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Ab stract
In the pres ent pa per, a re cent anal y sis per formed on an cient 
pot tery sam ples is re ported. The aim of the work is the min -
er al og i cal char ac teri sa tion of two frag ments, at trib uted to
his tor i cal pe ri ods very far from each other, in or der to re -
veal the compositional dif fer ences, that may sup port or dis -
prove the dat ing of the find ings. Neu tron dif frac tion
mea sure ments al lowed us to ob tain a de tailed qual i ta tive
and quan ti ta tive iden ti fi ca tion of the min eral phases pres -
ent in the ce ramic bulk in a to tally non-de struc tive way. 

In tro duc tion

Ob jects of art and ar chae ol ogy are of in ter est for cul tural,
his tor i cal and sci en tific rea sons. There fore, an ac cu rate
phys i cal and chem i cal char ac teri sa tions of these kinds of
sam ples be come im por tant sub jects for both sci en tific and
hu man is tic field. A de tailed char ac ter iza tion of the ma te rial 
of an ar tis tic ob ject is the first step to achieve a com plete
knowl edge of the his tor i cal-geo graph ical con text in which
it was pro duced. Cul tural her i tage re search re quires
multitechnique and multidisciplinary ap proach and, above
all, ben e fits from the de vel op ment of non-de struc tive ex -
per i men tal tech niques. 

The pres ent work is ad dressed to the char ac ter iza tion of 
the ce ramic bulk of two pot tery frag ments, be long ing to
very dif fer ent his tor i cal pe ri ods, by Time-Of-Flight (TOF)
Neu tron Dif frac tion mea sure ments. The iden ti fi ca tion of
the min er al og i cal phases is a fun da men tal part of the char -
ac teri sa tion of pot tery sam ples be cause the com po si tion is
re lated to the man u fac tur ing ma te ri als and tech nique and
can lead to geo graph ical and his tor i cal at tri bu tion. The
main pur pose of this in ves ti ga tion is to put in ev i dence the
dif fer ences be tween the two sam ples, that can be at trib uted
to dif fer ent man u fac tur ing pro cesses and hence to dif fer ent 
pe riod of pro duc tion. 

The sam ples

A se ries of ce ramic sam ples was found dur ing ar chae o log i -
cal ex ca va tions per formed in Caltagirone (Sic ily, south ern
It aly) by the Cul tural Her i tage De part ment of Catania (Sic -
ily). By a first in spec tion, the sam ples were dis tin guished
into two groups, that ar chae o log i cal and aes thet i cal con sid -
er ations at trib uted to his tor i cal pe ri ods with a dif fer ence in
time of al most three thou sand year. Then, the Cul tural Her -
i tage De part ment sug gested to carry out a sci en tific study
in or der to ob tain de tailed and un doubted in for ma tion that
could con firm or in val i date the time at tri bu tion. The sam -

ples are cur rently be ing in ves ti gated by dif fer ent sci en tific
meth ods such as Fou rier Trans form In fra red Absorbance,
Raman Scat ter ing, X-Ray Dif frac tion and Neu tron Dif frac -
tion. 

Here we re port on the re sults from two sam ples, frag -
ments of dec o rated pot tery, rep re sent ing the two pe ri ods.
The first sam ple, namely CLT1, is dated back to 16th cen -
tury A.D., has a  light col our, a com pact and fine grained
mix ture. The sec ond one, la belled CLT8, was at trib uted to
the 15th cen tury B.C., its ce ramic paste is brown ish, coarse
grained and fri a ble.

Ex per i men tal set-up

The pot tery sam ples were in ves ti gated by TOF neu tron dif -
frac tion in or der to iden tify the min eral phases pres ent in
the ce ramic body. The mea sure ments were per formed on
the ROTAX neu tron diffractometer lo cated at the ISIS Fa -
cil ity at the Rutherford Appleton Lab o ra tory, UK. 

The ROTAX set-up uses a “white” beam of neu trons,
with wave lengths from 0.5 to 5 C, which cor re spond to
neu tron ve loc i ties from about 8000 to 800 m/s. For a fixed
flight path L of 15 m from the neu tron source to the de tec -

tor, and for a de tec tor at a scat ter ing an gle 2q, the en ergy
dis per sion is ob tained by dis tin guish ing the ve loc ity, which 
is achieved by mea sur ing the time of flight t of the scat tered 
neu trons, re sult ing in the crys tal lo graphic d-spac ing d:

t
m

h
Ldn=

2
sin q,

where h is Planck’s con stant and mn is the mass of the neu -
tron. ROTAX has three lin ear po si tion sen si tive de tec tors

that span an an gu lar range from about 2q = 5° to 150°, al -
low ing for a d-spac ing cov er age from 0.3 to 15 C. 

A par tic u lar ad van tage of the used tech nique is the pos -
si bil ity to in ves ti gate large frag ments and even in tact ob -
jects, so that the in te rior of an ob ject can be ana lysed
with out break ing or dam ag ing it. De tails of the ex per i men -
tal set-up and ex am ples of TOF neu tron dif frac tion on ce -
ram ics [1] and metal ob jects [2] can be found else where.
The pot tery frag ments from Sic ily were mea sured in a

beam 20 ´ 20mm2 cross sec tion as re ceived, i.e. with out
prep a ra tion, for about 2 hours. The ra dio-ac ti va tion in -
duced by the mea sur ing pro ce dure, dis ap peared af ter a few
min utes. The data were sub jected to a quan ti ta tive phase
anal y sis based on the Rietveld method us ing the GSAS
pro gram [3].
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Re sults and dis cus sion

The per formed mea sure ments and the en su ing Rietveld
anal y sis al lowed to ob tain a good quan ti ta tive char ac ter iza -
tion of the main min eral com po nents pres ent in the in ves ti -
gated sam ples. 

The mea sured dif frac tion pat terns for the in ves ti gated
pot tery frag ments CLT1 and CLT8 dif fer sig nif i cantly.
The ex per i men tal spec tra col lected by two of the three de -
tec tors in the range from 1 to 5 C, as well as the fit ted the o -
ret i cal structure mod els of the min eral com po nents for
sam ples CLT1 and CLT8 are re ported in Fig ures 1 and 2,
re spec tively. 

The iden ti fi ca tion of the min eral phases and the as sess -
ment of their rel a tive weight frac tions were ob tained and
are sum ma rized in Ta ble 1. Both sam ples con tain mostly
cal cium-rich min eral phases, typ i cal for Med i ter ra nean

paste. The an cient pot tery (CLT8) con sists
mainly of quartz, illite, a cal cium-rich
plagioclase, cal cite and K-feld spar. The more
re cent pot tery sam ple (CLT1) ad di tion ally
con tains phases from the pyroxene group
(most prob a bly di op side) and from the melilite
group (most prob a bly gehlenite), while the
amount of illite is much re duced. The struc ture
model for illite/mus co vite is not very re li able,
so weight frac tions for this min eral should be
con sid ered as ap prox i mate val ues, sup ported
by the fact that its pres ence is clearly in di cated
by char ac ter is tic Bragg peaks. Di op side and
gehlenite are new for ma tion min er als that typ i -
cally point to fir ing tem per a tures higher than
900° and 650°, re spec tively [4]. For the high
amount of di op side in CLT1, we can de duce
that the re cent pot tery was fired at a fir ing tem -
per a ture much higher than the an cient one. In
this last, di op side could come from raw ma te -
ri als, in fact some times di op side is pres ent in
rocks and clays that have not been fired, but
not in high amount.

Con clu sion

TOF neu tron dif frac tion mea sure ments were
per formed on pot tery frag ments, com ing from
Sic ily (It aly), and al lowed us to ob tain the min -
er al og i cal com po si tion of the sam ples. The
quan ti ta tive de ter mi na tion of the min eral
phases re vealed compositional dif fer ences for
the two sam ples. This re sult at tests dif fer ent
rec i pes, ma te ri als and ex e cu tion tech niques
for the pot tery man u fac ture and hence these
dif fer ences can be at trib uted to dif fer ent pe ri -
ods of pro duc tion.

A fur ther ad van tage of the used method
is that the re sult of the mea sure ments is an av -
er age over a large sam ple vol ume of the in tact
ob ject.  The in ves ti ga tion is ab so lutely non de -
struc tive, which is a con sid er able ad van tage of 
neu tron dif frac tion com par ing with X-ray dif -
frac tion anal y sis. 
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Fig. 1. Mea sured data (sym bols), cal cu lated pat tern (solid line), and dif fer ence
be tween the ob served and cal cu lated in ten si ties (lower curve) of pot tery sam ple
CLT 1. The bar codes in di cate the the o ret i cal peak po si tions of the dif fer ent
phases (bot tom to top): quartz, cal cite, plagioclase, illite/mus co vite, k-feld spar,
di op side, gehlenite. The two  pat terns cor re spond to the foreward (top) and back -
scat ter ing de tec tors on ROTAX, re spec tively.
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Mi ne ral phase Weight fracti on (%)

CLT1 CLT8

Quartz 36.1 41.8

Il li te/Musco vi te 11.1 17.9

Plagi ocla se 18.9 25.8

Cal ci te 8.0 3.2

K-feld spar 2.3 4.5

Di opside 17.9 6.5

Geh le ni te 5.5 not pre sent

Ta ble 1. Min eral com po si tion of sam ples CLT1
and CLT 8.

 Fig.  2. Mea sured data (sym bols), cal cu lated pat tern (solid line), and dif fer ence 
  be tween the ob served and cal cu lated in ten si ties (lower curve) of pot tery sam ple   
 CLT 8. The bar codes in di cate the the o ret i cal peak po si tions of the dif fer ent phases                                                                                                                                       
(bot tom to top): quartz, cal cite, plagioclase, illite/mus co vite, k-feld spar, di op side.
The two  pat terns cor re spond to the foreward (top) and back scat ter ing de tec tors on
ROTAX, re spec tively.


