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INTRODUCTION

Geochemical mapping of Lithuanian soils allowed
to reveal areas with increased concentrations of so-
me trace elements. Such zones were distinguished
as geochemical anomalies (Kadiinas, 1998). Many
of such anomalies are formed by a group of trace
elements (Ti, Zr, Nb, Y, Yb, La), which are closely
correlated in the soil and associated with weather-
ing-resistant allothigenous accessory minerals (Ka-
diinas et al., 1999). This group is distinguished as a
paragenetic accessory association in surface sedi-
ments, but in some works referred to as clastogenic
(Baltakis, 1993). The contents of trace elements of
this association in the soil mostly depend on natu-
ral factors. For this reason the knowledge of the
genesis of their anomalies is important for the eva-
luation of the influence of the composition of soil-
forming rocks and soil-forming processes on the con-
tent of trace elements in the soil. Though the con-
tents of these trace elements in the soil are low
(except Ti and Zr), they participate in biogeoche-
mical processes. The influence of rare-earth trace
elements on cereal productivity and intellectual de-
velopment of children (ComoBoB m np., 1993) im-
plies that these trace elements have impacts on the
quality of natural environment.

METHODS

Investigations were carried out in the most contras-
ting polyelement anomalies where the content of
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accessory association elements was one of the high-
est in Lithuanian soil (Table 1). The sum of con-
centration coefficients of these elements in these
anomalies exceeded 8 and the concentration coeffi-
cient of at least one of these elements exceeded 1.2
(Table 2). Soil samples of the A-horizon were exa-
mined for a total content of trace elements at the
Laboratory of Spectral Investigations of the Institu-
te of Geology and Geography by method of direct
current arc-emission spectrometry (DC-Arc ES). Soil
samples were divided into three groups (1-0.1, 0.1-
0.01 and < 0.01 mm grain fractions) using the sie-
ve method. The silt fraction of some of the samples
was additionally subdivided into coarse-grained (0.1-
0.05 mm) and fine-grained (0.05-0.01 mm) silt frac-
tions, whereas the sand fraction was subdivided into
coarse-grained (1-0.25 mm) and fine-grained (0.25-
0.1 mm) fractions. The fine sand fractions of soil
samples taken from Medininkai Upland and the
Kaunas—Kaisiadorys glaciolacustrine basin were di-
vided into three parts according to the density of
minerals (<2.8, 2.8-3.3 and >3.3 g/cm?®). All grain-
-size and mineral density fractions were also exa-
mined for the total content of trace elements. The
loam and sandy loam samples taken from the
Kaunas—KaiSiadorys glaciolacustrine basin were ana-
lysed in detail at the laboratories of the Institute of
Mineralogy, Geochemistry and Crystal Chemistry of
Rare Elements of the Russian Academy of Scien-
ces. X-ray spectrography was applied to determine
the contents of Ti, Zr, Nb, Y, Yb, La, Ce and Nd.
The X-ray structural and X-ray stadial analysis was
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used to determine the mineral composition of the
fine-grained silt-pelite fraction (<0.04 mm). The
sand and coarse-grained silt fraction was split in a

bromoform into the light (<2.8 g/cm®) and heavy
(>2.8 g/cm®) fractions and these fractions were exa-
mined mineralogically, too. The heavy (concentra-

Table 1. Anomalous values of trace elements of accessory association in Lithuanian soils, ppm
1 lentelé. Anomalus akcesorinés asociacijos mikroelementy kiekis Lietuvos dirvozemiuose ppm
Trace elements
No. of anomaly Locality of anomaly Soil
in Fig. 1 -
T1|Zr|Nb|Y|Yb|La
1 Miisa-Nemunélis glaciolacustrine basin
Clay 5168 360 129 443 44 60.9
2 Kaunas-KaiSiadorys glaciolacustrine basin
Clay 8869 480 21.7 471 6 489
3 Kaunas—KaiSiadorys glaciolacustrine basin
Sandy loam 3252 823 172 23 3.8 28
4 Vievis-Sirvintos glaciolacustrine basin
Clay 4580 651 143 258 3.8 26.7
5 Jira-Sesupé glaciolacustrine basin
Sand 3210 262 169 12.7 21 262
Medininkai Upland Loam 3707 760 17.1 285 4 352
The Merkys river valley Sandy loam 3152 458 258 21 24 23
8 The Gruda river valley Organic 2975 226 103 38 3.7 30.6
Loam-clay 2875 263 13.6 188 24 265
Background (median) values in soil of Lithuania Sandy loam 2512 280 13.7 161 21 230
Sand 1716 222 125 107 15 172
Organic 1670 142 6.8 154 15 192
Table 2. Coefficients of concentration and sequence of accumulation of trace elements in soil anomalies
2 lentelé. Mikroelementy koncentracijos koeficientai ir ju kaupimosi eilés dirvozemio anomalijose
I\_IO' Coefficient of concentration S
in Locality of anomaly Soil Sum of
Fig. 1 Ti 7Zr | Nb Y Yb | La accumulation
1 Miisa—Nemunélis
glaciolacustrine basin
Clay 1.8 14 09 24 18 23 106 Y-La-Ti-Yb-Zr
2 Kaunas—Kaisiadorys
glaciolacustrine basin
Clay 31 18 16 25 25 18 134 Ti-Y-Yb-Zr-La-Nb
3 Kaunas—Kaisiadorys
glaciolacustrine basin
Sandy loam 13 29 13 14 18 12 99 Zr-Yb-Y-Ti-Nb-La
4 Vievis-Sirvintos
glaciolacustrine basin
Clay 1.6 25 11 14 16 10 91 Zr-Ti-Yb-Y-Nb
5 Jira-Sesupé
glaciolacustrine basin Sand 19 12 14 12 14 15 85 Ti-La-Yb-Nb-Y-Zr
6 Medininkai Upland Loam 13 29 13 15 1.7 13 99 Zr-Yb-Y-Ti-Nb-La
7 The Merkys river valley Sandy loam 13 16 19 13 1.1 1.0 82 Nb-Zr-Ti-Y-Yb-La
8 The Grida river valley Organic 1.8 16 15 25 25 16 11.5Y-Yb-Ti—Zr-La-Nb
Soil of glaciolacustrine basins 1.9 20 12 18 18 1.6 103 Zr-Ti-Y-Yb-La-Nb
Soil of all anomalies 1.7 20 14 18 18 15 101 Zr-Y-Yb-Ti-La-Nb
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te), fine-grained light (<0.04 mm) and residual
(sand-silt and heavy minerals) fractions were sepa-
rated by the inert-dynamic method. In constituent
minerals of these fractions the content of trace ele-
ments was determined by the method of stadial emis-
sion-spectral scintillation analysis.

Statistical parameters of the distribution of trace
elements were calculated and their graphic expres-
sion obtained using Excel software.

RESULTS

Distribution of anomalies. Anomalies of trace ele-
ments of the accessory association have been found
throughout Lithuania in all types of soil (Fig. 1).
The content of these trace elements in them is a
few times higher (Table 2) than the median values
for Lithuanian soils (Kadiinas et al., 1999). More
intensive anomalies of these trace elements have
been detected in glaciolacustrine basin sediments of
the last Nemunas (Weichselian) glaciation. According
to concentration coefficients in the graded accumula-
tion sequence of these components, Zr, Y, Yb and
Ti are the most readily accumulating ones. An ano-
malous content of these elements was also found in
the soils of Medininkai Upland, which have formed
on glacial sediments of the penultimate glaciation
(Saalian). The highest values were determined for
Zr, Yb and Y (Table 2). Anomalous concentrations
of these components have also been detected in soils
formed on alluvial sediments (the Merkys and the
Gruda river walleys).

Anomalous contents of titanium were observed
in all samples. According to the concentration coef-
ficients its anomalies were not very intensive (Kk <
< 2d) in most cases. Its intensive anomaly has been
found only in the clay soils of the Kaunas—KaiSia-
dorys glaciolacustrine basin (Kk = 3.1) (Table 2).
The content of Ti in grain-size fractions increases
with the amount of fine mineral particles (Fig. 2)
and reaches its maximum in pelite fraction. Conse-
quently, the anomalous concentration of Ti in clay-
loam soils depends on the content of pelite fraction
(<0.01 mm), which is the dominant in clay soil (over
50%). Increased contents of Ti were found in some
samples of the silt fraction of soil. In all these ca-
ses the content of Ti was [I1.5 times higher in fine-
grained (0.05-0.01 mm) than in coarse-grained silt.
The silt fraction in clay-loam soil did not exceed
20-30%. Therefore the accumulation of Ti in it ma-
de up 15-20% of the total in the soil sample. In
the sand fraction the concentration of Ti was mini-
mal (Md = 460 ppm) and did not affect its concen-
tration in anomalous samples, reaching only a few
per cent of the total. Differentiation of fine-grained
sand fraction (0.25-0.1 mm) into three groups of
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Fig. 1. Anomalies of trace elements of accessory associa-
tion in soil of Lithuania. For names of anomalies, see
Tables 1 and 2

1 pav. Akcesorines asociacijos mikroelementy anomalijos
dirvozemyje. Vietoviy pavadinimai — 1 ir 2 lentel¢je

mineral density revealed an almost equal accumula-
tion of Ti in both groups of heavy minerals, where
its concentration exceeded the concentration in the
group of light minerals 2040 times (Fig. 3). The
content of minerals in sand-silt fraction of soil did
not exceed 1%. Therefore their influence on the
total amount of Ti in a sample is not decisive,
though the mentioned fraction contains Ti minerals
such as ilmenite (up to 35% of the content of hea-
vy minerals) and rutile (up to 0.8%). These mine-
rals most probably predetermine the anomalous Ti
contents when they are accumulated in pelite frac-
tion. Increased contents in these fractions were de-
termined by stadial emission scintillation analysis.
In this fraction, ilmenite is often replaced by leuco-
xene or authigenous anatase (Berrow, Mitchell,
1991). Replacement of ilmenite by leucoxene has
been also observed in the soils of Medininkai Up-
land, where anomalous concentrations of Ti and
other elements of the association are related to the
long-term weathering processes (Vareikiene, 2001).
Presumably, part of Ti in pelite fraction is contai-
ned in the intergrowths of Ti minerals and other
minerals and in sorbed form (Ti(OH),), especially
in hydromicas. A comparatively high content of Ti
observed in the group of minerals with a density
2.8-3.3 g/cm? implies that the main Ti minerals, il-
menite (density 4.7 g/cm®) and rutile (4.3 g/cm?),
exist as not independent mineral individuals but as
an isomorphous impurity in crystals or minerals (bio-
tite, hornblende).

Zirconium is one of the most intensively accu-
mulating trace elements in this kind of anomalies.
Its concentration coefficients in the soils of glacio-
lacustrine basins vary from 1.2 (sand) to 2.9 (sandy
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Fig. 2. Content of trace elements of accessory association in soil granulometric fractions
2 pav. Akcesoriniy mineraly mikroelementy kiekis dirvozemio granuliometrinése frakcijose
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Fig. 3. Content of trace elements in fine-grained sand (0.25-0.1 mm) fraction of soil, divided by density into: I —
<2.8; 2 - 2.8-3.3; 3 - 3.3 g/em?
3 pav. Mikroelementy kiekis dirvoZzemio smulkaus smélio frakcijoje (0,25-0,01 mm), suskirstytoje pagal tanki: I —
<2,8; 2 - 2,8-3,3; 3 - 3,3 g/em?
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loarn).. In the loam of Med{nlnkal Up- Table 3. Mineral composition of high part (density >2.8 g/cm3) of
land it reaches 2.9. According to con- sand and coarse-grained silt fraction in the soil of the Kaunas—Kaisia-
centration coefficients, Zr occupies the  |dorys glaciolacustrine basin
leading position in the graded sequen- |3 lentelé. Kauno-Kaisiadoriy limnoglacialinio baseino dirvozemio smé-
ce of these components (Table 2). In |lio-stambaus aleurito frakcijos sunkiosios dalies mineraliné sudétis
contrast to Ti, zirconium mostly accu- Sandy loam Loam
mulates in the silt fraction of soil (2.6 Minerals
times as much as in clay fraction and & % & %
9.6 times as much as in sand fraction) |Quartz 0.03 80  0.023 45
(Fig. 2). This distribution pattern of Zr Feldspars of potassium 0.002 0.5 0.011 22
has been determined in all types of Li- Icl}menitte 8(1)2 i;‘g 8%6 Zg;
. . = . arncts o o b o
thpaman soils (Kadiinas, Gregorauskie- Zircon 0.02 53 0.04 =9
ne, 1999). Hematite 0.07 187  0.026 5.1
Increased contents of Zr mostly de- || imonite 0.01 27 0.001 0.2
pend on the content of mineral zircon | pyrite 0.004 1.1 0.004 0.8
in the soil, which in anomalous soil |Rutile 0.0012 0.3 0.004 0.8
samples makes up 5-8% of the con- Tourmaline 0.006 1.6 0.007 1.4
tent of heavy minerals (Table 3). Its |Magnetite 0 00 0.012 2.4
certain portion is also associated with 1(3};'132?66 8001 8(3) 88(2)2 23
rutile and ilmenite (Table 4). In con- ! : : ’ :
tllr:ste tz (cl)there tr:;e( ;12rflen)ts of Ct(l)lis Hornblende 0 00 0.08 158
; Actinolite 0 0.0 0.031 6.1
group, Zr accumulates only in the |gericite, chlorite 0 0.0 0012 24
group of the heaviest minerals (density |Intergrowths of different
>3.3 g/cm?®), where Zr concentration in | minerals 0.051 13.6 0.077 15.2
some anomalous samples reaches 1.5-
2%. Despite the fact that these mine- loizl L 0y bsip 10l

rals account for not more than 0.5%

of the total mineral mass of soil, their

influence on the formation of anomalous Zr con-
centrations is great. Zircon tends to exist in silt as
an independent mineral individual and almost does
not participate in intergrowhts with light minerals
or rarely occurs in other minerals as microcrystal
spots. Therefore its concentration in the fraction

with a density of 2.8-3.3 g/cm® is low (Fig. 3). The
concentration of zircon in pelite fraction is slightly
lower than in the fractionally undifferentiated sam-
ple. It also contains mineral zircon, but part of Zr
in pelite fraction may be present in the form of
sorbed ions (Berrow, Mitchell, 1991).

Table 4. Content of chemical elements in accessory minerals (MBanoB, 1997)
4 lentelé. Cheminiuy elementy kiekiai akcesoriniuose mineraluose (MBanos, 1997)
Content, %
Minerals

Ti Zr Nb Y Yb La Hf
Ilmenite 31.6 0.34 0.02 0.004
Rutile 60 0.5 0.09 0.35-0.48
Zircon 1.5-1.7 49.5 0.02-0.05 0.3-0.35  0.024-0.03 to some %
Magnetite to some % 0.045 0.005-0.21 0.015 0.004
Apatite 0.15 0.11 0.0017 0.018-0.032
Monazite to some % to 1% to some tens %
Tourmaline 0.005-0.011
Garnets 0.5-0.6 0.13 0.007 0.0005-0.0014
Biotite to some % 0.02 0.013 0.014
Hornblende to some %
Hematite to some %
Epidote 0.02
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Niobium and ytterbium anomalies are associated
with increased contents of heavy minerals. The most
contrasting anomaly of Nb has been determined in
the sandy loam formed on the Merkys valley silt
(Kk = 1.9). Anomalies of Yb are characteristic of
the soils of glaciolacustrine basins (Kk up to 2.5).
Its highest values have also been found in the silt
fraction of soil, but their difference from the values
found in pelite fraction is smaller than that of Zr
values (1.2-1.3 times) (Fig. 2). The soil contained
no minerals with Nb as the main constituent. The
varying concentrations of Nb depend on the con-
tent of zircon, rutile, ilmenite, magnetite and bioti-
te in the soil (Table 4). These minerals have been
also detected in the pelite fraction of soil. Zircon
and garnets are the main minerals predetermining
the concentration of Yb in the soil. Their portion
among heavy minerals of sand-clay fraction in the
soil of the Kaunas—KaiSiadorys glaciolacustrine ba-
sin makes from 13 to 26% (Table 3). The ytterbium
anomaly may be related to increased contents of
apatite (Baltranas, 1995).

A high concentration of hafnium (up to 0.07%
in dense minerals >3.3 g/cm’) has been observed in
the same portion of heavy minerals, where the con-
centrations of mineral zircon are high. Increased
concentrations of cerium and neodymium (Ce up to
146, Nd up to 48 ppm) have been found in the
pelite fraction of soils of the Kaunas-KaiSiadorys
glaciolacustrine basin. This implies a high diversity
of isomorphous impurities of accessory minerals.

Heavy accessory minerals are also responsible for
higher concentrations of other rare-earth elements
in the soil (yttrium and lanthanum). Their most con-
trasting anomalies have also been found in soils of
the glaciolacustrine basin (Y concentration coeffi-
cient up to 2.5, La up to 2.3). Yttrium and lantha-
num most readily accumulate in silt and pelite frac-
tions (Fig. 2). They are isomorphous impurities in
heavy minerals. An unidentified mineral phase (mo-
nazite?) of La has been observed in the pelite frac-
tion of loam in the Kaunas-KaiSiadorys glaciolacust-
rine basin. Part of the ions of these elements —
mobile in water containing hydrocarbonate ions and
organic matter — can be sorbed by minerals of pe-
lite fraction, carbonates and hydromicas in the first
place (MBanos, 1997). Part of Y and La ions in
pelite fraction may be anthropogenic in origin, ie.
come with phosphorus fertilizers, where the con-
centration of these components is several times hig-
her than in the soil (Caer, 1990). Therefore, some
anomalies of these elements may be associated with
the use of the mentioned fertilizers (Vareikiené,
1998).

CONCLUSIONS

Anomalous concentrations of titanium, zirconium,
niobium and rare-earth elements (Y, Yb, La, Ce,
Nd) in Lithuanian soils mostly depend on the con-
tent of accessory heavy minerals. Increased contents
of these minerals are associated with the genesis of
soil parent material: deposition of glaciolacustrine
or alluvial sediments or a long-term weathering pro-
cess when the content of resistant minerals relative-
ly increases in a weathered horizon. The trace ele-
ments studied are the main elements in accessory
heavy minerals (Ti in rutile and ilmenite, Zr in zir-
con), or important isomorphous impurities (Ti in
magnetite and biotite, Zr in rutile, ilmenite and mag-
netite, Nb in rutile, zircon and magnetite, Y and
Yb in zircon and garnets, La in apatite, monazite
and biotite). Resistant heavy minerals accumulate
in fine-grained silt and pelite fraction as individual
minerals, as micro-insertions in low density mine-
rals (amphiboles, micas, garnets, feldspars, etc.), or
form aggregate intergrowths with other light main
soil minerals (clay minerals, potassium feldspars, pla-
gioclases, micas). This explains a comparatively high
concentration of elements of accessory association
in light mineral fractions. In pelite fraction, which
is often responsible for anomalous concentrations
of elements in the whole soil, they may exist not
only in mineral form but also in the form of sorbed
ions. The latter form is especially important for the
elements of the association that are mobile in water
(Y, La). Part of these ions may be of anthropoge-
nic origin, i. e. related to the use of phosphorous
fertilizers.
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Ti, Zr, Nb IR RETUJU ZEMIU ELEMENTU
GAMTINIU ANOMALIJU GENEZE LIETUVOS
DIRVOZEMIUOSE

Santrauka

Lietuvos dirvozemyje kai kuriose vietovése yra padidéjes
Ti, Zr, Nb ir retyjy Zemiy elementy (Y, Yb, La, Ce)
kiekis (1 pav.). Sie mikroelementai pasizymi glaudziais tar-
pusavio koreliaciniais rySiais ir yra susij¢ su atspariais di-
léjimui alotigeniniais akcesoriniais mineralais, todé¢l pavir-
Siaus nuosedose iSskiriami | parageneting akcesoring aso-
ciacija. Nors Siy mikroelementy kiekis dirvozemyje yra ma-
zas (iSskyrus Ti ir Zr), taiau jie dalyvauja biogeochemi-
niuose procesuose ir turi jtakos gamtines aplinkos kokybei.

Dirvozemio A horizonto meéginiai buvo tirti panaudo-
jus jvairius metodus: granuliometrinj, skirstyma sunkiuose
skysciuose iSskiriant mineraly grupes pagal tankij, optinés
emisines spektrinés, rentgenostruktirines, rentgenofazinés
analizés ir inercinj-dinaminj.

Intensyviausios iy elementy anomalijos aptiktos dir-
vozemiuose, susiformavusiuose Nemuno ledynmecio lim-
noglacialiniy baseiny nuogulose (1 lentel¢). Pagal kon-
centracijos koeficientus iSriiSiuotoje Siy elementy kaupi-
mosi eiléje prie labiausiai besikaupianciy elementy priski-
riami Zr, Y, Yb ir Ti. Medininky auks$tumos dirvoze-
miuose, susiformavusiuose prieSpaskutinio ledynmecio gla-
cigeninése nuogulose, taip pat nustatyti anomalis Siy ele-
menty kiekiai. Juose labiausiai besikaupiantys elementai
yra Zr, Yb ir Y (2 lentelé). Siy elementy anomalijos taip
pat nustatytos dirvozemiuose, susiformavusiuose aliuviné-
se nuosédose (Merkio ir Griidos upiy sléniuose). Juy ano-
maliniai kiekiai daugiausia priklauso nuo akcesoriniy sun-
kiyjy mineraly kiekio (3 lentel¢). Siy mineraly pagausé-
jimas kai kuriose Lietuvos vietovése yra susijes su dirvo-
dariniy uolieny geneze — nuosédy frakcionavimo proce-
sais klostantis limnoglacialinéms ar aliuvinéms nuosédoms
arba ilgai trukusiu diiléjimo procesu, kai iSduléjusiame ho-
rizonte santykinai pagausé¢ja atspariy diléjimui mineraly
kiekis. Akcesoriniuose sunkiuosiuose mineraluose Sie mik-
roelementai yra pagrindiniai elementai (Ti - rutile ir il-
menite, Zr — cirkone) arba reikSmingos izomorfinés prie-
maiS$os (Ti — magnetite ir biotite, Zr — rutile, ilmenite ir
monacite, Nb — rutile, cirkone ir magnetite, Y ir Yb —
cirkone ir granatuose, La — apatite, monacite ir biotite)
(4 lentelé). Sie atspariis diléjimui sunkieji mineralai kau-
piasi smulkaus aleurito ir pelitinéje frakcijose, todél jose
akcesorineés asociacijos mikroelementy kiekis yra didziau-
sias (2 pav.). Sie mineralai kaip mikromineralai-jtarpai ki-
tuose mazesnio tankio mineraluose (amfiboluose, Zéruty-
je, granatuose, feldSpatuose ir kt.) biina savarankiski indi-
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vidai arba sudaro agregatinius suaugimus su kitais leng-
vais pagrindiniais dirvoZzemio mineralais (molio minera-
lais, kalio feldSpatais, plagioklazais, zéruciu). Tuo paaiski-
namas palyginti didelis Sios asociacijos elementy kiekis ne
tik pacioje sunkiausioje dirvozemio frakcijoje (3 pav.). Pe-
litinéje frakcijoje, nuo kurios kiekio dazniausiai priklauso
anomalus Sios asociacijos elementy kiekis visame dirvoze-
myje, jie, be mineralinés, biina ir sorbuoty jony formos.
Pastaroji ypac svarbi tiems S$ios asociacijos elementams,
kurie yra judriis vandenyje (Y, La). Dalis tokiy jony, dau-
giausia susijusi su fosforo trasy naudojimu, gali biti tech-
nogenines kilmes.

Banenrunac Kanynac, Aiabdpenac PanzsBuutoc,
Oubra Bapeiikene

TEHE3UC AHOMAJIMI Ti, Zr, Nb U
PEJAKO3EMEJIbHBIX 2JIEMEHTOB B ITOYBAX
JINTBbI

Peszowme

Ha tepputopun JIUTBBI B HEKOTOPBIX MeCTax B IIOYBE
YCTaHOBJIEHBI IOBBINIEHHBIE comepxanust Ti, Zr, Nb u
penxosemenbhbix anemenToB (Y, Yb, La, Ce) (puc. 1). B
MOYBE 3TU MHKPOIJIEMEHTHI CBS3aHBbI MEXIY COOOM CHIIb-
HBIMH KOPPEISIMOHHBIMH CBSI3SIMH, 4 WX HOCHTEISIMHU B
OCHOBHOM SIBIISIFOTCSI YCTOWYMBBIE K BBIBETPUBAHUIO aK-
LIECCOPHBIE MUHEPAJIBI, MO3TOMY MHUKPOIIEMEHTHI BBIJIe-
JISIOTCSL B MAPAreHETHYECKYIO aKIIECCOPHYIO aCCOILMAIUIO.
ConepxaHHe YIMOMSHYTBHIX MHKPO3JIEMEHTOB B TOYBAx
OOBIYHO HEBETUKO (32 UCKIIOUYeHUueM Ti, Zr), OIHAKO OHU
YYaCTBYIOT B OMOTE€OXMMHYECKHX IPOIIECCAX U BIMSIOT Ha
Ka4eCTBO OKPYKAIOIIEeH Cpembl.

O6pasupl IOYB ObLIM OTOOPaHBI C TOPH30OHTA A, H
UCCIIEIOBAHBI C TIOMOILBIO PA3IMYHBIX METOAOB: I'PAHYJIO-
METPHYECKOTO, pa3/IeIeHus] B TSDKEIBIX KHUIKOCTSIX, HHEP-
HUOHHO-TUHAMHYECKOTO, 3IMUCCUOHHO-CIEKTPAIBHOTO,
PEHTICHO-CTPYKTYPHOTO U PEHTIeHO-(ha30BOro.

HaubGonee WHTEeHCHBHBIE aHOMAJUM 3TUX JIIEMEHTOB
YCTAHOBJICHBI B MOYBaX, 00Pa30BABIINXCS HA OTJIOKEHUSIX
JTUMHOTIAINAIBHBIX OacceiiHoB HsmyHnckoro (Bammaii-
ckoro) ojeneHenus (tabmuma 1). Haumbomee BBICOKMMM
ko3 dunmenramu konnenrpauuu (Kx) Beigenstores Zr, Y,
Yb u Ti. B mouBax MSIMHUHKCKONH BO3BBIIIEHHOCTH,
00pa30BaBIINXCSl HA OTIOXKEHUAX MsmuHuHKCKoro (Mo-
CKOBCKOT'0) OJICICHEHUSI, TAK)KE YCTAHOBJICHBI aHOMAJIbHBIC
KOHIIEHTPAIIMK 3TUX 3JIeMEHTOB. B Hux mo BeicokuM Kk
oigesitorest Zr, Yb u Y (tabaumma 2). AHOMajbHBIE CO-
JIEPXKAHUS ITHX 3JIEMEHTOB YCTAHOBIICHBI TAK)KE B MOYBAX,
00pa30BaBIINXCS HA AJUTIOBUAJIBHBIX OTJIOKEHUSX (B OJIH-
Hax pek Mspkuc u I'pyna). ComepxaHusi 3THX 3JIEMEHTOB
B IIOYBaX B OCHOBHOM 3aBHCST OT COJICPIKAHUS aKIIECCOP-
HBIX TSDKENBIX MHHEpasIoB (Tabnuua 3). YBenudyeHue comep-
JKaHUSI 3TUX MHUHEpPAIOB B OTIOXEHHSIX B OCHOBHOM 3a-
BUCUT OT TeHe3HMCa MATePUHCKUX IOPOMA, OT MPOIIECCOB
€CTECTBEHHOTO (DPAKIIMOHUPOBAHUS OCAAKOB O TUIOTHOCTH
npu 00pa30BaHUU JIMMHOTIIALIUATBEHBIX WA AJUTIOBUAITH-
HBIX OTJIOKEHHI, a TakkKe OT JUIUTEIbHOr'O MpOoIlecca BbI-
BETPUBAHMSI, U3-32 KOTOPOI'O B MOYBAX YBEIMUUBAETCS KO-
JIMYECTBO YCTOMYMBBIX K BBIBETPHUBAHHIO MHUHEPAIOB. B
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AKLIECCOPHBIX MHHEpaIax 3TH MHUKPO3JIEMEHTbI MOTYT OBITh
ocHoBHbIMU (Ti — B pyTHie U WiIbMeHHTE, ZI — B pyTHIIE,
uibMeHnuTe M MoHauute, Nb — B pyruie, numpkoHe u
marHerute, Y u Yb — B 1upkoHe W rpaHarax, La — B
arnaTturte, MOHauuTe U 6uotute) (Tabnuma 4). Ycroiduussle
K BBIBETPHBAHHUIO MUHEPAJIBI HAKATUIMBAIOTCS B METUTOBOU
U MEJIKOAJIEeBPUTOBOH (pakuusx, MO3TOMY B HHUX ycCTa-
HOBJIEHBI Hauboyiee BBICOKHME KOHIEHTPAIUM MUKPO-
JJIEMEHTOB 3TOH accommanuu (puc. 2). MwuHepansl BBI-
CTYNAIOT KaK CAMOCTOSITE/IbHbIE MHIMBHIBI, KAK COCTABHbIE
YacTH JpYrux Oojiee JErkux MHUHEPaloB (MHKPOMHU-
HEpajoB), a TaKke OOpa3ylT arperaTHbleé CPOCTKH C

VMHBIMHU JIETKUMH OCHOBHBIMH MHHepajiaMu mouB (penbn-
LITATAMH, CJIIOIAMH, TJIMHUCTBIMH MHUHEpajiamu). DTHUM
OOBSCHSETCS HAIMYME aHOMAJIBHBIX COJACPKAHHMIA HA3BaH-
HBIX JJIEMEHTOB HE TOJBKO B CaMOW TsDKEJIOW MHHe-
paneHO# ¢dpakuuu mous (puc. 3). B menuroBoit dpaxiumy,
OT COJECP)KAHUSI KOTOPOH B IMOYBAX B OCHOBHOM H 3aBHUCAT
AQHOMAJIbHbIE CO/IEPKAHUS 3TUX MHUKPO3JIEMEHTOB B IIEJIOM,
UM, KpOMEe MHUHEpallbHOHM, NpHUCylla U COPOUUOHHAS
dbopma, ocobeHHO Ooyee TMOIBIKHBIX B BOJHOW cpere
anemenToB (Y, La). YacTh cOpOMPOBAHHBIX MOHOB 3THX
9JIEMEHTOB HMMEET TEXHOTEHHYIO IMPHPOAY U TOIajaeT B
MouBy ¢ (GochOpHBIMI yIOOPEHUSIMI.
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