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The mineralogical study of the fine fraction (<0.1 mm) allows us to conclude
that according to the contribution of certain elements from carrier heavy minerals
to the fine fraction (<0.1 mm), the elements studied could be subdivided into three
groups: 1 — elements least dependent on the content of heavy minerals: P, Al, Zn
(contribution from the host minerals is <10%), 2 — elements moderately dependent:
Ti, V, Fe and Ni (contribution is 10-50%), 3 — elements strongly dependent: Zr, Nb,
Y, La, Mn, Co (contribution > 50%).

In spite of the low content of heavy minerals in the sample studied, absolute
accumulation of Zr and Nb, as well as strong accumulation of Y, La, Mn, and Co
in the fine fraction could be explained by the high concentration of the elements in
their carrier heavy minerals. Low contributions of other elements from their host
heavy minerals indicate their preferred accumulation in other modes of occurrence,
such as in the lattice of light minerals, in secondary minerals formed during weat-
hering or in adsorbed forms.
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INTRODUCTION

rals, clay particles and different types of secondary
oxides / hydroxides. The aim of this work, employ-

A high total concentration of certain elements
in the fine fraction (<0.1 mm) of soil samples com-
pared to the fraction <2 mm of the whole sample
has been reported by several authors (e. g., Balta-
kis, 1993; Gregorauskiené¢ and Kadiinas, 1999). Ele-
ments in the inorganic part of a soil are accumula-
ted according to the original mineral distribution in
various grain-size fractions, and elemental concen-
trations depend on the abundance of primary mine-
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ing a more or less theoretical approach, was to de-
termine and quantify the host minerals for selected
elements analysed by chemical methods in the fine
fraction (<0.1 mm) based on investigation of the
primary heavy minerals in the same fraction. The
soil sample was chosen so as to represent the ol-
dest soil of Lithuania. This study has been supported
by CIMO, the Geological Survey of Finland (GTK)
and the Institute of Geology, Lithuania (GI).
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MATERIAL AND METHODS

All mineralogical studies were conducted at the Re-
search Laboratory of GTK. The soil sample studied
was taken from the A, horizon (depth 5-15 cm).
The uppermost part of the soil rich in organic mat-
ter was removed before sampling; roots and other
coarse organic particles were removed during the
sampling. In order to facilitate mineralogical analy-
sis, pre-treatment of the soil was carried out by re-
moving organic matter using hydrogen peroxide at
gradually increasing concentrations (from 3 to 30%).
A strong oxidizing solution could also cause partial
extraction of Fe oxides, dissolution of carbonates
and weak alteration of chlorite and mica (Tiessier
et al., 1979). Manganese oxides / hydroxides as well
as different sulphides could be dissolved during this
treatment (Chao, 1972). After pre-treatment, inor-
ganic matter was dry-sieved into two fractions: coarse
(2-0.1 mm) and fine (<0.1 mm). The fine fraction
was separated into two fractions using a heavy li-
quid (D 2.78, slightly diluted bromoform). By eva-
luating XRD studies on both fractions, the heavy
fraction was chosen for further mineralogical analy-
sis. A polished thin section of heavy minerals was
made from the heavy fraction and about 1000 mi-
neral grains were identified using a Jeol 5600-LV
scanning electron microscope. Mineral identification
was made by comparing the obtained EDS spectra
of grains to an EDS data base of known mineral
species at the Research Laboratory.

For chemical analysis, the fine fraction was
dry-sieved into two fractions, <0.063 mm and
>0.063 mm. Further particle-size separation of the
fraction <0.063 mm into fractions <0.005 and
>0.005 mm was conducted according to Stokes’s
law. All fractions including the primary inorganic
sample were analysed at the GTK Geolaboratory
by ICP-AES and ICP-MS methods for main and
trace elements.

For evaluation of the accumulation of elements
in the fine fraction (<0.1 mm), the coefficient of
accumulation (Cac) was determined by dividing the
content of the element in the fine fraction by its
content in the fraction <2 mm of a pre-treated inor-
ganic soil sample. Correspondingly, for evaluation
of the accumulation and distribution of elements in
the different grain size separates of the fine frac-
tion, the Cac was calculated by dividing the content
of an element in each grain-size separate by its con-
tent in the fraction <2 mm of a pre-treated inorga-
nic soil sample. The estimation of the distribution
of an element among the possible carrier minerals
in the fine fraction was based on the content of the
carrier phase (%) in the heavy mineral fraction, ave-
rage content of the element in the carriers (cf. Lei-
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bovitz et al., 1983) and the relative proportion of
the heavy fraction in the fine fraction. We agreed
to designate as the carrier phase of an element a
mineral containing that particular element as the
main constituent.

SOIL OF ASMENA HIGHLANDS

The soil of ASmena Highlands formed from glacial
till of the Medininkai (Wartian / Upper Saalian) of
the Middle Pleistocene glaciation. The till was sub-
jected to post-depositional weathering and soil-for-
ming processes for 100000 years longer than the
other Lithuanian glacial sediments formed during
the Nemunas (Weichselian) glaciation of the Upper
Pleistocene. This caused more intensive chemical and
physical disintegration of detrital minerals and leach-
ing of certain elements, as well as migration of fine
and especially clay particles downwards within the
soil profile. This resulted in a relative enrichment
of resistant minerals in the upper soil horizon and
in a relative depletion of elements present in clay
minerals. Consequently, a natural geochemical ano-
maly was generated in the soil (Kadiinas, 1999). For
the purpose of explaining the origin of this type of
anomaly, the inorganic soil sample (<2 mm) was
primarily dry-sieved into a coarser (2-0.1 mm) and
a finer (<0.1 mm) fractions. Later both of them
were further separated into finer fractions for che-
mical and mineralogical analysis. Analysis of the fi-
ne fraction was included as part of the anomaly
investigation.

RESULTS AND DISCUSSION

Compared to the pre-treated inorganic sample
(<2 mm), the elements chemically analysed (for list
of elements see Fig. 1) were found to be enriched
in the fine fraction (<0.1 mm). According to the
calculated Cac, all elements studied could be divi-
ded into 3 groups: (1) intensively accumulated ones
with Cac > 3 (Zr, Ag, Cr), (2) moderately accumu-
lated with Cac = 2-3 (Yb, Ti, P, V, Y, Zn, Sc, Th,
U, Cu, Co, Nb, La), and (3) slightly accumulated
with Cac < 2 (all other elements). The major ele-
ments (Fe, Mn, Al) belong to the group of slightly
accumulated elements (Fig. 1).

Almost all the elements studied accumulate more
intensively in the clay-sized separate (<0.005 mm) of
the fine fraction. The clay-sized separate shows a pro-
nounced accumulation of P (Cac > 11) and strong
accumulation of Cu, Zn, Ni, Co, Cr, V, Sn, Fe, Mn
(Cac > 5). Moderate accumulation (Cac > 3) was
shown by Sc, Ga, La, Nb, Ti, Th, Al, Rb, U. Other
elements accumulate slightly. It is noteworthy that Zr
ascribed to the group of elements intensively accumu-
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Fig. 1. Accumulation of elements in the fine fraction (<0.1 mm) of soil

(A, horizon)

1 pav. Cheminiy elementy kaupimasis ASmenos aukStumy dirvoZzemio A,
horizonto smulkiojoje frakcijoje (<0,1 mm)
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Fig. 2. Accumulation of elements in separated subfractions of the fine
fraction (<0.1 mm) of soil (A, horizon) of ASmena Highlands, Lithuania
2 pav. Cheminiy elementy kaupimasis ASmenos aukStumy dirvoZemio A,
horizonto aleuritingje ir pelitinéje frakcijoje

lating in the fine fraction shows a pronounced accu-
mulation in the aleuritic part (0.063-0.005 mm) of the
fine fraction and not in the clay. Ag was more evenly
distributed within all separates of the fine fraction

(Fig. 2).

Zr, Nb, Yb, Ti, Y and
La, which are rendered to
be immobile or only slightly
mobile during soil forming
processes, are characteristi-
cally hosted by the most re-
sistant heavy minerals. Pre-
vious investigations of the
total chemical composition
of grain-size fractions of soil
from ASmena Highlands
showed the highest content
of Ti, Zr, Y, Yb, Ag and
Mn in the heavy fraction of
the fine sand fraction (Va-
reikiené, 2001). This allowed
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us to suggest that the carrier mine-
rals could, by analogy, explain an in-
creased content of these elements in
the fine fraction. The other elements
studied usually occur only partly in
primary heavy minerals and obvious-
ly they have other modes of occur-
rence.

To test this hypothesis, XRD ana-
lyses of the fine fraction were per-
formed. According to the XRD da-
ta, the most abundant minerals in
the light fraction include quartz,
K-feldspar, plagioclase, dioctahedral
mica (mostly illite) and chlorite. Clay
minerals of neither the kaoline group
nor the smectite group were encoun-
tered (Fig. 3). A decreased adsorp-
tion capacity of the fine fraction fol-
lowed, and thus the elements were
almost exclusively hosted by the pri-
mary minerals and secondary Fe-Mn
oxides / hydroxides that remained af-
ter the pre-treatment.

Electron optical imaging and
spectral analysis of the heavy frac-
tion showed that the predominant
minerals include amphibole (mostly
hornblende), epidote, garnet, ilmeni-
te, rutile, clinopyroxene (mostly diop-
side) and zircon. Because of structu-
ral changes which occurred both dur-
ing primary weathering and after
pre-treatment of the sample, the mi-
ca minerals with their alteration pro-

ducts up to chlorite and a minor amount of other
minerals, such as weathered amphibole, pyroxene
and epidote, are included in the group of unrecog-
nised minerals. For the purpose of theoretical cal-

f

o
0

T30 230 170 140 120 100 90 80

70 50 50
d-spacing (A)

Fig. 3. XRD analysis of clay minerals in the fine fraction (< 0.1 mm) of ASmena

Higlands, Lithuania

3 pav. ASmenos auk$tumy dirvoZemio A horizonto molio mineralai (rentgenograma)
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culations, biotite was chosen as the
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Tourmaline, sphene, apatite, mo-
nazite and hematite were subordina- o
te heavy mineral species in the frac- 6
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origin in the bedrock of the prove-
nance, their physical properties and
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the initial grain size. The major part
of the most abundant minerals, most-
ly amphibole, pyroxene and garnet,
was inherited from rocks of the Fen-
noscandian Shield and eroded, trans-
ported and deposited by glaciogenic
processes during the Medininkai

Fig. 4. Distribution of heavy minerals in the fine fraction (<0.1 mm) of
soil (A, horizon) of ASmena Highlands, Lithuania

4 pav. Sunkiyjy mineraly pasiskirstymas ASmenos aukStumy dirvozemio A,
horizonto smulkiojoje frakcijoje (<0,1 mm)
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(Wartian / Upper Saalian) glaciation
of the Middle Pleistocene. The most
resistant minerals, such as rutile, zir-
con, tourmaline, ilmenite and possib-
ly some other minerals were recyc-
led from various types of pre-Qua-
ternary sedimentary rocks which un-
derwent several prolonged periods of
intense chemical weathering. An ex-
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traordinary high content of ilmenite
(more than half of the heavy frac-
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element

tion) is characteristic of the aleuritic
fraction of pre-Quaternary deposits
(Mozanasuuyc, 1974).

Although heavy minerals account
for only 1.67% of the fine fraction,
they could be important carriers of
many elements in soil. The elements
of the above-mentioned major groups
are found as main and trace elements in a variety
of minerals, but the contribution of Fe and Al to
the fine fraction from the corresponding host mine-
rals is low (about 12% for Fe and <3% for Al),
while the contribution of Mn amounts to 60% (Fig.
5). Calculations based on the mineral chemistry of
the carrier minerals in the heavy fraction show that
ilmenite, amphibole, hematite, biotite and epidote
are the main mineral sources of Fe in the fine frac-
tion. In spite of the high average content of Fe in
hematite, ilmenite and amphibole are the main con-
tributors due to their high abundance (Fig. 6a). Spes-
sartine (with a contribution exceeding 30%) seems
to be the main source of Mn, ilmenite and alman-
dine are less important (with a contribution in the
range 6-10%), while other Mn-containing minerals
only insignificantly influence the total amount of Mn

sudét
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Fig. 5. Total contribution of selected elements from their carriers (heavy
minerals) in their total amount in the fine fraction (<0.1 mm) of soil (A,
horizon) of ASmena Highlands, Lithuania

5 pav. Atskiry elementy jnasas i$ sunkiyjy mineraly-neséjy i bendra AsSme-
nos aukStumy dirvoZemio (A, horizontas) smulkiosios frakcijos (< 0,1 mm)

in the fine fraction (Fig. 6b). The contribution of
Al from the host heavy minerals is less than 3%,
the main mineral sources of Al are epidote, amphi-
bole and a wide group of other minerals (e. g., stau-
rolite, clinopyroxene, grossular, xenotime, sphene)
that contain Al only in traces (Fig. 6c¢).

The highest contents of P, which is moderately
accumulated in the fine fraction and most intensi-
vely accumulated in the clay-sized separate, are usu-
ally found in apatite and monazite. However, the
contribution to the total amount of P from these
carriers is low, reaching about 4% from apatite and
less than 1.5% from monazite (Fig. 6d). The total
contribution of P from host heavy minerals is low
and makes up only about 6% (Fig. 5). The direct
determination of all phosphate minerals in soils is
difficult due to the complex chemistry and transfor-
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mation processes in soil phos-
phates. Detrital phosphate mi-
nerals comprise only a small
part of the total inorganic mat-
rix of soil. Approximately 30
phosphate minerals have been
reported in soils, but a consi-
derable fraction of P is present
in organic forms or as adsorbed
P (Dixon J. B., 1977).

The contents of Zr, Ti, Y,
Yb, La, which were attributed
to the groups of intensively (Zr)
and moderately (Ti, Y, Yb, La)
accumulated elements in the fi-
ne fraction (Fig. 1), are almost
exclusively dependent on the
contents of their host heavy mi-
nerals. Here they form the ma-
jor constituents, for example, Zr
in zircon and Ti in rutile and
ilmenite. In some minerals, a
particular element is present in
traces, e. g. Y in zircon, Zr in
xenotime and staurolite, and Nb
in rutile and sphene. Consequ-
ently, a high contribution of Zr,
Y, Nb, La, Ti in the heavy mi-
neral fraction may be expected.

Quantative distribution of Zr
and Nb is predicted by the
abundance of the corresponding
main carrier minerals, namely
zircon for Zr and rutile, sphe-
ne and to a less extent ilmenite
for Nb (see Fig. 6 e, g). The
content of zirconium in the
most resistant and abundant Zr-
-mineral, zircon, is on average
about 45%. In natural com-
pounds, Zr is isomorphic with
Ti, Nb, Th, rare-earths, Ca, etc.
Isovalent isomorphism with Ti
is revealed in zirconium in tita-
nium minerals, in ilmenite Zr
may replace iron. The presence
of Zr in sphene could be un-
derstood through the following
mechanism: Ca?*+ Ti**
~ Zr** + (Mg, Fe)**. The sa-
me scheme of isomorphism is
assumed for titanoferous gar-
nets. In other minerals Zr oc-
curs in very small amounts. Nb
is dispersed mostly as an iso-
morphic inclusion in titanium,

13
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zirconium and iron minerals.
The heterovalent isomorphism
of Nb is very pronounced, it
is usually subdivided into two
classes: 1) Nb (V) replaces
certain tetravalent cations (Ti,
Zr, Sn), and 2) Nb (V) repla-
ces trivalent cations (Fe,
REE). The first type of hete-
rovalent isomorphism, charac-
terized by the substitution of
Nb for Ti and Zr, is most
common (Vlasov K. A., 1966).
The particularly close geoche-
mical relationship between Nb
and Ti explains the high Nb
contribution from the main
carrier minerals to the fine
fraction: rutile (about 64%),
sphene (up to 25%), ilmenite
(about 5%) (Fig. 6g). The to-
tal average contributions of Zr
and Nb from respective host
heavy minerals amount to
100% (Fig. 5). Yttrium con-
tribution to the fine fraction
is found to be highest from
zircon, xenotime and sphene.
Monazite and sphene account
for La contribution. Total con-
tributions of Y and La from
host minerals are more than
50%. The contribution of Ti
from host minerals reaches up
to 40% and results mainly
from such carrier minerals as
rutile, ilmenite and to some
extent from sphene. Clay-sized
anatase crystals are usually
formed in the soil environ-
ment during the weathering
processes (Dixon J. B., 1977)
and they could be the main
carriers of Ti in clay-sized se-
parates.
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Fig. 6. Estimation of the contribution of the elements from carrier
heavy minerals to their total amount in the fine fraction (<0.1 mm)
of soil (A, horizon) of ASmena Highlands, Lithuania

6 pav. Elementy jnasas i§ sunkiyjy mineraly-nes¢jy i bendra ele-
menty kiekj ASmenos aukStumy dirvozemio A horizonto smulkiojo-
je frakcijoje (< 0,1 mm)

It has been noted that out of the ele-
ments predominantly accumulated in the
clay-sized separate, only the contribution of
Co from host minerals is high (>50%), while
the contributions of Zn, Ni and V are low
and do not exceed 30% (Fig. 5). This indi-
cates a preferable accumulation in other mo-
des of occurrence, such as in the lattice of
light minerals and other minerals formed du-
ring weathering, or adsorbed as ions on the
surface of weathered minerals and covered
and protected by subsequent precipitation of
secondary oxides / hydroxides. Since their
coefficients of accumulation are very high in
the clay-sized separate, is suggested that the
increase can be attributed to the presence of
very low levels (mostly <0.002 mm) of se-
condary Fe and Mn oxides / hydroxides,
which mostly precipitated on the surface of
detrital crystals and remained after the pre-
treatment of the sample.

The explanation of the origin of the
increased content of Ag, Cr, Ba, Sr and
some other elements analysed requires ad-
ditional studies of the chemical composi-
tion of both the light and the heavy frac-
tions as well as identification of the light
minerals of the fine fraction.

CONCLUSIONS

The current study allows to conclude that
according to the contribution of certain
elements from carrier heavy minerals to
the fine fraction (<0.1 mm), the elements
studied could be subdivided into 3 groups:
1 — elements least dependent on the
content of heavy minerals: P, Al, Zn (con-
tribution from the host minerals is <10%),
2 — elements moderately dependent: Ti,
V, Fe and Ni (contribution is 10-50%),
3 — elements strongly dependent: Zr,
Nb, Y, La, Mn, Co (contribution > 50%).
In spite of the low content of heavy
minerals in the sample studied, absolute
accumulation of Zr and Nb, as well as
strong accumulation of Y, La, Mn and Co
in the fine fraction could be explained by
a high concentration of the elements in
their carrier heavy minerals. Low contri-
butions of other elements from their host
heavy minerals indicate their preferred ac-
cumulation in other modes of occurrence,
such as in the lattice of light minerals, in
secondary minerals formed during weat-
hering or in adsorbed forms.
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The approach used in this attempt to quantify
the contribution of various mineral species to the
chemical composition of the sample proved to be
feasible; the results achieved were reasonable, des-
pite the fact that sources of potential errors were
not determined. These errors include: (1) separa-
tion of lighter and heavier minerals during sample
preparation, (2) large grain size distribution in the
fractions studied, (3) lack of density and areal di-
stribution corrections, (4) statistical errors caused
by the use of an average chemical composition of
minerals from a data base, which was not created
from the minerals of the study material, and 5) cal-
culation of elemental contribution from a group of
unrecognized minerals only as from one mineral
(biotite). The ongoing research will focus on impro-
ving the accuracy of the results through an approp-
riate estimation of the sources of errors.
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KAI KURIU ELEMENTU MINERALINES BUVIO
FORMOS ASMENOS AUKSTUMU DIRVOZEMIO
(A, HORIZONTAS) SMULKIOJOJE FRAKCIJOJE
(< 0,1 mm)

Santrauka

Mikroelementy kiekis dirvozemyje labai priklauso nuo jy
kiekio smulkiojoje frakcijoje (< 0,01 mm). Elementai Sioje
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dirvozemio dalyje pasiskirsto priklausomai nuo pirminiy mi-
neraly sudéties, molio daleliy ir jvairiy antriniy oksidy bei
hidroksidy gausos. Sio darbo tikslas buvo nustatyti pasirink-
ty elementy mineralus-nes¢jus seniausiame Lietuvos dirvo-
Zemyje, susidariusiame prieSpaskutiniojo ledynmecio (Me-
dininky) nuogulose.

DirvoZzemio meginys paimtas i A, horizonto (5-15 cm
gylio). Organiné medziaga ardyta panaudojus laipsniskai di-
déjancias H,O, koncentracijas (nuo 3 iki 30%). Likusi mine-
raliné méginio dalis sietais padalyta j stambiaja (2-0,1 mm)
ir smulkiaja (< 0,1 mm) frakcija. Paskutinioji frakcija pra-
skiestu bromoformu (d-2,78) padalyta i lengvaja ir sunkiaja
frakcija, kurios pirminiam mineraly pasiskirstymui jvertinti
buvo analizuojamos XRD metodu. Apie 1000 sunkiyjy mi-
neraly griideliy identifikuota skenuojanciu elektroniniu mik-
roskopu. Visos frakcijos, kaip ir pirminis meginys, analizuo-
tos ICP-AES ir ICP-MS metodais, nustatant makro- ir mikro-
elementy kiekius. Elementy jnasas apskai¢iuotas panaudo-
jant procentinj atskiry mineraly pasiskirstyma sunkiojoje
frakcijoje, vidurkinius elementy kiekius mineraluose-nese-
juose ir santykinj sunkiosios frakcijos kiekj visame analizuo-
jamame smulkiosios frakcijos méginyje.

Visy cheminiy elementy kiekiai smulkiojoje dirvoze-
mio frakcijoje, palyginus su kiekiu visame dirvozemyje,
yra didesni. Pagal koncentracijos koeficientus visi elemen-
tai gali buti suskirstyti i tris grupes: intensyviai (Kk >3;
Ag, Cr ir Zr), vidutiniskai (Kk 2-3; P, V, Zn, Ti, Y, Sc,
Th, U) ir mazai besikaupiantys (Kk 1-2; visi kiti tirti
elementai) (1 pav.).

Smulkioje dirvoZzemio frakcijoje dauguma cheminiy ele-
menty koncentruojasi jos pelitinéje dalyje (2 pav.). Lygi-
nant su kiekiu visoje smulkiojoje frakcijoje, pelitineje jos
dalyje, labiausiai kaupiasi (Kk >5) P, Mn, Fe, Co, Cr,
Cu, Ni, V, Sn ir Zn. Pazymétina, kad smulkiojoje frakci-
joje intensyviausiai besikaupiantis Zr yra susijgs ne su pe-
litine, o aleuritine dirvozemio dalimi, o Ag pasiskirstes
tolygiai po visas frakcijas.

XRD analizé parode¢, kad lengvojoje frakcijoje labiau-
siai paplit¢ kvarcas, K-lauko Spatas, plagioklazas, diokta-
edrinis zérutis bei chloritas. Beveik neaptikta smektito bei
kaolino grupiy molio mineraly (3 pav.). Tai reiskia suma-
zejusj dirvoZzemio sorbcinio komplekso imluma, todel pa-
grindiniai elementy nes$¢jai smulkiojoje frakcijoje — pirmi-
niai mineralai ir antriniai oksidai / hidroksidai, islike me-
ginj apdorojus H,O,.

Elektroniné spektriné sunkiosios frakcijos analizé paro-
dé, kad labiausiai paplit¢ amfibolai (daugiausia raginuke),
epidotas, granatai, ilmenitas, rutilas, piroksenai (daugiausia
diopsidas) ir cirkonas. Biotito—chlorito serijos mineralai bei
maza grupé kity mineraly (amfibolai, piroksenai, epidotas
it kt.) dél identifikavimo sunkumuy, susijusiy su mineraly
struktiriniais pakitimais daléjimo bei méginio apdorojimo
metu, priskirti nenustatyty mineraly grupei. Turmalinas, sfe-
nas, apatitas, monacitas ir hematitas paplites vidutiniskai.
Ksenotimo ir chromito buvo aptikti tik mikrokiekiai (4 pav.).

Nors sunkieji mineralai sudaro tik 1,67% visos smulkio-
sios frakcijos, dirvoZemyje jie gali biti svarbiais elementy
nes¢jais. Pagal apskaiCiavimus, pagristus sunkiosios frakci-
jos mineraly chemine sudétimi, ilmenitas, amfibolai, bioti-
tas, hematitas, epidotas — pagrindiniai Fe mineralai-nes¢jai
smulkiojoje frakcijoje, nors ju bendras jnaSas ne didesnis
kaip 12% (5 pav.). Nepaisant auksto vidurkinio Fe kiekio
hematite, ilmenitas ir amfibolai dél ju gausumo gali biiti
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pagrindiniais Fe Saltiniais (6 pav., a). Spesartinas yra pa-
grindinis Mn ne$€jas, tuo tarpu kity mineraly-nesejy jtaka
bendram Mn kiekiui smulkiojoje frakcijoje menka (6 pav.,
b). Al inasas i§ mineraly-ne$éjy mazesnis nei 3%, pagrindi-
niai Al Saltiniai — epidotas, amfibolai (6 pav., ¢). Daugiausia
P paprastai yra apatite ir monacite, bendras P jnaSas i$ sun-
kiyjy mineraly nedidelis (5 pav.).

Zr ir Nb kiekiai visiSkai priklauso nuo jy mineraly-nese-
ju kiekio, pagrindinis Zr mineralas-nes¢jas — cirkonas, Nb —
rutilas, sfenas, maziau ilmenitas (6 pav., ¢, g). Zr kiekis
cirkone sudaro vidutini$kai apie 45%. Kituose mineraluose
Zr kiekiai labai mazi ir jy jtaka bendram Zr kiekiui smul-
kiojoje frakcijoje nedidelé. Nb daugiausia pasiskirsto kaip
izomorfine priemaiSa Ti, Zr ir Fe mineraluose. Labai arti-
mas geocheminis Nb ir Ti rySys nulémeé Nb paplitima pa-
grindiniuose mineraluose-ne$ejuose: rutile (apie 64%), sfe-
ne (iki 25%), ilmenite (apie 5%) (6 pav., g). Bendras Zr ir
Nb mineraly-neséjy inasas j juy kiekius smulkiojoje frakcijo-
je siekia 100% (5 pav.). Didziausias Y jnasas yra i§ cirkono,
ksenotimo ir sfeno, La — monacito ir sfeno. Siy elementy
bendri jnasai i§ mineraly-neséjy sudaro daugiau nei 50%. Ti
inaSas i§ mineraly-ne$¢juy i jo bendra kieki smulkiojoje frak-
cijoje sudaro apie 40% (5 pav.) ir yra didziausias rutile,
ilmenite, mazesnis — sfene (6pav., i).

Pazymétina, kad i$ elementy, intensyviai besikaupianciy
pelitingje frakcijoje, tiktai Co jnaSas i§ jo sunkiyjy minera-
ly-neséjy yra aukstas (> 50%), tuo tarpu Zn, Ni bei V
nevirsija 30% (5 pav.). Tai rodo juy kaupimasi kitose formo-
se: lengvuose mineraluose, sorbuotos formos antriniuose mi-
neraluose, susiformavusiuose diiléjimo procesy metu.

Pagal atskiry elementy jnasg i$§ sunkiyjy mineraly-nese-
ju i bendrg juy kiekj ASmenos aukStumy dirvoZemio (A, ho-
rizontas) smulkiojoje frakcijoje (< 0,1 mm), analizuojami
elementai gali buti suskirstyti j 3 grupes: 1) elementai, kuriy
kiekiai mazai priklauso nuo sunkiyjy mineraly kiekio — P,
Al, Zn (jnasas < 10%), 2) elementai, kuriy kiekis vidutini§-
kai priklauso nuo sunkiyjy mineraly kiekio — Ti, V, Fe ir Ni
(inasas 10-50%), 3) elementai, kuriy kiekis labai priklauso
nuo $iy mineraly kiekio — Zr, Nb, Y, La, Mn, Co (inasas >
> 50%). Bendras Zr ir Nb kiekis, taip pat didzioji dalis Y,
La, Mn ir Co bendro kiekio smulkiojoje frakcijoje gali bati
paaikinta jy kiekio priklausomybe nuo sunkiyjy mineraly
kiekio, nors Sie mineralai sudaro nedidele smulkiosios frak-
cijos dalj. Sie su akcesoriniais mineralais susije cheminiai
elementai smulkiojoje dirvozemio frakcijoje daugiausia ap-
tinkami kaip pagrindiniai mineraly elementai ir kaip izo-
morfinés priemaiSos. Kity cheminiy elementy kiekiai dau-
giau priklauso nuo lengvyjy pirminiy ir antriniy mineraly
kiekio bei nuo sorbuotos juy formos.

Oubra Bapeiikene, IOxkka Mapmo,
Banenrnnac Kanynac, Kpucrnan Jlunaksucr

MUWHEPAJIbHBIE ®OPMbI HEKOTOPBIX
SJIEMEHTOB B MEJKOW ®PAKLIUU
(<0,1 mm) TIOYB (TOPU3OHT A,
AUIMSTHCKOI BO3BBILIEHHOCTH

PesowmMme

CopepkaHusl JIEMEHTOB B MOYBaX B OCHOBHOM 3aBHCAT
OT MX CcolepkaHus B Menkoi ¢pakuun (<0,1 mm), B
KOTOPOW 3JIEMEHTHI PACIIpPEleNieHbl B 3aBHCUMOCTH OT
cocTaBa TEePBUYHBIX MHUHEPAJIOB, MIMHUCTBIX YaCTHUII, a

TaK)Ke Pa3IMYHBIX BTOPHUYHBIX OKCUIOB U THIPOKCHUIOB.
I'maBHas 3amaya 3TOH pabOTHI COCTOSIIA B OMpENeTICHUN
MUHEPATIOB-HOCUTENEH OTACTBHBIX (HEKOTOPBIX) dJIEMEH-
TOB B cTapeiieil mo4se, chOpMUPOBABIIECHCS B JICTHU-
KOBBIX OTJIOKEHHSX MPEANOCIeTHer0 M SIMHIHKCKOTO
oneneHeHUsT JINTBEL

O6paszen nous B3AT U3 ropusoHra A, (raybuna 5-
15 cm). Pa3znoxxeHne opraHM4ecKoro BEIIecTBa IMPOU3BeE-
neHo ucnonb3ys H,O,, ocTaBinasca MUHEpaibHas 4acTh
CETOBBIM METOAOM pa3zieieHa Ha KpynHyio (2-0,1 mm)
u Menkyio (<0,1 mMMm) dpakiun. Mcnomas3yss 4acTHYHO
pa3baBnennslii 6pomodopm (I — 2,78), mocrmemHss
dbpakius pasaeneHa Ha JIETKYIO U TSDKENyIo (Qpakiiuu,
KOTOpBbIE OBIIM aHAIM3UPOBAHBI PEHTTEHO-TU(PaK-
mroHHbIM MeTosoM (PAM). Oxomno 1000 oTaenbHBIX
MUHEPAJIOB HACHTU(DHUIIMPOBAHBI C MOMOIIBIO CKAHH-
pYIOIIETO 3JIEKTpOHHOTO MuKpockomna (COM). Hus
OTIpeIeTICHUs] MaKpO- U MUKPO3JIEMEHTHOTO COCTaBa BCe
¢pakun Obun ananusupoBansl UCIT-ADC u UCII-
MC mertonamu. st onpeneneHust BHOCA JIEMEHTOB U3
OTHENbHBIX MUHEPAJIOB OBUIM HCIOJB30BAHBI: IIPO-
LIEHTHOE pacIIpeliellcHe MHHEPAIOB B TsDKeloi (pak-
1IUM, CPENHUE CONEPKAaHWS JJIEMEHTOB B MHUHEpaIax-
HOCHTEISIX M MPOLEHTHOE COAEPKaHUe TsDKENIol (pak-
LU B MENKOH (pakuum.

CopepxaHus BCeX aHATM3UPYEMBIX 3JIEMEHTOB BBIIIC
B MEJNKON (ppakiMi MO CPABHEHUIO C MX KOJIMUYECTBOM
B IepBHUYHOM oOpaste. [To xoadduimenTaM KoHIIEHTpa-
UM JJIEMEHTHI TOApa3JelieHbl Ha Tpu Tpynmer: | —
WHTeHCHBHO HakarumBaromuecs (Kxk > 3) — Ag, Cr u
Zr, 2 — cpenne HakammuBamomuecs (Kk 2-3) — PV, Zn,
Ti, Y, Sc, Th, U n 3 — mano HakammuBaromuecs (Kx 1—
2) — Bce OCTajJbHbBIC 3JeMeHTHI (puc. 1).

B menkoif ¢pakuuu OONBIIMHCTBO 3JIEMEHTOB Ha-
KaIlUTMBAIOTCS B €€ TMeIUTOBOHM uactu (puc. 2), B KO-
TOpOH ormpe/eNeHbl Hanbonbinre konuuectsa P, Mn, Fe,
Co, Cr, Cu, Ni, V, Sn u Zn (Kx > 5). Hy’)KHO OTMETHUTb,
YTO MHTCHCUBHO HAKATUIMBAIOIIMIICS B MEIKOH (hpaKimu
Zr cBs3aH He C ee MEIUTOBOM, a C aJleBPUTOBON YaCThIO,
B TO BpeMs Kak cojepkaHue AQg paBHOMEPHO pacIipe-
JIETICHO O BCeM (PaKIUSIM.

ITo pesympratam PJAM, B Jnerkoit ¢pakuuu
HanboJjee pacmpocTpaHeHbl kBapil, K-moneBbie mmaThl,
IUIATHOKIIA3bl, AHOKTAdIPUYECKUE CIIONBI U XJIOPHT.
I'MuHuCTBIE MUHEpATTBI U3 TPYII CMEKTUTA U KaoJIWHA
He orpezesnieHbl (puc. 3). DTO NMpeaycIaBIuBaeT yMEHb-
IEHHYI0 COpPOLIMOHHYI0O €MKOCTh IIOYB, a TaKxke
HAKOIUICHHE 3JIEMCHTOB B OCHOBHOM B IIEPBHYHBIX MH-
Hepajax M BTOPHYHBIX OKCHAAX M THIPOKCHIAX.

ITo manaeIM aHanmu3a ¢ moMmonieio COM, B TsHKETONU
¢pakuun Haumbojee pacHpoCcTpaHeHbl aMpUOOIIbI,
SMHUIOT, TPAHATHI, WIBMCHUT, MUPOKCEHBI U ITHMPKOH.
Musepaiasl OMOTUTOBONH-XITOPUTOBON CepHM, KaK U
HeOoNbIIass YacTh IIEPBHYHO BBIBETPENBIX IPYTHX
MHHEPAJIOB, BKIIOYEHBl B TPYIITY HEONpPeaeeHHbBIX
MUHEpaJOB W3-3a TPYOHOCTEH WX WACHTU(DUKAIUH,
CBSI3aHHOM CO CTPYKTYpPHBIMH HW3MEHEHHSIMU KaK B
Ipoliecce BBIBETPUBAHMS, TaK M BO BpeMs 00pabOTKH
¢ H,O,. Ompenenenbl HeOONbIIME KOJIUYECTBA TYP-
MajinHa, cheHa, amaTUTa, MOHAIINTA, TeMaTUTa U OYeHb
Majbple — KCeHOTHMa U Xxpomwuta (puc. 4).
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XOTs TSDKENbIe MUHEPATIBI COCTABIISIIOT OYeHb MATYIO
MTPOLIEHTHYIO YacTh BCEH MENKOW (ppaKIMu, OHH MOTYT
OBITH OCHOBHBIMH HOCHUTENSIMU OTAETHHBIX 3JIEMEHTOB.
ITomcueTsl HA OCHOBE XUMIYECKOTO COCTABaA MIHEPAJIOB
TSDKENTON (pakiuy MoKa3ajd, YTO OCHOBHBIMM MHHEpa-
JTAMHU-HOCHUTEISIMU Fe SBISIOTCS WIBMEHUT, aM(pUOOIBI,
OMOTHUT, FeMaTHUT, SIHUI0T, XOTS 001Ul BHOC Fe u3 Mu-
HepaJioB cocTaBiisieT He Oosnbine 12% (puc. 5). Hecmort-
ps Ha BBICOKOE CpellHee collepkaHue Fe B remature,
WIBMEHUT U aM(HUOOIBI SBISIOTCS €r0 OCHOBHBIMHU HC-
TOYHUKaMH — HocuTelsiMu (puc. 6a). CreccapTuH — oc-
HOBHOW HOCHTENb Mn, ocTaibHBIE MHHEPABl B MaJOn
CTETIeHN BJIUSIIOT HA €r0 CONIEp)KaHMe B MENKoi (ppax-
mun (puc. 6b). OcHoBHBIE MHUHepaibl-HocHTenn Al —
anuaoT ¥ amduodonsr (puc. 6¢). O6mwmit BHoc Al u3
muHepaioB <3% (puc. 5). O6muii BHOC P 13 MuHepanos
HeOOMBIION (pUC. 5), OCHOBHBIE MHUHEPAIbI-HOCUTEHN —
armaTUT U MoHanuT (puc. 6d).

Conepxanuss Zr u ND moNHOCTBIO 3aBUCST OT KO-
JITYECTBA MX MUHEPAJIOB-HOCHUTEICH, OCHOBHOW MIHe-
pan-HocuTenb ZI — IUPKOH, B JAPYTUX MHUHEpajax ero
KOJTMYECTBO HEeOONbIIOE W HE BIHMSIET HAa €ro comuep-
XKaHUe B MeNKoi ¢paxiym (puc. 6€). OCHOBHbIE MUHE-
panel-Hocuten Nb — pytun (BHoc 64%), chen (BHOC
OoKoJIO 25%), B MEHBIIEH CTeNeHW WIBMEHUT (BHOC
okojo 5%) (puc. 6g). O6umit BHoc Zr u Nb m3 ux
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MUHEPAJIOB-HOCUTEIEH B HUX COJEp)KaHUE B MEIKOH
¢pakuuu cocrasisger 100% (puc. 5). LIupkoH, KCEHOTUM
U cheH SBJISIOTCA OCHOBHBIME HocuTemsimu Y (puc. 6h),
a MoHamuT U cheH — La (puc. 6f). OOmuit BHOC 3TUX
9JIEMEHTOB M3 MX MUHEPAJOB-HOCHUTEJEH COCTaBIISET
<50%. Buoc Ti HanbobIIMiA U3 pyTHUIa, WIbMEHHUTA, B
MEHbIIel crereHu u3 cdeHa (puc. 6i), obumii BHOC Ti
U3 €ro MHUHepajlioB-HocuTenel cocrasisier okoino 40%
(puc. 5).

N3 smeMeHTOB, WHTEHCHBHO HAKaIUTMBAIOIIMXCS B
MIETTUTOBOM (PpaKIUH, TOIbKO BHOC CO U3 eT0 MUHEPAJIOB-
HocuTenel Beicokuii (>50%), B TO BpeMsi Kak OOIIHit BHOC
Zn, Ni u V ne npessiiiaer 30% (puc. 5). To yka3biBaeT
Ha pyrue uX (GOpMBI HAKOIUICHHS: JIETKHE MUHEPAJHI,
BTOPHUYHBIC MUHEPAJIbI, COPOUPOBAHHBIE (DOPMEI.

OTnenbHbIe 3JIeMEeHThl Melkoi (pakimu (<0,1 Mm)
1ouB (ropu3oHT A,) AIIMSHCKOH BO3BBILIEHHOCTH IO
WX BHOCY M3 MHHEPAJIOB-HOCHTENEH MOTYT OBITH IOA-
pas3meneHsl Ha 3 Tpymmbl: | — 3JE€MEHTHI, HAKOIUICHHUE
KOTOPBIX CIa00 3aBHCHT OT COIEpKaHUS MHHEpPATIOB-
mocuteneit: P, Al, Zn (Buoc <10%), 2 — 3J€MEHTHI,
HAKOIUICHHE KOTOPBIX CPEIHE 3aBHCHUT OT COACPIKAHUS
muHepanoB-Hocuteneit: Ti, V, Fe u Ni (BHoc 10-50%),
3 — 3IMeMeHTHI, HAKOIUIEHHEe KOTOPBIX CIUIBHO 3aBUCHT
OT cojepkaHusi MuHepanos-Hocureneit: Zr, Nb, Y, La,
Mn, Co (BHoc >50%).



