.ll[lfl.ul[lnLF[lLil pL27 gnogupkpbp by 8yl Swlinpbuy: bﬂt
whd fp whgfunubug bquwpg fp [prnnpbuy @febpp, wurydfwbuenp
(modal) unu[uupmz[um.zfﬂ‘ prynpndpy uhgdnomd E: upq.ﬁLﬁ@-

1. ASNhubLY QUPBE, Yhghhbwl dwjwunubh ppudGbpp, LpbLLw, 1963, £
119-124, ‘l'l"”'?’ ke innchwghbp gppft SE9h:

9. CONDAMIN J. and PICON M., ““Changes Suffered by Coins in the Course of
Time and the Influence of These on the Results of Different Methods of
Analysis*, Methods of Chemical and Metallurgical Investigation of Ancient
Coinage, [mfl:mq.[r[rflllp‘ E. T. Hall 4. D. M. Metcalf, lnfnl.nfl, 1972, &9 49-66:
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ilpr\ e wpSwfdh Swdlup yunn gwd Swlhned q’nl.flbfuufn b[l[z
Swulifilip &%. b &P npupbpne wpdbpugplniwd gpudibpne
wpumtnnnndffhwly whbuwlwpup Swhpnoftbwl SEf@nnp [Fhpkeu
wekyf fpwpniaply k- ?‘[uulﬁlli[lnl. bwfulinlywls ff plwlfils Fhinvigu—
bbpne fbpnedncdp ypinp yulwbnch Swununnkyne Swdwp bugu-
mwlppgpnomd wpdwfdh yupniiwlndfdhoip:
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Vhwp 1. UnpGyniphil LbinG P.h wpéwp gpudGbpnt Yohnlb-
poil bu qunipbwl thebu: Ukwbpp Yp GbplwyuglbG
Gnp ppunfGbpp (b Yhuwypud@bpp, Yohnbbpp’ Yoph-
Guwwunlnimé). pwsmbhobpp Yp Gbplwjmglibl pw-
gninphG6bpp (Gbpunbwy hojowbgulumb wnwppbpul Gb-
pp): Unphip' ASNRUGUY, juwnwyng phr 1424-1539:
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’)‘n&un q'uun.&lnuil[l wfunnnmbpp nebf ginwlhwl £b& wpdbp
le‘ pygny jugbwawpnd gpoudwgfonolul phogeoenhbpndh
FEdwdfwulin by JEP: qul. bp quynbwpbpl Bt Swilwlwh
wpdwft qpuwdbbpp bguwé b quncfbudp Fu.l[nf[in[uull dfughe L&-
wl P, (1270—89), bkpp lfw:flnq_)ﬂl:pm. nbewlwh wpymenlphbpp
(pfopbl nljwpwgnegpl zw'/uluunufla be bphfipp winfpuyncbgu
duwhp Swply fSwpbine: prnuf[r gpudbbpncy Wfwbng shnpp
Fnllm[rllnuft JE bm@ (ilu.l[umoé'lfulfl Il.[mnf) 5 Lbenh bw[um&bnj:lig
qpudbbpne Sudwlwpagh Jp ﬁbpllw‘lwgnuub" fopbe bnp gpunt-
bbpy, olis Jp bniwgué bafrnnd ke 80-85% wpwfdh Fbmwpu-
Epbp=punnpnpl Swiwump tp: 3uu.blbwl Lnuuqnuf, Eflllb[uugw&
qpwdp wbuwlp shaspnfunc@bwl, pbgneg qpudpl hifnp 2.5
bpudh be Lfbmwrlun{n‘”ﬁ 50—60%[1, bisubu np $wpniwd b unbuw-
hapuwp Swhpndffbwh Jbfdnnnd: )

Lbent 9-.[, o Qe ifrls (1301-7) Prugneaphl hngncnd qpod £p
lt,ulpJ“‘[l ((iln[r eruf[r» pr,g punnpint Eum l.fb[r lyuumrlnx_pbmil,
uryu lnp qpudubpp Eo Lbin® Fo[y Jbpdpt Raquphncdibpp
Llplep pyuwy Sngs dwlupgulp fpuy, oopkdy fugncnppip
Lbent Ftllil umbndwgnpdnfdfibp lurilulJ bhunnncfy: Sbuw[iwlnu[n
Swhpncftbuwl SEFnnpl [Fupnch ufuusyobipnch vwldwhp wybybu
Ey np wnwbg npny wepbsnffbwh whd Jfp 2[1’ hpinup ol prpuy
[rlrnllnl_ﬂbwflg lfulu[vil:

Lllm[r 1 q‘pmq]E gnyy fne inuy Lbens F-[v frpmpwhishen gpu-
dhi hypnp, fllnuu&‘ bpbiy wpdwidh wupnibwlnFhwlh gbd
(mbum[lwlmlp dubpnoffbuwl lflrpnmnll)= U‘liil,g wbmp b whblju-
1Ebp, [Pt Phmwqudngp pyuy webpf 8ygpumopkl hupguinpnemd
,gulfl qz[”'j’b['ﬂs ke bpp ﬁ[tzm ﬁ[n_b‘[r[! wnpniwd Eh, (Hllul})n hpiny
gnegiky Fmgw',wlmm.m&[mf[:w:_npm.d' by Qwpfnflwl dwljup-
qulp fpuy, Fbdwdwubncfbwl wpdufh wpdbp' don 85% be
55%: Lbink F‘[r 2pQubkl whinpmy gpuwdwgfinuluwh pbghpibp by
b qpnbuy, @Gk Ile[tafl bbpluwywgnemd wpdwfEh wwpncinolne-
[Pl ffPullybuy ul[lJt'gulqquwb thneghp s pumn [;m.ﬂbw'b‘ 5%
ke 65%: Wum:_libmfl wiyn rl.ﬁlmnrlnl.ﬂlmllfp Shhywmpiinud b wupu-
5"J5E‘ g hp fuouf honfp be quncffbwl QuuinpSuimpup wh-
bnodpiey Fwufplsy dflishe np JPugninphip Kgayncfhel mnwguey:
Fulg[v inbuwlpppup &wfl[rnl.pliwil wpnpchphbpbl, plp hp o fu-
Jqulyngh gpudwhwl dofuioln @by swhbpp’ 1 poguhpp ph-
qulﬁl}bﬁ wwlyls t[’ 8 Lnp lHumf 1273/171, 9 bnp eruf 1279[171, 10 binp
ll.[muf 1284[15, ke 12 bnp rHou' 1313[77:: Umllmlil whd lfa $nu
’"‘l""'l‘ll'[' “[4‘"'@ tmw‘/, ml'll ulunnﬂwnjll:[r beu l[l.ufl uull[[t[nu.fl
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thafunckindcl, bhpuwnbuy l’.‘lhqmﬁl}hﬁ duwbipne[Fbuwl huwd Shuwgp
wpumpnchwlyne fFlul muppbpncffeubbpp, Spfiulpul shnsfnfunc-
Plvbbpp nulifif be wpdwfdh Swdbdumnncfdbwl £F), ke n’[tlut
Spuwenph fbpungiuSunndinl thnthnfuncjpebbbpp Uiud dp hp
bwfupinnpl Swiwnnwy , [FF qpuwdp bunfl gpnydfnewd wnfiedp neg-
qocfdbuwl hnfuncfyp hp bywhawlb Of dfugl FE Unewgbgned uipr—
&wﬁ[r ulm[rnl.bl.uq”l.pliuﬁl d'bmuulw&n‘”[vil SE9. pusyg ppngnofdpei-
bbpp dfyn wyngsufp ywpg $kb, nppwh np m[uulful[xwilnl_pl‘u.ila
qunlllllilul'l Sbg puuybplb; bl Ebffunpncfdbuwby Swdwp:
,Uiul.[r[ﬂ: donkinuyne neqfiy dbLh £ bnp qpudvbpne be [fugnen-
[1[17171&[1:1!. Sztl.[r[un l{bplnl_&nuf, inu[uailm[nutzmp gpudwghonbpn.
funnigniwdphli ncuncdbwupipncfdbwt Shpht L9, ke wuflm
wbp & ppyuy Sunnniguwing Spughp Sp wuypmqug e Swdwp:
fupnchh ll.[lbp‘“ uufl:nllznzl[ﬁl dhishe Lbint Fo[v qus§uljuiyne—
[FEwl wfwil[lil $Euw: u:nnit,g yp vypwuinkl Swumuinkpne "‘n[[lno
Wmnn.élnuil[r uinwgwd wpgpibpibpp snep) 1196-1270 [Fnuwlpl—
bbkpne ypQuipl Swlwp, bwhwhopkl winnbp ghkpd whkinp & py—
[l uhumhd’ml.np ufpuybbpk, npnbp hp Swahh Lkppfl dwi-
'prlnl.&nuﬁlbpg /luunw[rnl.bgmfl Shqpowhpl hngdk, grpdu—
Sbyni gué nydnd hbqpniwgng (nevwpunlbpugu (low-powered
focusing spectrometer), fngnewd’ {wduwgbiudnnpl (isoprobe),
2unplfe 0@1.1(?11[111. zuufullum[uufllr zbuuz.[Mnu.IQulfl zlunuulouuullmfl
Ee ulun_[ium[r Wllllﬂlranbulil uz[uwuuuflng[ﬁl: 3uuzpm4ml1[ilnl.
Swilwp gpudp Julhbpbufil fpuyf wipSufdf Swpumuwgnodp (011[1—
Ll fr 4uufw[l‘ dwhgminned be plmpndf wlumulnl.&nuf), gpuwdf
bq[ip@[lfl l[ln,gp lfulua l[lnl[[iil @bpﬂanﬂmL‘ :l.npb'ula‘blru[ qll'nﬁbml;
Progfd, qupgugud be anuCuunnu.ué' pum wpncbkumf {dinncjFhts
dpPnghbpne, fbpdhl mnwup inwpnonl pbfduwgplit meuulouuuq‘uf:
uz[uuunwflnglrb SEP prugdufdfie w’J[ qpudibpnch Spuwgppibpndch
Swdfp up&mﬂhalq[rfuf szmuulunfnll sznl_nl.lfﬁ Quillbfunnne~
Phibp sunpnebgue dwppnimd bgbppph ofpusy , ke purgunncbgue
wz[uuunmfl,gw.[[ﬁl qpm@x 1—"[’6"”6'[7['”{‘ bdfwl Zuu[uun.nl_pbuuf[:
bupg Ip Swhiofd ke gusnfrulifry Lrbmmlzul&n.” fuwlpppulbbpn: Sb-
muﬁlzmi:—uuulr[rlipa n[rnznl_bgwil fwbe Swdbdunncjdbuwi SEfdn~
winif pesgqunkyndg l""”‘”"[‘"‘"qb["'"z‘”‘['[' l'"”["{["'"’l"'./i' Yfwnbpp
qupduwp Juyphb fpuy "[’Z['i"{ll' F‘”l"{["”'l'”./b 44_‘”’”{’ be gupren=
[’bl’”{ (calibrate) lll['ll.[ll.il,gilb[lﬁ &uﬁloﬁ 7 zuu[nuflﬁl szmu.ulunfnll[l
lelprinlbpnxlz 9‘:1[13[1,@21[7[111 ne grp&bpwlbpup Fwbpuduiu—

digitis
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flnl.aﬁbuuf[z Yhwpuwgpnewd be phbwmplnod by “"Jl wyfuunnwl piih=
pre SEYy be wyn Fuwbipwdwniind@hebibpp Snu fplhinchne wbnp
srelifle: "7'2"14” np 4ll.ll.rlllqililul({nll[11[£ $wipwguiig Sygpfun Shong
dp sk swpbyne Shnwlywi-mwppbpp, @hywgpbyp b np bgpuwlu-
gncffhebbbpp Qunnwpnep gumoly fpSwhmgpulnl nwppbpne-
Phebbbpt winugnind qpudbbpne funcdpbpnch SESf Uilfng) bl b
Sgppen punqpunnnc@pel ghunnuply dwduinlulpy fowgwlfp-
bbkpne q_pwtﬁ:bp‘:ﬁ ynugnLm ul'J[ glenuljwl wpppebpubpbl,
°l'[fi"‘"{ll" Surdwp llbm[m@[, feofpsiiibpne gpudbbpncd DEULTON
activation ibplnL&nLnn.lli[lE: ‘Lb[lzululfu, qonyugnidf fbpuwpbp-
buwy pwn dp. Snu mynond mnlnuwyfil mnckugibpp bplne -
bnpguwlwl hhnp fpwy, Swpnwpwghowlolh geenSwaiibpn,
uhinp 3§ pufbpgnnp Snynphyiby Esfugpbpne, B wpghhebbpp
wyn wumfrSwbf thufl[mufwufun.ﬁbwfl Jpuy Spqppin Eb: ’)‘[uu:f[:
bqbpppt shnpp duwlbpbupl ng=hnpdwbwpup bppnednodp Z["
bplwp pppuy lnl[wu[m:ll[rz‘ pwhf np buwlhwhopbl bdncybyne wp-
ackunfy Slimncfpeh Spb ki LpSwhwqpulwh wunbwnf Swdwp,
Eff ng mlJl wunnSunibpne Swidwp, hphbnund bpincdnud Jp
Surwlnupup wuy pps Jp vuppbp wpghchpibp:

'ﬂ—ﬁwn.uuyu(lp[l lnl_um&npnufnll (fUOI'CSCCnCC) :l.np&w&nuu&
dhfdnunf fbpineSncdp wpmoliky npny Sbumwpllinc [ffel fhnugqu—
dnypp whbywh puguyphsibpnch JEY: "ilj_ul;‘u np ?‘n&mo '”uuu.q-
bl duwnbwliymé by mbuwlupup Swhpniffbwh Swyniwplned-
bhpp hp fuinwSfils wylh bflﬁuuunu_pbwfl fpuy, Bl Fpuyh wpSufd
be u[:llriuf wnlpuy b gpandph JEP: ulu wnfifdnd Zuu[nun.nl.ﬂlu_fl—
bhpp funnupnbgu nulppf 1["”“[""['[" uplbyf ke qfiiidf Sudwp,
b wunnwluwhwh smnignidfibp winegh Swdwp, np siydwpnek-

] T r 7 iy mp reeup
guiL: U‘[imuulunfn'”[r Sbnwhywh=mwppbpnch mpaued Sbnwppp-
epncftpiip fufuncd achf fug np [l'wllflllmlm.[r, fbs np hphuy
u[uumu4[1[ rl.[muf[i lfliumul[lil 4ul[blrul qmnuf[r (smelting) zf[vfn—
gpl: ”u/[[:ir, opfpinulyfy Swifup wybpe fbmmy dpl by np shnpp
pwbwlny dhywn plwlwlpup grynifdfih 4’"LilbilulJ wp&w=-

3. SCHWEIZER F,, ‘“Analysis of Ancient Coin Using a Point Source linear X-ray
Spectrometer”, a Critical Review, wiq, £§ 153-69. METCALF D. M. &
SCHWEIZER F,, ““The Metal of the Silver Pennies of William II and Henry
I (1087-1135)*, Archaeometry, XIII, 1971, fp 177-90. HALL E. T,
SCHWEIZER F. . TOLLER P. A., “X-ray Fluorescence Analysis of Museum
Objects”’: A New Instrument, wiz, XV, 1973, 4§ 53-78. SCHWEIZERF, “X-
ray Fluorescence Analysis of Museum Objects’’: A New Instrument and Its
Application to the Analysis of Early Chinese White Porcelain. Applicazione dei
metodi nucleari nel campo delle opere d’arte, $nnd, 1976, £§ 227-45:
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Pfi FEP, ke wpbinp b ghfwbiny Fhumwnp Sulbpuwpuwpbh Suyybgibyne
qunncffbwh phffugphl, pnopwjugncdfily beogh, wpSwfthl §wb-
by Sfrgn Unyb Swilbdvnnncffbwdp, np bkplhwy bp gnpdwplne—
PEuky wnw. pun Slupuenpfh gupbifp Jp9ng Jpi b quiinugu-
bbyne wmuppbp whndliplbp bl Juynbumpbpnind wpdwfdn: llwulm—
ppy dpoo hngdbhy whupdbp b ppphe wfninwgngg qul. gapdwd—
nowd F pnepugugnodf pifdugphly be sfinpp pewhwlncftbuwdp dun
dp ulfl[ulu.zuux[lbl[m[r!;fl bp fiwy ofbpugus wip S fd lflnnuuluu{n‘,—
pl JE9: Uuuugru_ul& wpdwfFh nnlnup suhbynd ulrl[rinf—mp&wﬁ
SwidlbdunnncfBficiip whinp neifs bnowgbyne, whyncn, wpmolibyne
Swdwp nulppyy hunywp be wIJl by wi—muppbpndy: Fung bk
whd dp Yuinuy Sualyluyg ShPbwp b ll.pwaCmmmpwfl[i gnp—
Swenpbbpncd Frnwnppnef@pebubpp, wkhkng b Swdwpudpl nulfl
be Pbpbeu wy fuepupp, winbuyne SQwdwp wyl yuunlbpp, np
fynnewmd bp fepbe «wpdufdy: zﬁq&la buffugpuwpwp dinnd &
meuulwén‘”[ﬁl JEY l-llll[lil&ﬁil b, Lt Upilhybpupbp (niCkClifCrOUS)
Swhpbp ogumugnpdniwd Eu. puyg uplibyf sunpunnc G iihpp
pigpulpul by be wyhingp & wpdwiwbwl fplfy feniquplne b
Qlﬁllla, bppbdtl gpuinwenpbog Lbpuynd, dhnpp puwiuling weby-
gnowd £ Spp Qi p bt qpuwdibpnch, Sbwnwqugnpduwljul upuin-
Bunbbpn: ilﬂlilil IR Qulgnl.p[u_ila whagf Swiwp, np fpinup
fronp qnpdwé ppuy mewqm&n‘/llﬁl SEY ppnbgf thypubpibpne
&beny:

LEink u.[: ke zbﬂnuf Il.[z agnynp Fnrlwpllnufilliluujl -
thebifry genncfdfiip  bhpunbuyg ‘anl[nul[r uneyffuls ‘FmJ@nu[ulm[r .73
'RulJ[unu[rnll[y {bwn bplybgnebwh Prquplncdiubpp, yunn pupdp £
ke Zull[tulqwilg $zq.[1[un, af[rzl‘lil 4mznl_n4 93.5 k. 94.5% <(m[16'l.uﬂ))
(m[r&wp wnweky nulpy wnwcky Qwulwp): ﬁ'[n.li[la bp Swdunyu—
wnwufuw bl opfiinulyfy Susfup by Fudfuwnlpusy p uilsfy wlsgyyfron—
bl ufdbpfiilf Swfubifiy frls (un:[npwl.uup 92.5%, puwyg qopd-
bwlwbop bl wnl b wekyfr luu.)4: ”'pmeCwmmpmflli hupgugpne=
Phiip, npnch wppilp mnLwme wyu ‘”"’""’Z‘”&”JIE’ 2[1’ fplup
Swumunnncfy bbffugpnfbudp, pewhf np Sp Qi puip bt ppo—
Fw§unnuwpuiibpp wyfursinind kY fornmenp Quiyrenf: Uﬂnfle we k-
pls Yyuwinwd bh $urfuuguilig [uup&[r wumfr8uilifs Ful[u{pn[uull wipr—
Swfd ulwm[rulumlrlaz .anl.b[nll llwmmpblwq.n[r&nuua' $wifwlifry
wpwfdp [r[uu/lwfuu_ﬂbmir SE hpuup #ﬁJﬁwllmboptb 96 Luidf 97%
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30.vul.S-rNhy
Fhe [ LbunG U. Uhn| Ag | Cu [ Au | Pb | Zn | Ni [Updwp
Uplppudlbp
1 Urndfpss sfiney 5.52 (91.84( 7.18 [ 0.26 | 0.72 | — — | 92.82
2 | bphpnpg spaey, 11| 5.61 92,331 6.42 |1 0.23 | 1.03 | — — | 93.59
3 | bphpnpe prey, 11| 5.39 (92.79] 5.82 1035 | 1.05 | — — | 9%4.19
0wl ppudGbp
4 ((3(1)) uuun./:[rnl[ 285 9203 682 033 082 o = 9318
5 2.87 192,921 5.51 | 0.46 | 1.10 | — — | 94.48
6 2.87 191.25(5.52 [ 0.75 | 2.10 | 0.39 | — | 94.10
T 2.81 (92.47| 4.46 [ 0.40 | 1.87 | 0.80 | — | 94.74
8 2.84 192.23]15.47 | 0.65 | 1.64 | — — | 94.52
9 2.93 192.10 ]| 5.57 | 0.66 | 1.67 | — — | 94.43
<pllunpier gpudlbp
10 | II/H (<UUEGDy) 2.86 192.4216.32 | 038 [ 0.89 | — — | 93.69
11 II/H (UUEL») 2.92 192.65(6.23 | 0.37 1075 | — — | 93.77
12 | I/A 2.84 (90.85(7.58 [ 0.36 | 1.21 | — — | 92.42
13 [ I/D 2.90 |92.52(5.59 | 0.60 | 1.12 | 0.17 | — [ 94.24
14 | I/D 2.94 193.61|5.13 | 043 [ 082 | — — | 94.86
15 | I/E 2.93 [91.71 | 6.80 | 0.41 | 1.08 [ — — 193.20
16 | I/Gl1 2.89 191.27(5.93 |0.62 | 1.77 [ 042 [ — [ 93.66
17° | 11/B 3.01 |91.95]6.50 [0.39 | 1.16 | — — 1 93.50
18 | 1I/G2 2.79 (91.68 | 6.69 | 0.56 | 1.07 [ — — | 93.31
19 | 11/] 2.84 192.70] 6.02 | 0.43 [ 0.84 | — — | 93.97
20 | III/C 291 193.15]5.63 | 0.54 | 0.67 | — — | 94.36
21 | 11/ 2.95 195.1213.96 | 0.24 [ 0.55 [ 0.12 | — | 95.91
22 | IV/F 2.94 192.79 6.34 | 0.23 | 0.63 | — — | 93.65
23 | M. 572/A 3.00 191.38(7.30 | 0.44 1 0.88 | — — 192.70
24 | Ypuwgpuwd 1.43 191.29] 6.03 [ 0.81 | 1.69 | 0.18 | — | 93.79
Lbpnul U..
25 | Puyprupunnny 2.88 [92.60| 4.87 | 0.53 | 1.36 | 0.34 | 0.29 | 94.49
26 | Puypunupnini 2.73 193.11 | 5.00 | 0.48 [ 0.90 | 0.50 | — | 94.49
27 | Puypunupndn 2.98 93.23| 5.74 | 0.34 | 0.69 [ — — | 94.26
28 | Puypunupadnyd 2.89 192.42(5.90 | 0.50 | 1.18 | — — | 94.10
29 | Quiylynd 2.96 192.91 | 4.69 | 0.62 | 1.03 [ 0.47 | 0.28 | 94.56
30 2.88 192.92]3.87 | 0.88 | 0.77 | 0.70 | 0.85 | 94.57
31 2.95 93.21 4.19 | 0.50 | 1.09 | 0.42 | 0.58 | 94.80
32 2.82 19281 4.78 | 0.69 | 0.96 | 0.48 | 0.29 | 94.46
33 | — Unwypun nb 2.62 192.14 ] 4.85 | 0.87 | 1.07 | 0.68 | 0.39 | 94.08
34 | — Ynuypun nb 2.86 (92.65]3.36 | 0.81 | 1.01 | 1.01 | 1.17 | 94.47
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Summary

THE ALLOY OF THE THIRTEENTH-CENTURY
SILVER COINAGE OF CILICIAN ARMENIA

D. M. METCALF

Numismatists today have access to scientific methods of investigation of which
Father Sibilian, more than a hundred years ago, could not even have dreamed. X-
rays can be used to reveal, non destructively, the proportions of metals present in
a coin’s alloy.

The analyses published here deal almost exclusively with the period up to the
accession of Levon II. They serve to confirm and adjust Dr. Bedoukian’s results for
the period c. 1196-1270, as they should be substantially free from systematic errors
arising from internal corrosion. The analyses were made by the writer using a low-
powered focussing spectrometer named the ‘‘isoprobe”, by courtesy of Oxford
University’s Research Laboratory for Archaeology and the History of Art. In order
to overcome the effects of surface enrichment (i.e. corrosion and preferential
leaching), small section of the edge of each coin was thoroughly abraded using
emery paper, in accordance with techniques developed and evaluated in the Research
Laboratory during the last ten years or so for numerous other projects.

The method of X-ray fluorescence which was used allowed some investigation
into the minor constituents of the alloy. As pointed out by Dr. Bedoukian, the
specific gravity calculation rely on the assumption that only silver and copper are
present in the coin. On this occasion, measurements were also made for gold, lead,
nickel, and zinc, and spot checks for tin. The standard fineness of all the issues of
Levon I and of Hetoum I is very high and extremely accurate, averaging between
93.5 and 94.5% “silver”’.

The main result from the X-ray fluorescence analysis of Armenian coins in the
Oxford collection is to establish the exactly controlled alloy and high quality of the
early issues. They were introduced at a time when the Crusader principalities of the
Latin East were relying on low-grade billon coinages, apparently only 25% fine. The
Armenian national coinage was modelled instead on the Islamic dirham, adopting
its traditional weight and fineness, but achieving a higher standard of reliability,
which was maintained until 1272. Thereafter, there were successive debasements
during the reign of Levon II, by which the old tram was eventually replaced by the

takvorin.



