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Different methods used in heavy mineral studies of soil samples were evaluated in
accordance with mineralogical research of Lithuanian soil.

The main requirement of quantitative mineralogical analysis is precision, which mostly
depends on the number of grains counted. Change of the physical properties of minerals
during their reworking both in Quaternary and older sediments, the mechanical commi-
nution during glacial transportation and postglacial weathering, soil formation processes
and diversity of the chemical composition of some mineral species predetermine that light
microscopy alone is insufficient to identify all mineral species, moreover, it is a time-
-consuming method for quantification of all mineral distribution.

Scanning electron microscopy is the most frequently used auxiliary technique for mineral
identification. It is distinguished by several notable advantages such as high resolution,
depth-of-field and microanalysis, enabling a quick mineral identification according to
their spectra and adequate chemical composition.

Assemblages, distribution and chemical composition of discrete grains can be used for
different purposes including determination of mineral provenance, tracing transport paths
of soil-forming sediments, mapping soil layers of different origin, outlining areas of dis-
tribution of various soil types and explaining the origin of clastic geochemical anomalies
in soil.
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INTRODUCTION

many publications have considered the role of soil
heavy minerals in different aspects. The mineralogy

Heavy mineral fractions separated from soil samples
are often represented by various mineral species.
Their assemblages, distribution and the chemical
composition of discrete grains can be used for dif-
ferent purposes such as determination of mineral
provenance, tracing transport paths of soil-forming
sediments, mapping soil layers of different origin,
outlining areas of distribution of various soil types
and explaining the origin of clastic geochemical ano-
malies in soil.

Mineralogical studies of heavy minerals in soil
began in the middle of the 20th century. Since then

of bulk samples from soil (horizons E and B) and
till (horizon C) has been used for studying the
podzolization effect expressed with respect to chan-
ges in hornblende, biotite, K-feldspar, quartz, mus-
covite_and plagioclase contents (Melkerud et al,
2000). Mineralogical studies of soil developed on a
Pb-mineralized sandstone in France revealed preci-
pitation of Pb as plumbogummite, which was consi-
dered as the main speciation form of Pb in this
area (Morin et al., 2001). As soil minerals are one
of the sources for nutrients, their weathering pro-
cesses in soils have been intensively studied. Some



2 Olga Vareikiené, Marja Lehtonen

minerals distinguished by low stability in conditions
of acidic weathering have been used for the diag-
nostics of acidic leaching resulting in the depletion
of these minerals (Morton, 1986). The order of hea-
vy mineral stability in till was set by Lang (2000)
who studied_mineral weathering under acidic soil
conditions. Accumulation of certain elements in
<0.1 mm Lithuanian soil (horizon A)) analyzed by
chemical methods was resolved by studying primary
heavy minerals in the corresponding soil fraction
(Vareikien¢ et al., 2003). The host minerals for the
selected elements were determined and quantified,
and the accumulation of these elements was ex-
plained by their high contents in carrier phases.
The aim of this the current investigation was to
evaluate the methods used in the study of heavy mi-
nerals as part of research related to explaining the
origin of geochemical anomalies in Lithuanian soil
(horizon A ). Therefore, it is important to discuss the
mineralogical methods applied to the study of heavy
minerals from soil samples, evaluating their advanta-
ges and limitations. Such analysis could be a valuable
practice for applying the discussed methods for a mi-
neralogical analysis of differently originated samples
(glacial sediments, marine bottom sediments).

MATERIAL

The soil samples studied were taken from the A
horizon (5-15 cm depth). The upper A, horizon
of soil enriched in organic matter was mechani-
cally removed before sampling; all coarse organic
particles were removed by hand during sampling.

The samples were dried and dry-sieved to 2 mm
fraction. During pre-treatment, hydrogen peroxide
at concentrations gradually increasing from 3 to
30% were used to destroy the rest part of orga-
nic matter in the sieved soil samples. After pre-
treatment, inorganic matter was dry-sieved and
fractions 0.5-0.25, 0.25-0.1 and <0.1 mm were
chosen for further mineralogical investigation. For
grain size fractions >0.1 mm, heavy liquid with a
density (d) 3 g/cm® was used, and slightly diluted
bromoform (d 2.78 g/cm?®) was chosen to separate
the fine fractions. Polished thin sections of grain
size fractions 0.5-0.25, 0.25-0.1. <0.1 mm were
prepared on glass plates by mounting the mineral
grains in Epofix resin.

MINERALOGICAL TECHNIQUES

The precision of heavy mineral analysis greatly de-
pends on the number of grains counted on a mic-
roscope slide or a thin section. As far back as 1931,
Dryden illustrated graphically the reliability of hea-
vy mineral data in relation to the number of coun-
ted grains and observed a rapid increase in the ac-
curacy when the counts exceeded 300 (Dryden,
1931).

When counting not only main but also rare mine-
ral species, it is usually necessary to identify a bigger
amount of minerals. The study of heavy mineral sepa-
rates from the anomalies in Lithuanian soil showed
that some rare mineral species (xenotime, chromite,
pyrite, monazite) were encountered only when more
than 1500 grains were identified (Table 1).

Table 1. Results of grain counting of heavy minerals (density (d) >3 g/cm?® from Lithuanian soil samples
using scanning electron microscope (SEM) equipped with energy dispersive spectrometer (EDS)
1 lentele¢. Lietuvos dirvozemio méginiy sunkiyju mineraly (d >3 g/cm®) paplitimo analizés rezultatai panau-
dojus elektronini skenuojantj mikroskopa (SEM), sujungta su rentgenospektrometru (EDS)
Mineral gu;;irs nurfg:)aelr* Fraction Location of soil sample
Chromite 1 1707 0.25-0.1 Middle Lithuanian plain (near Kédainiai town)
Kyanite 4 1707 0.25-0.1 Middle Lithuanian plain (near Keédainiai town)
Pyrite 1 1534 0.25-0.1 Miusa-Nemunelis glaciolacustrine basin
Xenotime 1 1534 0.25-0.1 Miusa-Nemunelis glaciolacustrine basin
Tourmaline 2 1828 0.25-0.1 Asmena highland (preconcentrated heavy mineral separate)
Xenotime 2 1828 0.25-0.1 AsSmena highland (preconcentrated heavy mineral separate)
Chromite 3 1828 0.25-0.1 ASmena highland (preconcentrated heavy mineral separate)
Kyanite 3 1828 0.25-0.1 ASmena highland (preconcentrated heavy mineral separate)
Chromite 4 2208 <0.1 mm Miusa-Nemunelis glaciolacustrine basin
Staurolite 3 2208 <0.1 mm Miusa-Nemunelis glaciolacustrine basin
Pyrite 1 2208 <0.1 mm Miusa-Nemunelis glaciolacustrine basin
Xenotime 1 2208 <0.1 mm Miisa-Nemunélis glaciolacustrine basin
*Total number of mineral grains indentified in thin sections of heavy mineral separates.
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Therefore, the requirement of precision has to
be considered carefully when choosing an approp-
riate mineralogical method to quantify heavy mine-
ral distribution.

Light microscopy. Widely used for mineralogical
investigations, the binocular stereomicroscope can-
be applied to mineral identification in soil samples
only cautiously to avoid misinterpretation of further
results. Using this technique, the main difficulty lies
in a reliable identification of minerals because of
their physical properties changed due to many fac-
tors including the reworking effect in Quaternary
and older sediments, mechanical comminution dur-
ing glacial transport, postglacial weathering and soil
formation processes. When working with the ste-
reomicroscope, soil minerals usually need an addi-
tional treatment to liberate the grains from adhe-
ring clays or iron oxide coatings. The removal of
the latter involves chemical reagents affecting some
minerals groups.

Polished thin sections of heavy minerals mounted
in Epofix resin can be studied more precisely under
a polarizing microscope. However, in spite of the
improved capacity of identification of soil minerals,
problems with their reliable identification cannot be
avoided. The changed physical properties and the
chemical complexity of some minerals imply that op-
tical observations alone are inadequate to recognize
particular species, and for better identification other
mineralogical analyses are needed. The above-men-
tioned optical methods are widely used for mineral
identification, but they are too time-consuming for
the quantification of mineral distribution, especially
when not only major but also rare heavy accesso-
ries should be identified and counted.

Over the recent years, additional advanced tech-
niques have been employed in heavy mineral rese-
arch. These new techniques provide information both
on the chemical composition and structural-textural
characteristics and thus considerably increase the ac-
curacy of heavy mineral analyses, permitting more
confident interpretations.

Scanning electron microscope (SEM) is probably the
most frequently used auxiliary instrument in heavy mi-
neral studies. The SEM has several notable advanta-
ges such as high resolution (1 nm at magnifications of
up to 1 million times), depth-of-field (characterizing
the extent to which the image resolution degrades with
distance above or below the best focus plane), and
microanalysis (the ability to analyze sample composi-
tion).

SEM has been used, for example, to identify mi-
nerals, to map element distributions in specimens,
to determine mineral phases causing anomalies in
heavy-mineral samples, as well as to examine their
surface textures and to distinguish their shape (To-

vey and Krinsley, 1991; Protz et al., 1992; Krinsley
et al., 1998).

A modern SEM is usually equipped with an ener-
gy-dispersive X-ray spectrometer (EDS), which enables
an elemental analysis and thus allows a quick mineral
identification. Robson (1982) described a compute-
rized SEM-EDS technique identifying and counting
the constituents including heavy minerals of unconso-
lidated marine sediments. Knight and others (2002)
characterized grain mineralogy and quantified mine-
ral abundances using computer-based image analysis
protocols and combinations of EDS element images.

With EDS, the emitted X-ray radiations are mea-
sured on the basis of their energies. Characteristic
X-rays collected by the X-ray spectrometer are count-
ed, sorted and plotted as a graphical spectrum in which
peaks correspond to elements present in the mineral.
The abundance of elements and the intensity of their
peaks are used as the main source for mineral iden-
tification (Fig. 1). For instance, a high peak of Ti to-
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Fig. 1. SEM-EDS spectra of some heavy minerals with
corresponding chemical compositions

1 pav. Atskiry sunkiyjy mineraly spektrai su atitinkama
chemine sudétimi panaudojus elektroninj skenuojantj mik-
roskopa, sujungta su rentgenospektrometru
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gether with a very low content
(or complete absence) of Fe is
characteristic of rutile (Fig. 1a).
A high peak of Cr and conside-
rably lower peaks of Fe, Mg and
Al are diagnostic for chromite
(Fig. 1b), while identifying gar-
nets not only the intensity of ele-
ment peaks but also combina-
tions of their contents are es-

sential for mineral identification
(Fig. 1c).

SEM-EDS analysis can be
applied to discrete mineral
grains or to polished thin sec-
tions. The analysis is reliable on-
ly for major elements in a mi-
neral, i.e. with concentrations
higher than 1%, but usually that

Fig. 2. Back-scattered images of he-
avy minerals for their identification
by means of SEM equipped with
EDS: a - fraction 0.5-0.25 mm, b -
fraction 0.25-0.1 mm, ¢ - fraction
<0.1 mm

2 pav. Pirminiy iSsklaidyty elektrony
atvaizdai SEM-EDS analizei: a — 0,5-
0,25 mm frakcija, b — 0,25-0,1 mm
frakcija, ¢ — <0,1 mm frakcija

is enough for mineral identifi-
cation. All major components in
a mineral are measured simultaneously. SEM-EDS
can be used also in compiling distribution maps of
selected elements in a specimen by analyzing the whole
field of view instead of making single point analyses.

Polished thin sections are best suited for quan-
tification of mineral distribution, because they can
be studied repeatedly. Specific areas or mineral
grains in a sample can be re-imaged and re-ana-
lyzed if needed, and the same preparations are sui-
table for other instruments such as optical micros-
cope and microanalyzer.

SEM-EDS ANALYSIS OF MINERALS FROM
LITHUANIAN SOIL SAMPLES

Samples from Lithuanian geochemical soil anomalies
were studied using a back-scattered electron image
(BEI) analysis by SEM JEOL-5900LV with LINK
EDS Oxford Instruments. A semiquantative minera-
logical analysis was performed on polished thin sec-
tions prepared from a heavy mineral (d > 3 g/cm?)
of the soil samples. More than 1500 mineral grains
were identified and counted from each thin section
to get reliable results. Back-scattered images were
taken systematically in order to cover equally all
parts of a thin section and to ensure representati-
veness of the results. According to grain size and
technical parameters required for high quality ima-
ges, 10-15 to 80-100 heavy mineral grains were iden-
tified and counted in every image taken from a thin
section (Fig. 2).

A contrast in back-scattered images (BEI) is de-
rived primarily from point-to-point differences in the
average atomic number of elements in the mineral.
Although BE images are not always easy to inter-

pret, they can be useful evaluating volume propor-
tions of separate minerals phases in a mixed grain,
based on the different brightness of the minerals.
The visually distinguished mineral phases can be
then confirmed by EDS analysis (Fig. 3).

[ Quari: o

Fig. 3. Back-scattered images for counting minerals ac-
cording to their volumes in mixed grains

3 pav. Pirminiy i$sklaidyty elektrony atvaizdy panaudoji-
mas kiekybinei mineraly paplitimo analizei jy saaugose

In Lithuanian soil samples, the phase comprising
more than 50 vol. % of mixed grain was chosen as
the main mineral phase (Fig. 3b). In case of almost
equal areal distribution of different minerals in a
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bigger aggregate, both phases were counted as sepa-
rate minerals. Usually aggregates consisting of more
than two mineral phases were not frequent. Using
this approach for determining the relative abundan-
ce of different heavy minerals in a sample expressed
as volume per cent, the precision of the results was
increased.

When identifying minerals by SEM-EDS, it must
be borne in mind that the “sinking effect” of heavy
minerals occurring in thin sections can be an abs-
tacle in a reliable identification of flaky and strong-
ly weathered mineral grains. Also, distortion of re-
sults because of a wide grain size variation cannot
be avoided when studying the distribution of heavy
minerals by SEM-EDS. This negative effect can be
minimized by limiting grain size.

CONCLUSIONS

The precision of the quantitative mineralogical ana-
lysis mostly depends on the number of identified
grains, because the study of heavy mineral separa-
tes from anomalies in Lithuanian soil showed that
some rare species (xenotime, chromite, pyrite, mo-
nazite) were encountered only when more than 1500
mineral grains were identified.

Change of the physical properties of minerals
during their reworking both in the Quaternary and
older sediments, mechanical comminution during gla-
cial transportation and postglacial weathering, soil
formation processes and the diversity of the chemi-
cal composition of some mineral species predeter-
mine that light microscopy alone is insufficient to
identify all mineral species, moreover, it is a time-
consuming method for quantification of mineral di-
stribution. Scanning electron microscope is the most
frequently used auxiliary technique for mineral iden-
tification, distinguished by several notable advanta-
ges such as high resolution, depth-of-field and micro-
analysis. Modern SEMs are usually equipped with
an energy-dispersive X-ray spectrometer (EDS) for
elemental analysis, enabling quick mineral identifi-
cation according to their spectra and adequate che-
mical composition.

Applying SEM-EDS for mineralogical investiga-
tion, the proportions of different minerals in a mixed
grain can be evaluated, based on the contrast in
backscattered images and the EDS data. Using such
an approach in assessing the relative abundance of
different heavy minerals expressed as volume per-
centage, the precision of the results can be increased.

The “sinking effect” of heavy minerals on thin
sections usually causes some difficulties in reliable
identification of flaky and strongly weathered mine-
ral grains. The distortion caused by variability of
grain size could not be avoided when studying the

mineral distribution by SEM-EDS. Such an effect
can be minimized by limiting the grain size of he-
avy minerals.
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SUNKIEJI MINERALAI DIRVOZEMIO TYRIMUOSE:
MINERALOGINIAI METODAI, JU PRIVALUMAI BEI
TRUKUMAI

Santrauka

Dirvozemio sunkiyjy mineraly griudeliy kiekybinio pasi-
skirstymo analizés rezultatai placiai naudojami dirvozemio
tyrimuose: nustatant dirvodariniy nuoguly kilme, karto-
grafuojant skirtingy dirvoZemio tipy paplitima plote, iden-
tifikuojant atskirus dirvozemio sluoksnius, aiSkinant geo-
cheminiy anomalijy dirvoZemiuose kilme. Pasiskirstymo
analizés patikimumas priklauso nuo identifikuoty minera-
Iy grideliy skaiciaus. Sunkiyjy mineraly, iSskirty i§ gam-
tiniy geocheminiy anomalijy Lietuvos dirvoZzemiuose, kie-
kybiné mineraloginé analizé rodo, kad kai kurie mineralai
(ksenotimas, chromitas, piritas, monacitas) buvo identifi-
kuoti tik suskaiCiavus daugiau nei 1500 mineraly griideliy
(1 lentele). Taigi analizés patikimumas yra vienas i§ kri-
terijy pasirenkant mineraloginj metoda.

Ikikvarteriniy bei kvarteriniy nuosédy perklostymas, uo-
lieny mechaninis smulkinimas ledynams keliaujant, pole-
dyninis daléjimas, dirvodaros procesai nulémeé atskiry mi-
neraly fizines savybes. D¢l ju poky¢€iy, taip pat mineraly
cheminés sudéties jvairoves nepakanka placiai taikomy mi-
neraloginiuose tyrimuose Sviesos mikroskopiniy metody (bi-
nokuliarinis ir poliarizacinis mikroskopai), siekiant tikslios
mineraly identifikacijos kiekybiniam mineraly pasiskirsty-
mui jvertinti. Be to, minéti metodai reikalauja ilgesnés
analizés.

Tikslesniam mineraly nustatymui gali biti taikomi kiti
mineraloginés analizés metodai, teikiantys informacija tiek
apie mineraly cheming sudéti, tiek ir apie jy struktiri-
nius-tekstiirinius ypatumus. Skenuojantis elektroninis mik-
roskopas (SEM) — vienas dazniausiai naudojamy pagalbi-
niy instrumenty tiriant sunkiuosius mineralus, nes jis iSsi-
skiria auksta skiriamaja geba bei dideliu regéjimo lauko
gyliu. Siuolaikiniame SEM dazniausiai jrengtas dispersinis
rentgeno spinduliy spektrometras (EDS), palengvinantis
elementing analize ir taip pagreitinantis mineraly identi-
fikavima pagal ju spektrus. Pastaruosiuose pikai atitinka
minerala sudarancius elementus, kuriy koncentracija virsi-
ja 1%. Elementy pikai bei jy intensyvumas yra pagrindi-
niai mineraly atpazinimo rodikliai (1 pav. a, b, c¢). Kieky-
biniam mineraly pasiskirstymui jvertinti su SEM ypac tin-
ka poliruoti §lifai, nes juose galima pakartotinai analizuo-
ti mineralus bei panaudoti §lifa analizei su kitais mikro-
skopais.

Tiriant geocheminiy anomalijy méginius i§ Lietuvos
dirvoZzemiy, sunkiyjy mineraly (tankis > 3 g/cm?®) minera-
loginé analizé poliruotuose Slifuose buvo atliekama su
SEM-EDS, analizuojant pirminiy iSsklaidyty elektrony
(BE) atvaizdus. Kiekviename S§life buvo identifikuota bei
suskaiciuota daugiau nei 1500 mineraly griideliy. Verti-
nant mineraly pasiskirstyma S$life kaip homogeniSka, BE
atvaizdai buvo imami tolygiai paskirscius juos per visa Slifa.
Priklausomai nuo analizuojamos sunkiyjy mineraly frakci-
jos dydzio ir techniniy parametry, reikalingy aukS$tos ko-
kybés atvaizdams, kiekviename atvaizde buvo identifikuo-
ta bei suskaiciuota nuo 10-15 iki 80-100 mineraly grade-

liy (2 pav.).

Spalviniai BE atvaizdy kontrastai bei EDS analizés
duomenys leidZia parinkti i§ mineraly saaugos labiau is-
plitusj mineralg arba skaiCiuoti sgauga kaip du atskirus
mineralus (3 pav., a, b). Tokiu biidu buvo padidintas sun-
kiyjy mineraly griiddeliy procentinio pasiskirstymo ivertini-
mo tikslumas. Analizuojant mineralus su SEM-EDS, sun-
kiyjy mineraly ,,skendimo efektas“ $lifuose gali apsunkin-
ti kai kuriy sluoksniuoty bei stipriai iSdiiléjusiy mineraly
identifikavima. Taip pat neiSvengiama mineraly griideliy
procentinio kiekio paklaida, susijusi su pladiomis granu-
liometriniy frakcijy ribomis. Tokj neigiama efekta galima
sumazinti susiaurinus granuliometriniy frakcijy ribas.

Oubra Bapeiikene, Mapbsa JlexTonen

TSZKEJIBIE MUHEPAJIbI B UCCIEJOBAHUAX
IIOYB: MUHEPAJIOTUYECKHUE METO/JbI, UX
INPEUMYILIECTBA N1 HEJOCTATKU

Peswowme

XUMHYECKUIA aHAIN3 MIHEPATIbHBIX TPYIIT M OTIEIBHBIX
MHUHEPAJIOB, BBIAECICHHBIX M3 OOPA3I[OB MOYB, a TAKXe
pe3yIbTATHl MX IPOICHTHOT'O PACHpEleNIeHHs] MOTYT
OBITH HCITIONIB30BAHBI JJIS BBISCHEHUS TeHe3nca MUHe-
payoB, ompeneleHUs HalpaBlIeHUH MepeHoca MoYBo00-
pa3yoUuX JIEMHUKOBBIX OTJIOXEHUH, IUIOMATHOTO
KapTorpadupoBaHMs PA3IUYHBIX THIIOB IIOYB, HICH-
TUGUKALNN OTAENBHBIX CIIOEB IMOYBEHHOTO IPOQUIIS,
BBISICHCHHSI T€HE3MCa MHUHEPAIOTHIECKUX TCOXUMIYCCKIX
aHoMaui. JIOCTOBEPHOCTh aHaIU3a PacCIpelesieHUs] MU-
HEpaJOB 3aBHCUT OT YHCNIA OIPENeNICHHBIX U COCYH-
TAHHBIX MUHEpAJbHBIX 3epeH. KoImuecTBeHHBIH MuHe-
pAJOTHYECKHUA aHAIHM3 TsDKEIBIX MUHEPAJIOB, BBIICIICH-
HBIX M3 OOpa3IoB, OTOOPAHHBIX M3 TEOXUMHUYECKHX
aHoMmanuii B mouyBax JIMTBBI, MOKa3all, YTO HEKOTOPHIE
MHUHEpasbl (KCEHOTUM, XPOMHT, NMHUPHUT, MOHAIUT) OBI-
JIU ONpeneeHbl TOIbKO cocuuTaB Ooisbine yeM 1500
MUHepaIbHBIX 3epeH (Tabn. 1). Takum obpazom, Tpe-
OoBaHHE TOCTOBEPHOCTH KOJIMYECTBCHHOTO aHaIH3a
ABIISETCS OJHMM W3 KPHUTEPHEB IPU BBIOOpE MHHEpa-
JIOTUYECKOTO METOAA.

[lepeoTiioxkeHNE TOYETBEPTUYHBIX M UYSTBEPTHUHBIX
OTJIOXKCHUN, MeXaHWYecKas He3MHTETpauus IOpOi B
mpoliecce MepeHoca JIEAHUKOM, ITOCTJIEAHUKOBOE BBI-
BETpPUBAHUE, TOYBOOOPA3YIONINE MPOIECChl U Pa3HOO00-
pasue XHMHYECKOTO COCTaBa OTAEIbHBIX MHHEPAJIOB
MpeIONpPEeNeINIA, YTO NPUMEHEHHE LIMPOKO HCIIOJIb-
3yeMBIX B MUHEPAJTOTHMYECKUX HCCIIEIOBAHUSIX CBETOBBIX
MHUKPOCKOIOB IJIsS OMpPEHETIeHUs] BCEX MHHEPAJIOB IMPH
MIPOBEICHUH KOJIMYECTBEHHOIO0 aHallM3a WX pacIpene-
JICHUs SIBIISETCS HENOCTATOYHBIM H TPYJOEMKHUM.

Just 6o7ee TOYHOTO OIpPEAENICHUS MIHEPATIOB MOTYT
OBITP MPUMEHEHBI APYTrUe MUHEPATOTHYECKHE METOJEI,
MTO3BOJISIIONINE TONXYYUTh WHPOPMALUI0 KaK O XUMH-
YECKOM COCTaBe MUHEpAJOB, TaK M O HX CTPYKTYpPHO-
TEKCTYPHBIX OCOOEHHOCTSIX.

CkaHUPYIONUIHUI 3JeKTPOHHBINH MHUKpockomn (SEM) —
Haumbojiee 9YacTo IpUMEHseMas TEXHHUKAa B HccCle-
JTIOBAHUAX TSDKEITBIX MHHEPAJIOB, TaK KaK OH XapaKTepH-
3yeTCs BBICOKOH pa3pelaiieil cmocoOOHOCThIO M O0JIb-
Ioi TITyOMHOMN oM 3peHns. B cOBpeMEHHBIX MOJETsIX
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K SEM 0OBIYHO TNOACOETUHEH DPEHTI€HOCIEKTPOMETP
(EDS), obnervaromuii 3JeMEHTHBI aHallU3 M, TaKUM
obpazom, criocoOcTBytomuil Oosiee OBICTPOH UAEHTH(HU-
Kallld MUHEPAJIOB 0 MX CIIEKTPaM, B KOTOPBIX ITHKH
COOTBETCTBYIOT COCTABJISIOIINM MMHEPAN 3JIEMEHTaM C
KoHueHTpauueil Boiie 1%. Iluku ameMeHTOB M UX UH-
TEHCHUBHOCTD SIBJISIFOTCSI OCHOBHBIMH XapaKTE€PUCTUKAMU,
HCIIONTB3YEMBIMH TIPH OTIPEIeTICHIH MHUHEpaoB (puc. 1a,
b, c).

Paboras ¢ SEM, monupoBanHble mumndel Hanboee
MPUTOIHBI [T KOJINYECTBEHHON OIIEHKH paCIpe/eIeHIs
MHHEpAJOB, MOTOMY YTO BO3MOXKHO IIOBTOPHO aHAJIH-
3UpoOBaTh HE TOJNBKO TOT e uumg, obpas, HO U OT-
JeTbHBIe MUHEPAIBI, & TaK)Xe MCIONb30BaTh HUIA( s
JIOTIOJIHUTENIFHOTO MHHEPAJIOTUYECKOTO aHalIMu3a ¢ Apy-
TUMH MUKPOCKOIIAMH.

Hmns SEM—EDS MuHepanorudeckoro aHaiau3a IUTH-
(OB TOKENTBIX MUHEPATIOB (MIIOTHOCTH > 3 1/cM®), BbIIe-
JICHHBIX U3 00pa3loB, OTOOPAHHBIX U3 T€OXMMUYECKUX
aHoManuii B moyBaxX JIMTBBI, HMCHOIB30BAIU OOpPAa3bI
MHUHEPAJIOB, CO3[aHHBbIE NPH PETHUCTPAINM IEePBUUHBIX
»OTCKaUMBIIKX" 3JekTpoHOB (BE). OuenuBas pacmnpe-
JieJIeHne MHUHEpaJoB Kak roMoreHHoe, BE o0Opa3sl ObI-
T OTOOpaHBI MO BCceMy UUTUQY, CIenys NPUHIUIY

PaBHOMEPHOTO HX pacHpeleleHus Mo Iwromanu. B
3aBHCUMOCTH OT Pa3MEPHOCTH aHAIM3UPYEMOH TpaHysIo-
MeTpHUecKOl (PaKIUM U OT TEXHHUECKUX MapaMeTpOB,
yCTAaHABIMBAEMBIX JJIS1 CO3IAHUS BHICOKOKAUECTBEHHBIX
00pa3oB, B KaXIOM OTAEIBHOM oOpa3e OBLIO MpoaHa-
muzupoBano ot 10-15 mo 80-100 (puc. 2), a B KaxaoMm
oTaensHOM Twude — >1500 3epeH MHUHEPaJOB.

IIBeTOBBIE KOHTpPACTBI MHHEPATIOB B HX oOpa3ax u
COOTBETCTBYIOIME AaHHble EDS ananuza mo3BoJsioT u3
MHUHEPAIbHOTO CPOCTKa BHIOpAaTh Hambolee pacmpo-
CTpaHEHHBIH IO IUIOMAAM MHHEpal MIHM CUUTATh
CPOCTOK Kak 2 OTHeNbHBIX MHHepaja (puc. 3a, b). Ta-
KM 00pa3oM, TOYHOCTh aHajH3a IPOLEHTHOrO pac-
MPEIETICHUs] TSDKEIBIX MUHEpPaJoB ObLTa ITOBBIIICHA.

ITpu muHepanormueckoM anHanmse ¢ SEM—-EDS ,3¢-
(beKT morpyKeHHs" TsDKENIBIX MUHEpaJoB B HUTH(E MO-
KET BBI3BATh TPYAHOCTH IIPU OINpPEAeNICHUH CIOUCTBIX
U CHJIBFHO BBIBETpPENBIX MUHepanoB. Kpome Toro, mcka-
KEHHE Pe3yIbTATOB KOJIMYECTBEHHOTO pacIpeeiIeHUs]
MHUHEpAJOB, CBS3aHHOE C TPAHUIAMH TPaHyIOMETPH-
4ecKUX (pakIiif, He MOXET OBITh MPETOTBPAIICHO IPU
pabore ¢ SEM-EDS. CHmxeHue Takoro OTpHUIIATENb-
Horo 3¢ddexTa BO3ZMOXKHO TpPHU CYKEHUU pPa3MepOB
TPaHyJIOMETPUUCSCKUX (PpaKIIHid.



