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Introduction

The Scanning Electron Microscope (SEM) uses an electron beam in order to obtain
surface images of different samples [1]. The beam is used to scan point by point a
predefined area and the point where the electron beam hits is correlated with the
signal in the electron detectors and the image is then reconstructed. Another type
of analysis used with the SEM is the Energy Dispersive X-ray Spectroscopy (EDS)
and this allows us to make studies when elemental analysis is necessary. The EDS
system detects the characteristic X-rays due to the electron beam excitation of
the atoms that can be found in the sample [1], [4]. In image 1 we have a sketch of
a SEM system (left side) with the beam column and the filament from which
electrons are generated and the principle of SEM with the production of
backscattered electrons (BSE), secondary electrons (SE) and X-rays.
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Figure 1. SEM system sketch (left) and SEM principle [1]

The SEM-EDS in our department is produced by Zeiss, the model EVO MA15
coupled with a EDS system provided by Thermo Scientific. Technical characteristics
of SEM: an acceleration voltage that can be from 1 to 30 kV having different
sample holders that allows us to analyze up to 9 samples at once. The SEM has
three detectors : a BSE detector and two SE detectors — one for high vacuum (HV)
and one for variable pressure (VP). The EDS detector is a SDD with 129 eV (Mn)
resolution used to perform X-ray spectrum of a certain area, a point by point
analysis and an elemental maps.

Figure 2. SEM-EDS Zeiss EVO MA15
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Methods and Samples

We have analyzed some Neolithic adornments (two earings, three
pendants and some beads), the goal being to determine their elemental
composition to identify the minerals used by Neolithic people . The
artifacts are found in settlements of Boian and Gumelnita cultures
(Cascioarele, Sultana - see figure 3) supposed to be from nephrite.

Figure 3. Map of artifacts Figure 4. Nephrite artifacts

Another goal was to demonstrate that SEM-EDS can be successfully used
used in archaeometrical studies. The SEM-EDS system is very versatile
and can give us the necessary information in order to reach conclusions
for the archaeological domain, even if sometimes the results must be
completed by other methods (XRF, PIXE). The VP method was highly used
due to the nature of the samples (non-conducting).
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Figure 5. VP method for SEM [1]
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Results

The results obtained using SEM-EDS has offered us the information
necessary to conclude that indeed the samples are made out of nephrite
(see figure 6, 7, 8), because the elemental composition has shown the
main components of nephrite Ca, Mg, Fe, Si and O are dominant in the
samples and their weight values are very close to the theoretical values
obtained from the formula Ca,(Mg,Fe).SSi;0,,(OH), We have also

compared our spectra and the weight values to those from modern
pendants geologically confirmed to be made out of nephrite and jadeite .
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Figure 6. Spectrum and elemental composition table for nephrite pendant
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Figure 7. Spectrum and elemental composition table for nephrlte earing,
inventory number 12019

Full scale counts: 17041 Base(7) Cursor:  5.211 keV
" - N ----

204836 39.58 46.48

16136

292874 13.49

29641

Figure 8. Spectrum and elemental composition table for nephrite earing,
inventory number 12020

Similarities can very well be observed between the pendant spetrum
(figure 6) and the earings spectra (figures 7 and 8).
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Figure 9. Elemental composition tables for nephrite beads (left) and jadeite pendants (right)
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Figure 10. Jadeite pendants samples

Conclusions

For the earrings the data shows that the elements of nephrite are the
dominant ones, even though some other elements are present their
contribution is minor. The other elements are either characteristic to the
soil (an area fingerprint) or handling contamination. For the earings
comparison with the nephrite pendants shows similar spectra and similar
values thus confirming the hypothesis that they are made out of
nephrite.

Although the beads have some elements from the other type of jade
(jadeite) they are missing an important element: Na. In the comparison
with the jadeite pendants (figure 9 right) we can see a significant
contribution from Na, that is characteristic for jadeite. But in the beads
Na is insignificant (less than 0.5 %) even though other jadeite elements
are found (like Al — see figure 9 left). But the elements that are
constituents of nephrite are all found with significant values. So the SEM-
EDS spectra have shown that even though the beads could have been
mistaken as jadeite they are in fact nephrite.

The penetration depth of the electron beam is around 4 um for jade
samples; jade is a homogeneous mineral. These discoveries made using
SEM-EDS give rise to questions regarding the nephrite's place of origin:
whether it was brought in the Balkan area from known jade deposits (and
if so from where) or there was a jade deposit in the Balkan area, now
exhausted.

The main goal was to demonstrate we have a device that can be used
with great success when analyzing archaeological samples. Through this
study of Neolithic adornments (earrings, beads, pendants) we can say we
have a powerful tool for studying such archaeological samples. Surely, on
some samples we can use just the SEM-EDS, but for other ones other
methods must be added: XRF, PIXE, ICPMS.

Further information

Other analysis that can emphasize how we can use the SEM-EDS system
we performed on a stainless steel sample coated with a thin layer of TiN.
This is important as Ti and N are very close on the X-ray spectrum. We
analyzed two different in thickness TiN samples. We were able to
observe a noticeable difference in TiN between the thick and the thin

one.
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Figure 11. Thick TiN layer deposited on Ti alloy substrate
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Figure 12. Thin TiN layer deposited on steel alloy substrate
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