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Ab stract: The non-de struc tive ap proach to the sam ple treat ment dur ing the an a lyt i cal pro cess is one of
the cru cial ad van tages of the PIXE (Par ti cle In duced X-ray Emis sion) tech nique. Rare and pre cious
en vi ron men tal sam ples can be ana lysed non-de struc tively in or der to eval u ate the con cen tra tion of
in di vid ual el e ments pre sented in the spec i men. A non-de struc tive anal y sis of two me te or ite sam ples was
car ried out us ing 3 MeV pro tons in ci dent in a nar row ion beam (1.5 mm diam.). GUPIXWIN soft ware
pack age was used for spec tra eval u a tion. Con cen tra tions of sev eral el e ments (Fe, Ni, Cu and Zn) were
de ter mined and sur face dis tri bu tion maps were con structed.
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1. In tro duc tion

The PIXE tech nique is spe cial ized on trace el e ments con tents de ter mi na tion. It can be used
for al most all el e ments con tents eval u a tion de pend ing on the sam ple struc ture. Im por tant
as pect is that the num ber of ions which in duce the emis sion of de tected ra di a tion has to be
treated care fully. The PIXE tech nique is con sid ered as non-de struc tive ma te rial an a lyt i cal
tech nique. This state ment is valid within stan dard con di tions. Ob vi ously, if the in ten sity
and en ergy of the in ci dent beam ex ceed cer tain level then the ana lysed ma te rial can be
dam aged even de stroyed, es pe cially in the case of thin sam ples. For low beam in ten si ties
(rep re sented by mea sured cur rent in Far a day cup) at nanoamperes lev els and short mea -
sure ment times, e.g. 10 minutes, the ef fects caused by in ci dent par ti cles are usu ally neg li gi -
ble. De tails about PIXE tech nique can be found in [1].

The aim of the pres ent work was to ana lyse two me te or ite sam ples us ing the PIXE
tech nique, namely the Rumanová chondrit (Slovakia) and the Can yon Diablo iron me te or -
ite (Ar i zona, US).

Acta Physica Universitatis Comenianae
Volume LIV (2019) 109�114

*Ded i cated to Pro fes sor Pe ter Pre�najder on the oc ca sion of his 70th birthday



2. Ma te ri als and meth ods

1. Me te or ite sam ples

The Rumanová meteorite finding is described in [2]. This finding comprised of one
4.3 kg piece of stone with a density of 3.53 g/cm3, and dimensions of 18.5×14.0×12.5 cm3. 
The meteorite showed an evident degree of weathering, as well as visible chondrules of
different size and structure. The meteorite was classified as H5 chondrite with dominant
minerals such as enstatite, olivine, kamacite, taenite and troilite [3]. It was previously
analysed using Mössbauer spectroscopy [3, 4] and gamma-ray spectrometry [5]. The
situation with the Canyon Diablo Arizona meteorite sample is more complex since the
original material was enormous comparing to Rumanová meteorite. The Barringer Crater
(named in the honour of Daniel Barringer, who was first to suggest that it was produced by 
a meteorite impact) is approximately 1200 m wide, 170 m deep and its age is 49 000 years
[10]. Research in the last century described various aspects, e.g. [7�9], but relatively
recent work [10] concludes that the meteor crater was formed by a high-velocity impact of 
a tight projectile swarm. The authors claimed that a similar crater could be formed as well
as at lower impact ve loc ity, but this would mean that much more solid projectile ejecta
than has been observed. We analysed just a small fragment (mass of 14 g) using the PIXE
technique. The non-destructive analysis should provide information about surface
distribution of elements presented in the sample.

2. Sam ple prep a ra tion

The sam ples, their di men sions and de tailed sur faces are shown in Figs. 1 and 2. The
Rumanová me te or ite sam ple is rep re sented by a cut block from the orig i nal ma te rial,
while the Arizone me te or ite is rep re sented by a 14 g frag ment.

In or der to avoid con tam i na tion dur ing han dling the sam ples a spe cial ap proach to the
sam ple at tach ment to the sam ple holder was in volved. An eas ily mould able pad made of
alu minium foil was at tached to the sam ple holder us ing con duc tive dou ble coated ad he -
sive car bon tape. Sub se quently, the sam ple was slightly pressed into this pad. Such at -
tached sam ples were in stalled into the PIXE cham ber for anal y sis (Fig. 3).
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 Fig. 1. The Rumanová me te or ite sam ple.              Fig. 2. The Ar i zona me te or ite sam ple.



3. The PIXE anal y sis

The PIXE tech nique used at the CENTA lab o ra tory has al ready been de scribed in [11]
there fore we shall pres ent here only few com ments. The 3 MeV pro ton beam was used for
anal y sis. The beam size at the sam ple sur face was approx. 1.5 mm. The beam was fo cused
us ing a mag netic quadrupole and collimator slits to achieve this di am e ter. Dur ing the mea -
sure ments an av er age beam cur rent was approx. 100 pA. The to tal col lected charge was
50 nC (same for all ana lysed spots) and the ORTEC dig i tal cur rent in te gra tor was used for
its mea sure ment. Emis sion of the sec ond ary elec trons from the sam ple sur face was sup -
pressed us ing a spe cial elec trode kept at the neg a tive po ten tial of 400 V. The emit ted
X-rays were de tected by the Can berra BEGe de tec tor (model BE2825). This de tec tor is
cov er ing the en ergy range from 3 keV to 3 MeV, with en ergy res o lu tion of 390 eV for
5.9 keV ( 55Fe) and 1.8 keV for 1332 keV ( 60Co). Over all 30 po si tions (spots) in a mesh
with 3 mm step were ana lysed across the Rumanová me te or ite sur face. The de tail of the ana -
lysed sur face is shown in Fig. 1. The bright ness of the orig i nal pho tog ra phy (Fig. 1 left) was
slightly ad justed for better vis i bil ity of sur face inhomogeneities. A black cir cle in a pho -
tog ra phy taken from the cham ber in side (Fig. 3 mid dle) rep re sents beam size dur ing the
mea sure ments. The spec tra were pro cessed us ing GUPIXWIN soft ware pack age. Us ing
cur rent de tec tion spec trom e ter rel a tive con cen tra tions of a few el e ments (Fe, Ni, Cu and Zn) 
could be eval u ated.

The sec ond sam ple � the Ar i zona me te or ite � was mea sured in a sim i lar way, but the
anal y sis was more com pli cated as the sur face had an ir reg u lar shape. The pho tog ra phy of
the Ar i zona sam ple sur face (Fig. 2 right) was ad justed in the same man ner as for the
Rumanová sam ple.

3. Re sults and dis cus sion

Each of 30 mea sured spots on the Rumanová me te or ite sam ple were ana lysed in di vid -
u ally us ing the same pa ram e ters in GUPIXWIN. Spec tra were fit ted and in for ma tion
about in di vid ual peak ar eas were ob tained. The max i mum area for each el e ment (out of
the 30 ana lysed spec tra) was pro nounced as 100% con cen tra tion and all other spots with
lower area val ues were nor mal ized to this max i mum. Such rel a tive con cen tra tions of iron,
nickel, cop per and zinc were cal cu lated and dis tri bu tion maps were cre ated (Fig. 4). 
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Fig. 3. The sam ple at tach ment to the sam ple holder, po si tion of beam in side the PIXE cham ber and the
PIXE cham ber with BEGe de tec tor.



Measured spectra observed with maximum concentrations (together with the GUPIXWIN fit)
are shown in Fig. 5.
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Fig. 4. Nor mal ized con cen tra tion dis tri bu tion maps of the Rumanová me te or ite sam ple.

Fig. 5. Mea sured spec tra and GUPIXWIN fits of po si tions with max i mum con cen tra tions of Fe, Ni, Cu
and Zn in Rumanová me te or ite sam ple. Po si tion of X-ray lines are de noted by ar rows; the ar eas for nor -
mal ized con cen tra tion dis tri bu tion maps were de ter mined us ing the GUPIXWIN fit.



For all 30 po si tions such spec tra were ana lysed, and ar eas were used for nor mal ized
con cen tra tion cal cu la tions. The pres ence of any other el e ments was plau si ble since the
GUPIXWIN fit ting pro ce dure was af fected by high un cer tain ties. Iron was mea sured in
all ana lysed spots with the low est value at ap prox i mately 40%. Nickel was mea sured in all 
ana lysed spots; the low est value was ap prox i mately 16%. Cop per ex hib ited lower con cen -
tra tions and in 3 spots no cop per was ob served. The con cen tra tion of zinc was low (lower
than cop per). Again, in 3 spots (but dif fer ent from Cu) no Zn was ob served. The dis tri bu -
tion maps show sur pris ingly high inhomogeneities in the dis tri bu tion of el e ments in the
Rumanová me te or ite which should be taken into ac count when other non-de struc tive an a -
lyt i cal meth ods are used for de ter mi na tion of el e men tal com po si tion (e.g. mi cro scopic
meth ods).

The situation with the Canyon Diablo meteorite sample is more complex. Since the
surface of the sample is very rough and the composition is different, i.e., the iron content is 
much higher comparing with other elements, the relative elemental composition could not 
be calculated. Also current detector resolution (approx. 400 eV at 6.4 keV iron Ka line)
was not helping to improve this problem. Measured spectrum of the Canyon Diablo
meteorite sample is shown in Fig. 6.

The GUPIXWIN fit ting pro ce dure man aged to fit iron and cop per with low un cer tain -
ties, but other el e ments were not found, or the fit ted area ex hib ited high un cer tainty thus
the pres ence of in di vid ual el e ments is ques tion able. The chro mium and nickel are the
most prob a ble can di dates, but also man ga nese (Ka X-ray line of 5.9 keV lies be tween

chro mium and iron) could be pres ent in this sam ple. Nickel (Ka X-ray line of 7.5 keV) and 
zinc (Ka X-ray line of 8.6 keV) could be also pres ent in the sam ple. For such anal y sis a
better spec trom e ter res o lu tion is needed. Hope fully, a new SDD de tec tor (res o lu tion of
140 eV) will be in stalled into the PIXE cham ber (planned dur ing the sum mer 2019) and
more pre cise anal y sis will be pos si bly per formed.
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Fig. 6. Mea sured PIXE spec trum and GUPIXWIN fit for the Can yon Diablo me te or ite sam ple. Iron and
cop per could be eval u ated, but pres ence of other el e ments (e.g. chro mium and nickel) was ques tion -
able be cause of the de tec tor res o lu tion and high iron con tent.



4. Con clu sions

The ob tained re sults of the anal y sis of the me te or ite Rumanová with PIXE tech nique
are prom is ing. The next step will be to de ter mine the ab so lute con cen tra tions of ob served
el e ments (in ppm or mg/cm2) as cal i bra tion of the spec trom e ter is needed for thick sam -
ples. Mea sure ments of geo log i cal stan dard ma te ri als are planned, and re sults should pro -
vide ap pro pri ate cal i bra tion pa ram e ters in or der to de ter mine the ab so lute abun dance of
el e ments in the sam ple. We have dem on strated that the de scribed non-de struc tive PIXE
ap proach can be used for pre cious sam ples anal y ses. The dis tri bu tion maps showed, how -
ever, high inhomogeneities in the dis tri bu tion of el e ments in the Rumanová me te or ite
which should be taken into ac count when other non-de struc tive an a lyt i cal meth ods are
used for de ter mi na tion of el e men tal com po si tion (e.g. mi cro scopic meth ods).
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