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ABSTRACT

The calibration of Scanning Electron Microscopy coupled with Energy Dispersive X- Rays Spec-
trometry (SEM-EDS) for elemental quantitative analysis is an important task for characterization,
provenance and absolute dating purposes. In particular the potassium determination is an im-
portant contributor to dose rate assessments in luminescence and Electron Spin Resonance (ESR)
dating. Here a SEM-EDX is calibrated on different archaeological and geoarchaeological materials
against standard laboratory samples as well as measured by micro X-Rays Fluorescence (uXRF) and
flame atomic absorption spectroscopy (FAAS) techniques. A common linear relationship is obtained
for most elements and certain rock types used and two clear linear regressions for two types of
rocks; one for granite, diorite, microgranite and sediments and another ceramic sherds, soils, marble
schists, breccia. Such linear regressions become readily available for a future fast, efficient and accu-
rate way of potassium determination.
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INTRODUCTION

Archaeological materials (archaeo-materials
i.e. artefacts, monuments) are identified and
classified using scientific methods. These meth-
ods include physico-chemical analytical tech-
niques which provide a ‘chemical fingerprint’.
The chemical fingerprints include characteristic
(major, minor and trace) elemental composition
of an archaeological artefact and allow deter-
mination of the provenance of material by com-
parison with the chemical fingerprint of an ob-
ject of well documented (archaeologically, sty-
listically) origin. Such multi-analytical methods
have become a powerful tool in the characteri-
zation and comparison of pottery and other
rock types from an archaeological context. Of
these elemental abundances K, U, Th and Rb
are also useful for luminescence and ESR dating
purposes as prerequisite parameters in dose-
rate determination (Aitken, 1985; Liritzis et al.,
2010a).

Analytical techniques and data have been
published and a large amount of data on the
chemical composition of pottery has been pro-
duced over the past few decades (e.g. Jones,
1986; Pollard & Heron, 1996).

Theoretically this database, allows the clus-
tering and identification of newer finds of ce-
ramic artefacts. However, experience has
shown the importance of calibration of the em-
ployed instrumentation for the material type
analysed. For example, archaeomaterials exhibit
differences due to matrix effects that includes
grain size and composition, density, porosity,
effective atomic number, homogeneity, humidi-
ty. The impact of all these on calibration is en-
hanced with the different physical principles of
operation of the various applied techniques
(e.g. X-Ray Florescence (XRF), Flame Atomic
Absorption Spectroscopy (FAAS), Scanning
Electron Microscope (SEM) coupled with ener-
gy dispersive spectroscopy (EDS), Inductively
Coupled Plasma (ICP), Neutron Activation
analysis (NAA), Laser Induced Breakdown
Spectroscopy (LIBS), Optical Emission Spec-
troscopy (OES), to mention a few but major
ones) (Janssens & Van Grieken, editors, 2004)

Here we present a case study for calibrating
a SEM-EDS with various types of materials

measured by FAAS, uXRF and standard mate-
rials (Table 1) with emphasis on potassium (K)
determination, a useful element for the dating
by TL or OSL luminescence techniques. The
radioactive isotope K emits (3- and y-rays that
contribute a great amount in the total dose-rate
of materials (external and internal radiation)
dated by luminescence (Aitken, 1985). In par-
ticular, the “K contribution is a major issue of-
ten encountered in fieldwork or museum cases
of, a) low environmental gamma ray dose rate
(e.g. a calcareous material or calcareous forti-
fied walls, in surface dating of exposed materi-
als), b) feldspathic rocks (e.g. in granites, bas-
alts, gneiss), c) granites, with apparent mineral
inhomogeneity, d) samples with built up of sur-
rounded sedimentary layers made by diversi-
fied (non homogeneous) nature of chemical/
petrological composition (e.g. tsunami deposits,
cave deposits, sea sediments, whereas K may
vary a great deal with more impact on dose rate
than U, Th variation), e) authenticity testing of
museum objects where often no environmental
radiation is known and sample’s K is usually a
major dose rate emitter. An illustrative discus-
sion on the contribution of K to the total dose
and consequently to the age estimation of ar-
chaeological pottery following fine- and coarse-
grain luminescence dating can be found at
Zacharias et al. (2005).

In addition, the microdosimetry in dating
single aliquots of grains depends on the U, Th,
K, Rb distribution around the aliquot. Alt-
hough, the single aliquots average out such
non-smoothed mineral distributions as they are
collected from a larger than their size ar-
ea/volume of the sample, the possibility to get a
wide range of doses (and outliers), in particular
on rock surface dating and sun-bleached sedi-
ments, is possible. This is more pronounced in
single grain aliquots. In any case, the exact de-
termination of potassium values (as K20O% or
K%) is a major need and rapid and accurate
measurement are desirable. We present here a
simple way to determine potassium values with
a high precision employing the SEM facility at
the Institute of Materials Science, National Cen-
tre for Scientific Research “Demokritos” (Ath-
ens). This was calibrated on samples with dif-
ferent composition that were measured with
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other well calibrated techniques such as, flame
atomic absorption spectroscopy (FAAS), u-XRF
(were performed at Laboratory of Radiation
Applications and Archaeological Dating, De-
partment of Archaeometry and Physicochemi-
cal Measurements, CETI, Xanthi) using well

calibrated Standards (see Table 1). In addition
to K% some other oxides of elements with
atomic numbers ranging from 11-26 are pre-
sented, and for these appropriate calibration are
devised which can be used for future analytical
projects.

TABLE 1: Samples, type of materials, manufacturer and references

Sample Type

Provenance/Reference

Technique

G994 Threlkeld microgranite

GIT-IWG
(Thompson et al., 1996)

Standard (XRF, ICP — AES, INAA,
AAS, wet chemistry)

K20=2.91+0.09%

Si02=69.95+0.57%
MgO=1.036x0.015%
Ca0=1.34+0.02%

Na20=4.54+0.03%
Ti02=0.306+0.011%
Fe203=3.04+0.13%
Al205=14.53+0.19%

(@]8)1 Fine-grained grey-green
volcanic tuff
partially recrystallized.

GeoPT2
Thompson et al., 1998

(XRF, ICP - AES, INAA, AAS, wet
chemistry)

K20=0.215+0.002%

5i02=58.03+0.58%

Mg0O=4.69+0.14%

Ca0=6.23+0.44%

Na20=2.49+0.16%

Ti02=0.46+0.02%

Fe203=9.25+0.52%

Al203=14.98+0.42%

ou2 Belford dolerite

GeoPT4
(Thompson et al., 2000)

Standard (XRF, ICP — AES, INAA,
AAS, wet chemistry)
K20=0.95+0.09%
Si02=51.1+0.6%
MgO=5.72+0.14%
Ca0=8.24+0.20%
Na20=2.42+0.06%
Ti02=2.32+0.15%
Fe203=13.11+0.11%
Al205=14.26+0.42%

ou3 Nanhoron microgranite

GeoPTé.
(Thompson et al., 2000)

Standard (XRF, ICP - AES, INAA,
AAS, wet chemistry)

K20=4.581+0.17%

Si02=74.46+0.20%
MgO=0.017+0.006%
Ca0=0.204+0.003%
Na20=3,721+0.017%
Ti02=0.224+0.003%
Fe203=3.812+0.012%
Al203=12.99+0.03%

1G2

Granite

GSJ
(Potts et al., 1992; Korotev,
1996)

Standard (XRF, ICP - AES, INAA,
AAS, wet chemistry)
K20=4.72+0.20%
§i02=76.95+0.20%
MgO=0.04+0.0007%
Ca0=0.80+0.015%
Na20=3.55+0.018%
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Ti02=0.04+0.006%
Fe205=0.36+0.004%
Al203=12.41+0.05%
JG3 Granodiorite GSJ Standard (XRF, ICP — AES, INAA,
(Potts et al., 1992; Korotev, AAS, wet chemistry)
1996) Ko0=2.63+0.1%
5102=67.10+0.30%
MgO=1.79+0.02%
Ca0=3.76x0.05%
Na20=4.03+0.03%
Ti02=0.48+0.007%
Fe203=1.61+0.09%
AlOs=15.52+0.08%
AC-E Microgranite GIT-IWG Standard (XRF, ICP — AES, INAA,
(Potts et al., 1992; Korotev, AAS, wet chemistry)
1996) K20=4.49+0.02%
5102=70.35+0.07%
Mg0=0.03+0.01%
Ca0=0.3420.02%
Na20=6.54+0.04%
Fe203=1.34+0.06%
Al205=14.7+0.05%
RHO-877 Brecciated Sediment From the archaeological FAAS
excavation site at Cheiming- Ko0=2.31+£0.1%
Stottham
(Liritzis et al., 2010b)
RHO-1015 Soil Chieming-Stottham: Soil from FAAS
impact layer (Liritzis et al., K20=1.78+ 0.08%
2010b)
RHO-886 Fractured cobbles Chieming-Stotthan impact FAAS
layer: shock effects? (Liritzis et K20=0.001+ 0.0001%
al 2010b)
KAPS4 Marble schist Styra region FAAS
Liritzis et al., 2010a K20=0.089+ 0.04%
1/LP4 Marble schist Styra region FAAS
Liritzis et al., 2010a K20=0.313+0.015%
3/LP3A Marble schist Styra region FAAS
Liritzis et al., 2010a K20=0.36+0.015%
P1 Schist Styra region FAAS
Liritzis et al., 2010a K20=0.577+0.026%
P2 Schist Styra region FAAS
Liritzis et al., 2010a Ko0=0.479+0.022%
Bonn Ce- Ceramic University Bonn
ramic Arcl.1aeolog1cal Science Group, NAA, XRE
standard Institut fur Stahlen- und Kern-
. . . K20=1.33+0.39%
physik, University Bonn, Nus-
sallee 14-16, D-53113 Bonn
5-3 M3 soil Soil Chieming- Stottham excavated
section, Germany (Liritzis et UXRE
al., 2010b) K20=0.96+0.10%
5-3 M4 Soil Chieming-Stottham
Excavated section, Germany EXRF
(Liritzis et al., 2010b) KeO=1.113:0.042%
5-3 M4 Soil Chieming- Stottham excavated LXRE
(surrounded section, German o
soil) (Liritzis et al., 201gb) Ke0=0.770:0.014%
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5-4 M Br Brecciated sediment Chieming- Stottham, Germany
(Liritzis et al., 2010b) HXRE
M K20=0.857+0.015%
5-2 fBv Loam Chieming- Stottham, Germany LXRE
(Liritzis et al., 2010b) KaO=1.41740.084%
RHO-878 Soil (I\Ii[.a?tw?ngt, Glegrglaégf) LXRE
rzis et al, K20=0.920+0.060%
5-3 M5 Soil Chieming-Stottham, Germany FAAS
(Liritzis et al., 2010b) 1.755+0.08%
Nos. 16, 23, Ancient ceramic sherds c/o CETI, Xanthi FAAS
34, 35 16) K20=1.203+0.06%
23) K20=1.936+0.08%
34) K20=1.427+0.07%
35) K20=1.278+0.06%

2. INSTRUMENTATION & SAMPLES
SEM-EDX

Energy-dispersive X-ray spectroscopy (EDS
or EDX) is an analytical technique used for the
elemental analysis or chemical characterization
of a sample. It is one of the variants of X-ray
fluorescence spectroscopy which relies on the
investigation of a sample through interactions
between electromagnetic radiation and matter,
analyzing the X-rays emitted by the matter in
response to being hit with charged particles.
The difference with uXRF is the different excit-
ing agents; electrons in SEM and primary X-
Rays in XRF. Scanning Electron Microscopy
(SEM) coupled with energy dispersive X ray
spectrometry (EDX) analysis (Philips FEI-
Quanta INSPECT with SUTW (super ultra-thin
window) detector and coupled with EDS
PV7760) was used. Quantitative analysis used
software EDS-Genesis with errors computed via
ZAF correction. ZAF - for atomic number Z,
Absorption A and Flourescence for F - uses
fundamental factors to correct for the effects of
atomic number, absorption and fluorescence.
Analyses were performed at 25 keV with 35°
take-off angle. More reliable analyses are these
for elements contained in concentrations >0.1%.
An error of around 5 to 10% is accounted, for
the major elements. Samples for SEM were
grounded down to powder with grain size 50 -
100 pm pressed (90-120 bars) to a cylindrical
shape (pellets) of size 8 mm diameter and 1 mm
thickness, carbonized and measured.

AAS

In AAS measurements the flame atomization
mode was selected for K determination, a Per-
kin Elmer (USA) instrumentation, model Ana-
lyst 800 atomic absorption spectrophotometer
was used. The dissolution of the samples was
achieved using a model CEM (USA) model
MARS5 microwave digestion oven. Typically, a
few grams of sample was grounded using an
agate mortar and dried for 2h at 102°C in labor-
atory furnace (Lindberg/Blue, model BF 51866C,
USA). Of this, 0.25gr of each sample were accu-
rately weighted and mixed with 6.3ml 48% HF
(Panreac) and 6.3ml HNOs 65% (Merck) in suit-
able teflon vessels and optimized pres-
sure/temperature program in the microwave
oven was run with following settings.

Max Power Ramp Pressure Temperature Hold
Voage (%) tme O tme

W) (onin) (onin)

600 & 30 150 210 15

After the dissolution the samples were dilut-
ed to a final volume of 100ml and analyzed us-
ing FAAS. The reagents used were of analytical
grade of purity. A standard reference solution
(1000 ppm K) was used for the construction of
the calibration curves was purchased from Per-
kin Elmer (USA).

#-XRF

A few grams of each sample was carefully
grounded and dried for 2h at 102°C in laborato-
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ry furnace. After drying, 5.00gm of each sample
was thoroughly mixed with a binder (cellulose)
using a ratio 4:1 (1.25gm of binder). Finally the
mixture sample/binder was pressed in a 32mm
mould under a pressure of 12t using a manual
hydraulic press (Specac, UK), creating the sam-
ple tablets ready for analysis. The standard ref-
erence material SARM69 (MIntek, Republic of
South Africa). Was used for the quantification
of the results. A state-of-the-art compact micro
X-Ray Fluorescence spectrometer was used for
the XRF measurements.

This instrument comprises a side-window X-
ray tube with Mo anode (Series 5011 XTF, Ox-
ford Instruments) with maximum voltage and
current of 50 kV and 1 mA respectively, togeth-
er with a solid state Si(Li) Peltier-cooled X-Ray
detector (8 um Be window, 3.5 mm? active area,
300 pm nominal thickness and resolution 149-
166 eV at the Mn Ka energy).

A long distance optical microscope was used
to locate the focal spot on the sample surface.
The nominal beam diameter is <150 um at the
position of the sample and the X-ray optics in-
clude a straight monocapillary lens. The samples
were placed on a rotating holder mounted on a
motorized XYZ stage (NewPort PRL-12 with 0.1
mm step size, travel distance of 5 cm in the X-, Y-
direction and 2.5 cm in the Z-direction). Geome-
try of 48°/42° (excitation / detection) was used
while the relative angle between the X-ray tube

and the detector is fixed at 90°.

The operating conditions during the micro-
XRF measurements were 35kV applied poten-
tial, 0.9mA current and 5min spectrum acquisi-
tion in real time. Three micro-XRF measure-
ments were performed in a non-destructive
way in a point scan mode on several points on
the sample tablet. For spectra interpretation and
data quantification, a customized software
(WinAxil, Canberra, BENELUX) was used. This
instrument has the advantage of point analysis
on the surface though other portable XRF may
detect an area of 25 mm on the surface which is
more representative.

This is however at the expense of the side ef-
fects of the aperture. The latter has been inves-
tigated by one of us (IL) to measure K and other
elements devising experimental design for de-
pendence of accuracy on grain size, sample

thickness and Z! (Liritzis, 2007; Liritzis and
Zacharias, 2011). These authors have found that
the dependence of K concentration as a function
of percentage coverage of PXRF aperture for
four positions for the Spectrace 9000 TN is con-
siderable. Thus, for 100% to about 25% coverage
elemental K concentration varies by a about x9
fold factor. At any rate, sample mineralogy
(grain size and grain distribution), but also the
percentage covering of analyzer window with
solid flat artifacts, as well as, correction factors
has to be taken into account in window types
XRF detectors as shown in Liritzis and Zachari-
as (2011).

The samples are given in Table 1. Standard
samples with nominal values are taken from
Potts et al., 1992 and references therein.

3. MEASUREMENTS

Three measurements for respective element
oxides were taken for each sample by SEM and
their average along with the standard deviation
is plotted in bi-plots against the known values
from the other techniques. Two linear covari-
ances are apparent and those and some disper-
sions are discussed below. They were measured
for K and oxides of Na, Mg, Al, Si, Ca, Ti, Fe.

For potassium (K) (Fig. 1), two distinct linear
curves, corresponding to two group of samples
with both having a satisfactory statistical R-
squared significance, the following can be seen:
Group A consists of samples that include mar-
ble schists (from archaeological monuments),
the majority of the sediments, soil samples and
ceramics; Group B consists of granitic samples,
diorites, a Bonn ceramic standard and a few
sediments. The formation of two trends should
be attributed to two reasons: the highly caclitic
nature of Group A samples in contrast to
Group B samples and the longer range of values
for Group B in relation to Group A. Both groups
were measured for K, while the other element
oxides were available from only the one group,
The following plots were obtained: For Calcium

! Initial readings for this were taken by assistants in the
Lab. of Archaeometry, Rhodes, under supervision, ex-
perimental design and interpretation of IL and then
after 2 years in 2007 by IL and technician Dr A. Vafi-
adou.
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(Fig. 2a) a linear fit is apparent for all standards.
For Iron (Fig. 2b) a similar to Ca linear fit is ob-
tained which within the errors and the number
of samples care a ratio 1:1.

For Magnesium (Fig. 2c) the linear fit is dis-
turbed for OU1 and CAL-S (pure CaCOs 39.64
% calcite). For Silicon (Fig. 2d-1, d-2) a linear fit
with a little dispersion is obtained the data
shown in two scales, for Aluminium (Fig. 2e) a
linear fit for all with little dispersion, for Sodium
(Fig. 2f) a linear fit with some dispersion for
AC-E and Bonn, and for the Titanium (Fig. 2g) a
linear fit is obtained with large error bars for
OU2 and the Bonn ceramic clay.

Wi%
5,; 4 GROUPA GROUFP B
504 Y=16%+0.51 y2=0‘92 x+0.32 : ou3
R*=0.967 R"=0.992
4.5 ' AC-Eg-® JG-2
40+ RHO-877
35 RHO-1015 / Go4 -7
= L | - g s
& 304 5-3 M4 23 r"’
@ = .- JG-3
o 257 i -
] FaMBer w5-2 fBr
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K,O STD (Standard)

Fig. 1 Potassium. K20 by SEM versus K20 by other
techniques. Standard in abscissa refer to the measured
elements by FAAS and uXRF and by the quoted refer-

ence sources. Error bars shown, in other cases are
within the point symbol (see, Table 1).
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4. DISCUSSION & CONCLUSION

The use of SEM-EDX for elemental analysis on
a provided standard material, usually accompa-
nying the equipment, is not a safe guide. Some of
the standards chosen for routine electron micro-
probe analysis are not optimal for routine anal-
yses of different types of rocks (e.g. silicates, met-
als, oxides). Metal standards will need large dead-
time and atomic number corrections that would
be minimized with oxide or silicate standards.

The importance of using standards with sim-
ilar compositions to unknowns to minimize the
still approximate ZAF corrections is vital. For
example, the use of pyrite as a standard for S in
analysis of sulfates or sulfate-bearing silicates
will produce large systematic errors caused by
significant characteristic wavelength shifts due
to bonding differences between sulfides and
sulfates (Goldstein et al., 2003).

A more specific calibration should be made.
Here, for a wide spectrum of materials type we
have shown that the calibration of SEM pro-
vides a linear fit for K20, SiO2, TiO2, Fe20:s,
Na20, Al203, MgO and CaO. (Potts, 1987)

The granites and diorites and some sediments
follow a different calibration curve in compari-
son with other types of materials (soils, ceramic,
schists, marble schists). At a first glance it is ob-
served that volcanic origin materials have a dif-
ferent behavior, that implies mineralogy plays a
major role in SEM counting techniques for ele-
mental composition. Here the effective-Z of
measured materials, as well as, other phenomena
affect X-ray escape and recording, as discussed
below to explain the different linear curve for the
analyzed material types. Indeed, the accuracy of
an X-Ray EDS spectrum is determined by many
factors such as detector windows that may ab-
sorb low-energy X-rays; over-voltage settings
that may shift (observed two sided expansion)
the spectrum to the larger energies making high-
er-energy peaks larger and lower-energy peaks
smaller; overlapping peaks; the nature of the
sample - produced X-rays may not all escape the
sample and this in turn depends on the energy of
the X-ray and the amount and density of materi-
al it has to pass through. These, can result in re-
duced accuracy in inhomogeneous and rough
samples.

In SEM-EDS the ZAF factors are a function
of composition of samples. The quality of anal-
yses performed depends on the quality of sam-
ple preparation, character of the sample materi-
al, and availability of appropriate primary and
secondary calibration standards for the desired
elements. The atomic number effect controls the
amount of incident energy from the electron
beam that is actually put into the sample. This
effect consists of two components: backscatter-
ing and electron-stopping power (or retarda-
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tion). Both are a function of average Z and, to a
lesser degree, the accelerating voltage.

Backscattered electrons leave the sample car-
rying energy without producing X-rays. The
fraction of electrons backscattered from the
sample, nv, ranges from about 0.12 for Al to 0.55
for U. At lower Z, more electrons stay within
the sample to produce X-rays. The backscatter
correction factor, Fi, reflects the X-ray intensity
lost due to backscattering and is expressed as a
fraction (r) relative to the intensity that would
be produced with no backscattering.

Calibration curves constructed here relate X-
ray counts and element concentration. Howev-
er, such curves require a large number of well-
characterized standards with compositions that
bracket the unknowns. In wet chemical analy-
sis, such as atomic absorption spectroscopy
(AAS), it is relatively easy to make solutions
with the appropriate concentrations.

In contrast, production of standards for mi-
croprobe analysis is far more difficult, requiring
apparatus to produce homogeneous glasses. In
both cases, however, the data used to construct
a curve must be taken at identical operating
conditions (take-off angle, accelerating voltage
and beam current) as will be used during anal-
ysis. For geological applications and geoarchae-
ological materials, calibration curves must be
constructed for each mineral group. In cases
that the unknowns approximate the standards
in compositions, matrix corrections are unnec-
essary. The requirement of a great number of
standards is especially difficult to satisfy espe-
cially with the accuracy required. In addition,
this technique does not allow confident analysis
of a truly unknown material. That is why we
investigated the calibration with a variety of
archaeological and geoarchaeological materials.

In X-rays from SEM, however, matrix effects
due to absorption and fluorescence of X-rays
within the sample and atomic number effects
are significant. ZAF is not very good for ele-
ments with X-ray energies less than 1 keV be-
cause of a lack of knowledge of the factors dis-
cussed below. For these elements it is best to
use a standard of similar composition to mini-
mize matrix effects.

The atomic number effect controls the amount
of incident energy from the electron beam that is

actually put into the sample. This effect consists of
two components: backscattering and electron-
stopping power (or retardation). Both are a func-
tion of average Z and, to a lesser degree, the ac-
celerating voltage (see http://www. microbeama-
nalysis.org/topical-conferences/particles-
2009/PTC2009_ Armstrong.pdf)

Since X-rays (in SEM or for the uXRF) are
generated below the surface of the sample, the
emergent radiation suffers absorption prior to
detection. The absorption correction is a func-
tion of the take-off angle (length of path trav-
ersed by the X-rays), the distribution of X-ray
generation, the wavelength of the emergent X-
ray and the elements present. As the take-off
angle increases, the intensity of characteristic
radiation decreases due to an increase in path
length. Less energetic X-rays are more easily
absorbed. Absorption can also be strongly af-
fected by surface irregularities -- a good sample
polish is thus critical. Most X-rays are generated
at relatively shallow depths within the excita-
tion volume and relatively close to the beam
axis, because it is in this region that electron
energies are greatly attenuated by ionization or
electron scattering. Several models have been
used to describe the depth distribution of X-ray
generation.

The fluorescent yield increases rapidly with
increasing atomic number and fluorescence factor
Fr is negligible for K-lines of elements below
atomic number 20. In silicates and oxides, absorp-
tion dominates and fluorescent enhancement is
rarely greater than a few percent. Thus, the Z ef-
fects (backscattering factor, retardation of the elec-
trons, and effective ionization cross-section) are a
matter of proper modeling correction and other
correction models may produce a better determi-
nation especially of the absorption effects.

Occasionally uXRF also did not provide val-
ues comparable to the apparent linear fit with
SEM or FAAS, This was due to small area that
was analyzed, by the focused X ray beam, and
partly to the single standard used for the quan-
tification of all different material types. It is
thus, recommended that in such cases, several
points on the sample surface be analyzed to get
average values. FAAS values are more repre-
sentative as the method averages out the oxide
distribution due to the complete dissolution
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and flame atomization. In cases of homogene-
ous samples (e.g. loam, thin soil layer etc.) the
measurement is more representative.

The obtained bi-plots are useful calibration
curves for measuring accurately potassium (and
some other oxides) values, which are important

in dating of materials particularly by employing
the luminescence techniques (TL, OSL) where
multi-elemental/multi-phase natural materials
(e.g. breccias of tectonic genesis) or even man-
made composite means (e.g. plasters) are sub-
ject to absolute dating.
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