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STUDY BY MOB ILE NON DESTRUCTIVE TESTING OFTHE 
BRONZE STA TUE OF TH E ''SA TIRO" OF MARSALA 

GIUSEPPEGUlDA, DOMEN ICO ARTIOLI 

Istituto Superìore per lo Conservazione, MiBAC 

STEFANO RIDOLI FJ aod GIOVANN I E. GIGANTE 

Dipartimento di Energetica, Sapienza Università di Roma 

The bro nze s tatue ca lled thc "ti Sariro danzante·· was (ound nndenvater in the Sicily 
channel in the 1997. The t estoration at rhe Istituto Centrale per il Resrauro was very long 
and e.aref\1 1. assistcd by diagnost tc> procedures in oròer lo help the conservative cho ic~ in 
lhe consolidation or rhe arteract and Lo know che age and provenance of the starue. The 
resuhs on thc alloys composir ion a nd structure 3re reponed in this paper. 

lntroduction 

The study by means of destructive an d noo-destructive methods of investigation 
of the hronze statue of the "Satiro" had been possible because i t was in restora
tion for a long period of ti rn e in the l'Is tituto Centra le per il Restauro [1]. A 

complete diagnostic examination of a work under restoration is a praclice he
comi ng commo n, with som,e difficulties, in the conservative re.,toration of very 
relevant works [2). The relative higb cosr of diagnostics limits, instead, the use 
in al l cases, with rem arkable risks and limitations overalt for the aspects con
cerning rh e monitoring an d maintenance of restored work. 

An extended program of investigations basn't, in facl, tbe only finality of 
conservation, but also of a hetter knowledge of restored work under the point of 
views of its materia( consistency and of a more precise historical identification 
[2). In the case of a work, as the Satiro, accidentally recovered in the S icily 
channel (outs ide by an historical context to which refer, then with a provenance 
and more uncertain historical context) the exams oriented toward the knowledge 
can have a greater importance then in other cases. This is the reason because in 

this paper the aspects of kno"vledge and identification of the work under study 
will be disc ussed in more details. 

Among lhe differenr approacbes to the study of ancient metals t:h.e use of in 
situ non in vasive techniques is rat:her recenl lhank ro tl1e growing potentialities 
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of mobile systems of non destructive testing and to the possibiJity to perform 
metallographic exams in sim; th ·is kind of exam allow to stt.~dy the production 
technology and to identify the techniques used in the casting a big bronze statue 
[4). The non destructive approach has been privileged, but it is not to be ne

g lected to verify always the resu lts with destructive tests, making microsapling 
in h in der parts of the artitàct. 
In lhe case of the Sari.ro the main open arcaeometric problems are: a) the age of 
the artefacts, b) its provenance, c) the casting techniques and the used surface 
treatments. 

\1ea~uring technlques and experlmentul appa ra tus 

A short description of experimenral methods an d appararus is giveo in the n ex t 
paragraphs. 

l. l. fu Field EDX RF spectrometer 

The Field Portable Energy Dispersive X-Ray Fluorescence (FP-EDXRF) tech
nique is based on excitation of samples with X-rays and measurements of tbe 

energy of the secondary X-rays emitted by the samples themse lves . The energy 
of secondary (also known as cbaracteristic) X-rays depends on tbe chemical 
elements present io the sarnple being examined whlle the intensity of the energy 
is proportional to the abundance of the element uoder scrutiny. 
These surveys may be carried out prior or during the restoration work; however, 
as the methodology is totally non-invasive, i t may be applied for purely informa
tive purposes, regard less of intervention . The penetration of X-rays varies from 
a mexe few (as in the case of gold) 10 several bunàred microns (as in the case of 
ligbt-weight mao·ix eletnents, for example those containing relevant amounts of 
organic compounds). 

The EDXRF examination is capabte or detecting the composit ion of a metal 

alloy, in fact the high atomic numbers and the density of rnetal alloy faci litate 
the production of fluorescenl X-rays of enough eoergy to be detected, eveo us
ing a tow intensity sources. The fluorescem lines emirted by aD elements com
pounding tbe alloy appear within the spectrum, whereas low awmi,ernumber 
elements are absent or minoritary in the matrix. 

A typical EDXRF-system is composed of three parts : a) an X-ray tube; b) 
an X-ray detector with electronics; c) an acqu1sirion system with a multichannel 
analyser. 

TI1e X -ray t1tbe works at 30 kV and O, l mA. lt is a light (air cooled) rube 
( less than 2 Kg of weight). 

The detector used a Silicon Drift Detector ( SDD) detector having a energy 
resolution of 139 e V at 6,4 keY. The detector is coo.led with a Peltier build in 
circuit [5]. 
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1.1. iV/etalloJ?raphy 

Metallography is the technique of preparing a metal surface for anal.ysis by 

gnndmg. polishing, and etching to revea l microstructual constitoen ls. After 
preparatìon. t.he sample can easily be analyzetl usmg optical or elec1ron 
microscopy . A skil led technician is able to iden1ify aUoys and predict materia! 
properties, as well as processing condi lions and corrosion process due to the 
exposition co the different environrnents 16]. 

Metallographic specimens were "mounted'' usiog a hol compressiou 
Lhermoset!(ng epoxy resin. Mounting a specimeo provides a safe and ergonomic 
way to hold a sarnple during th e grindingand pollshing operations. 

After mounting. tbe specimeu is wet grounded to reveal t.he surface of the 
metaL Tbe specimen is successively grounded with finer and finer grades of 
sii icon carbide paper LO remove da m age from secrioning and 1hen from each 
gnnding step. After grinding lhe specimen was pol ished w1tb a s lurry of 
alumina, s ilica, or diamond on a nap less doth to produce a scral:ch-fret: mirror 
linish. free from smear. drag, or pull-outs and with mm1mal deformation 
rema ini.ng t'rom the preparalion process. 

After polishing, certaiJl microstructural constiruenls can be secn with ti1e 
microscope, e.g., ìnc!usions and nilrides . fmally in order to reveal crysral 
structure (apart the non-cubie ones} were Llsed suitable chemical o:r electrolytic 
etchant 

2. Results and di!iC-U'I'\l(Hl 

The starting point in lhe discuss)on on the obtamed resu lt:- is that, as 1s vcry 
common in the classic roman period, the statue is built so ldering together differ
ent pieces. A careful examination dunng the restorat1on allow us to es1ablish 
that a) head, b) chest., c) rwo legs, d) two arms are joint together by welding. 
TI1e strong corrosion or lhe surtàce forbids the non desLructive analysis of the 
alloys directly on lhe artefa~,;t afrer a scratchmg of tl1e patina, that is a common 
practice on ancienl bronz.es Lhat do not showing yet a thick degree of corrosioo, 
as il is in the case of Sa ciro. l i was chosen then to do !ew samples, however do
ing a mapping or the rutefacL S11rface with the aim ro pul in evideoce supertìc1al 
degradation phenomena ofthe àlloy. 

2.1. Alloys composition 

In rable l are shown the results obtamed on the samples, obviously done oo the 
differenl pjeces compounding the Satiro, 111 figure 3 are shown tbe withdra\vals 
po111ts. Taking on ly ulto account the results to be refer to the six pieces the fìrsl 
observation ÌS (hat lhe- alloys shown 3 similar composition, ali featLHing a high 
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Jead concentratLOn ( 14-2l 1!ro) w h icb, as w dJ h e confirmed fo llowu1g by lhe met
allography, undergo a globular segregation. The head is constituted by high tin 
(J 1%) co ncentration alloy, in comparison with tbe other parts (4-6%), probab)y 
an intentioual clooice to obtaiu a better nuidity of the alloy. Ai1e1 ali ilie hair aJ

)oy look s irnila.r, charact.::rised only by lower lead concentration prohably a llq
uefactlon due to diffetent behaviour during the mclting and solldificauon 
pbases. The Grsr hair sample belongs to a picce melted apart. The lower iron 
concentration, the only marker allowing us ro assess the puri ty of the row mate
rials used, may suggesr :1 g reater care in the materia! se lection, co mpareu w thar 
clone for the other parts. The htgb anisr.ic quality of the head . requiring a g.rater 
care, could therefore find vertfication. 

Table. l . Resulls ofche cDXR F nnalysos on wichdo·aw samples ol lhe allov 
from lhe Sauro. 

Pos itior;~ nf lhe llithdnl\vnls Cu S" PIJ re 
hend (resr inner folding m thc nght) 68.5 11,.2 21J.tl 05 
hair (inner s1de o i lhe head) 76 .6 9,8 13,o 0,4 

hnir' (brg plece d~tached) 73,8 '1.3 16.9 0,4 

l eflthig h ~n e:u- the el'lge) 1:0 ,9 4.4 2 1,0 0,7 

rig_ht thigh (excemul side ) 70 ,4 (,, 4 2 1.7 1,4 

lert &l 'nt 1 inner s ide) '10,7 11,9 15.-1 1.0 

leff a nn (ìnne r S•de) 72.2 12.7 14.1 1.0 

rig)l l a nn (extemal stde) Ml ,l 8,7 2 1,1 1, 1 

rignt a nn !lnner Stde) 71,7 5,2 20.1 1.1 

leflleg (ex temal s1de) 71.3 9.6 l6.J 0 7 
le l'l arm (o n Llu.· soldenng) 49,5 7,4 4'2,5 0,6 

dg h( a m (on rhe soldering) 69.1 5.5 24.5 0.9 

The sampl.:: ta.ken from the welding ~how ao in.;rease of lead conceotratioo, very 
evident in one of the two samples, poi n t ing out th e use of a copper alloy with a 
hir,her lead coucentrat·ion. 

The resul!s of lhe metallographic study of the sa mples taken by 1he head 
(ftgure l ), tJ1e left ann and the Jeft thigh ctearly showed a crysralline microsrruc
ture constirute by a dendritic array rend(ng ro a polygonal sh.ape wirh tl1e evi
dence or slidmg planes. A IIth e samp les show a much corroded surfaoe; this cor
rosion goes deep into being of an 1orer-dendritic rype. ln tbe case o f the head i t 
i~ in 1J1e mterval300-500 micron and for the lei~ arm reach the 800 micron. Lead 
rounded globes of variah1e s ize and inclus10ns of different kind are always pre
sent 

Table Tt sb.ows the resu lts of rh e auulysis of the alloys ob1ai n ed o n the lluee 
metallographic samples; they are quite different rrom those on the withJr:-~w 

samp)es. The superfìcial treatment of this sam ple could aher the resul t5. for ex-
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ampie for t.he presencc ol lend glohe. 1he ohtau1ed result confirm:. howe\er th:ll 
the alloys ol thc Sauro hav~ :\ htgh lead conctntrallon and a 110 on m lhe nur 
mal range for an art1-;l1C hronzc 

Fi"ute l . lmages of mtt~ll<~eraphtc ~ampie 1ol.en from the heud. nght 100 ~. teft 200" 

Tuble Il Rt~uh) of FD.XR .. onill'tst~ on the th~e mecollographic sarnplt) 

\\ lthdrll,.llrto~itlo•• for rnetaiiOI!r:IPh~ Cu Sn Pb Fc 

tit'lld (wnhdnlwaifcom lhc nJ!X') SO." 8.2 10.9 0.2 

l d ì llfll iO,~ 9,4 .20,2 0.2 
l.eft ltg 1 1 8,5 .20,5 0.2 

Ftgun.: ~ L<ft 111 t~amrtlt of cuno>ton phcnon1enon (gc<tn (la t m~). IrA an cumple of •e.1 vnetn 
CC'l\CTdtoll 
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2.2. Results oftlre superficial mupfJÌng with a ED\RF spectrometer 

With the ai•u to cbaracterise the different corrosion phenornena on tbe Satiro 
surface and , maybe, identify the hexogen rnaterial adbering to it, (figure 2), a 
systematic surface roapping was carried out. The points were chosen using the 
visible alterations and cbeir colour with the help of the restorers. In the three fol
lowing figures (flgure 3-5) the posi tìon of 26 points is shown and in table IH 
there is a short description of cbeir visual aspect. 

Figure 4. Position of some measuring po int on the chest, head aod back o[ the 
Sa liro 

Tbere are severa! and usefu l resu lts of !he mapp•ng that are not possible to in

clude in this d iscussion. 1t was poss1ble ro iden tify particular alleratioa proc
esses, sue h as that of poi n t 18 (figure 6) in which t h e presence of iron an d man
ganese allow to attr ibute the black colour fo a digenesis pbenoroenon wi!h rnin

erals of the sandy floor. 
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l. You c:~ n see 3 v 1deo '" \.\'\\ \\ p:~ges a t: 1.11[!:/ \\"\\ " .)\l t:luhc çoJll! 
wotch.,\ nK•wYJpvEsU 
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\ltsu;~l identifil:lltìoo 

Nenr·wh ite c leat dusty grten 
Green 
N<:er- whlr~: t'lear dusty gre<:n 
Nearly uttpaltttated iron grey 
Clear du$ty green 
Blue-grey 
Grey-l:>rown (éle<~ •• spc•t) 
Clen t· bt'(lwn 
Thtel.. eme!1lld green 

Thiel: averagc gr·~n 

Dnrk glq~sy green 
81ue-grey (below calcareous 
concrerions) 
Olive--grttn 

lnncr poinl 
Dark-b rown 
Dus1y dark-black 

Remedin l plug 
Bastn we ldi11g 
Clclll1t:d area 
BJad, pornt on the ehrr1 
Grey-brown poinl on tht'-
cheek 
Basin welding on the neck 
U uter spo( o f Lhe welding 
Eye 

Short description or obtain,•d results 
~----------------Le:~d rcmarkable >uperfi ciul enrichmenl 

lead o em~rkable &ttper ficiol enrtc-hmem 
l.ead :IJ1(J %ìne >uperfkial ent•ichtntrot 
L end re1n~rkable sup~t fic ial entichntt ttt 
Lead, irnn and tin sup<rfkia l enrio:-hment 
Lead rcmnrkablt su~rficral etorichment 
Le~d rernnrkable s liJXrlicirol enridtment, iron and vanad;um 
Tro11 und vanadrum rerna rkable superficìal c:nrichmet11 
Lcad, superficial enrichmenr. shnnriurn, calcìum, porns:.ium 
and vanndium 
Lead, superliciàl enr·iehmenl, Ìt'Oil, manganese an d VUIIIJdtum 
Lead superlìeia l cnrichtnem 
Lcad su p~rficia l enriehmMI 

Lead supedioial ennehment. calciu rn , m<mganese, rron and 
vsnadi\ltn 
Lead, J.llle, lin remarkuble superfteia l enrichmcnl 
Cah:ium, 11on ~nd strotll tum 
L~ad t'llmat'kable supeJ fio: tal enrichment, calc ium, porassìum 
rnunganese, iron. :!tnt and srronnu rn 
Cnlcium, potasso11m, il'ot• and Slr()nnum 
L<'.ad remarkable superl tcial enricbrnent 
L-ead superlìeial enrichr11cttt, vanadlum 
Le~ ci rerna rkable superfiera l ennc:hrnent , io•on ennchmem 
Lead and •ron remnrkable superficial ennchmc-nl , C11k•um. 
v~n:tdium . sn·o nltiHll 
Lead and iri'n rernarkal:l le superficia l enrichmenl. Z111C 

Lead and oron renwrknble superficial ennchmenr, zinc 

Calcrum imn. sltolltium 


