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The longer duration of weathering and climate changes have caused a relative enrichment of soil
by weathering-resistant heavy minerals and allotigenic accessory elements Y, Yb, La, Ti, Zr, Nb (AAE)
bound to them. For this study, particular Lithuanian soil regions where soils have been formed on sedi-
ments of the last but one glaciation and various deglaciation phases of the last glaciation, and where
the highest content of AAE was found were selected. In each region, links between the importance of
AAE in the factor loading matrix (AAE importance) and soil age, content of clay based on its content
in differently grain-sized soil types and soil anomalousness were evaluated. Analytical results of the
<1 mm soil fraction obtained by atomic emission spectrophotometry for the Lithuanian geochemical
atlas were used for this study. In each soil region, sandy, sandy-loamy and loamy-clayey soils were stud-
ied without classifying them according to the genesis of soil-forming sediments but dividing according
to their anomalousness. Factor analysis was applied for primary, anomalous and un-anomalous data.
For evaluating AAE importance, only associations of the first three factors with the total percentage of
variance more than (or cloze to) 50 were considered. The applied significance level for factor loading
was 0.01. The importance of AAE was evaluated taking into account the rank of the factor (according
to factor variance percentage), the values of significant AAE loadings on the factor and the proportion
of AAE and other trace elements in the group with significant factor loadings. In soils of the ASmena
Highlands, which are the oldest in Lithuania, the importance of AAE is in inverse ratio with clay content
in soil. In soils of the Lower Nemunas Plain, which are younger than soils of the ASmena Highlands, the
importance of AAE is in direct ratio with the content of clay and soil anomalousness. With an increase
of clay content, the importance of AAE increases both in un-anomalous and in anomalous soils. In soils
of the Masa-Nemunélis Plain, formed on the youngest soil-forming sediments of Lithuania, both in
primary and anomalous soils the first factors are formed by mixed associations of AAE and allotigenic
elements (AE), where the importance of AAE decreases with an increase of clay content in soil. Age
differences of soils formed on glacial sediments of the last but one and the last glaciation are mostly
revealed through links between AAE importance and clay content in soil. The differences of AAE im-
portance in soils formed on sediments of different phases of the last glaciation are mostly related to
more distinct changes of the factors with which AAE correlate, and purer AAE associations in soils of
the Lower Nemunas Plain than in soils of the Ma$a-Nemunélis Plain.
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INTRODUCTION

tions in soil, the application of factor analysis in Lithuania was
started in 1988 at the Geochemical Department of the Institute

When natural or anthropogenic changes of the environment
or its particular components are investigated, factor analysis
is applied for data treatment (Birke etal., 1993; Morsy, 1993;
Ramanathan etal., 1996; De Vivo etal., 1997, Gupta, 1998;
Bityukova et al., 2000; Heemken et al., 2000; Reimann et al.,
2002; Sajn, 2006). To reveal trace element paragenetic associa-

of Geology (Baltakis, 1993). It was revealed that geochemical pe-
culiarities of natural (uncontaminated) soils are predetermined
by two main associations of trace elements related to different
carriers. These associations were called lithogenic and clastogen-
ic (Baltakis, 1993; Kadiinas et al., 1999a) or otherwise allotigenic
and allotigenic accessory (Kadinas et al., 1999b). The respective
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trace elements can be denominated as allotigenic (AE) or alloti-
genic accessory (AAE).

Allothigenic accessory association is formed by trace ele-
ments (Ti, Zr,Nb, Y, Yb, La), which are related to weathering-re-
sistant accessory heavy minerals. They accumulate in different
grain-size fractions, although their greater part is found in silt
and sand fractions which are enriched in their mineral carriers.
Generalisation of AAE into allothigenic accessory association is
partly relative, because part of AAE can exist in other modes of
occurrence. It is known that the composition of paragenetic as-
sociations depends on mineral and grain-size composition, the
age and origin of soil-forming sediments (Kadinas et al., 1999a;
1999b). However, little is known about the reasons that prede-
termine the variation of the importance of trace element groups
according to loadings on factors arranged in descending order
of variance. A longer duration of the weathering and climate
change predetermines a relative enrichment of soil in weath-
ering-resistant heavy minerals and related AAE. Therefore, the
unequal time-span of weathering and climate change in various
soil regions should be reflected in the different content of AAE
in soil and should lead to their different importance in factor
loading matrices.

The aim of this research was to evaluate links between AAE
importance in factor loading matrix (AAE importance) and soil
age, the content of clay and anomalousness in different soil re-
gions of Lithuania, where soils have been formed on sediments
of the last but one glaciation and various deglaciation phases of
the last glaciation and where the highest content of AAE was
found, without taking into account the origin of soil-forming
sediments. In this way, the purpose was to find out the statisti-
cal expression of soil geochemical variation. Although there are
many factors that simultaneously influence factor analysis re-
sults, this research is likely to be a new step in their clarification
and will be useful for revealing the regularities of soil geochemi-
cal variation.

METHODS

Object. Soil geochemical data stored at the Environmental
Geochemistry Department of the Institute of Geology and
Geography and obtained for compiling the Geochemical Atlas
of Lithuania (Kadanas et al., 1999a) were used for factor analy-
sis. Positive geochemical anomalies were revealed during the
investigation of trace element distribution on the territory of
the country (Kadanas, 1999). From all Lithuanian soil regions,
those with the most contrasting multi-element anomalies and
one of the highest contents of AAE were selected. Besides, the
anomalies were chosen in soil formed on sediments of differ-
ent age glaciation: in the A$mena Highlands - of Medininkai
(Upper Saalian) glaciation, in the Lower Nemunas Plain and the
Muasa-Nemunélis Plain - of different phases of the Nemunas
(Weichselian) glaciation (Mid-Lithuanian phase and North-
Lithuanian phase, respectively) (Figure).

The initial data set from the ASmena Highlands contains
analytical results of 48 soil samples obtained by atomic emis-
sion spectrophotometry (16 sandy, 17 sandy-loamy and 15
loamy-clayey samples), from the Ma$a—Nemunélis Plain - of
119 samples (37, 42 and 42, respectively), from the Lower

Nemunas Plain - of 152 samples (50, 47 and 55, respectively).
The methods of soil sampling and sample preparation for
analysis are described in earlier publications (Kadinas et al.,
1999a). The following variables were used in factor analysis:
loss on ignition (LOI), pH and the contents of 25 trace ele-
ments (Li, B, Ga, P, Mn, Ti, V, Cr, Co, Ni, Cu, Zn, Pb, Mo, Ag, Sn,
Zr,Nb,Y, La, Yb, Sc, Ba, Sr, Rb).

Data selection and treatment. In each soil region, the prima-
ry data sets of sandy, sandy-loamy and loamy-clayey soil were
selected without classifying them according to the genesis of
soil-forming sediments. They were subdivided into un-anoma-
lous and anomalous subsets. The samples with the content of
at least one element exceeding the upper limit X + 2§, where
X is the mean value and § is the standard deviation of element
content in Lithuanian soils, were attributed to the anomalous
subset of a soil region. In this way, all samples with an anoma-
lous content of at least one AAE were classified to the subset
of anomalous samples. The remaining samples were attribut-
ed to the un-anomalous subset of the region. Factor analysis
was applied for the primary data set and for un-anomalous
and anomalous subsets. Due to the small number of anoma-
lous samples from the A$mena Highlands, factor analysis for
anomalous and un-anomalous subsets of this region was not
performed.

For evaluating the accumulation of different AAE in various
grain-size types of a soil region, the coefficients of accumulation
(Kk) were calculated by dividing the median contents of ele-
ments in each grain-size type of soil in the region by respective
background values determined in the whole country. For evalu-
ating the accumulation of all AAE in various grain-size types of
soil in a region, the coefficient of accumulation of AAE associa-
tion (Kkac) was calculated as the average value of six coefficients
of accumulation.

Variation of AAE importance was revealed through parage-
netic associations in a sorted factor loading matrix, obtained by
principal component analysis with varimax rotation applying the
SPSS statistical package. Pearson correlation coefficients were
calculated for data logarithms. To simplify the research, several
limitations were introduced. Firstly, only the main associations
related to the first three factors with cumulative factor variance
percentage exceeding or close to 50 were taken into account. So
the relation of some AAE to further factors was considered to
be of a low relative importance. Secondly, the significance level
0.05 for factor loading was changed to 0.01. The aim was to min-
imise the overlap of paragenetic associations related to different
factors and to reduce the number of elements in associations.
When the latter is too great, the prevalence of AE over AAE is
more probable. So elements with less significant loadings were
considered to be of a low relative importance. The elements that
are correlated with the given factor stronger than with the other
factors belong to the factor kernel (Zinkuté, 2002). The elements
that do not belong to the factor kernel, but are significantly as-
sociated with it, in tables below are shown in parentheses. The
importance of AAE was evaluated in a complex way: according
to rank of the factor predetermined by variance percentage, val-
ues of significant AAE loadings on the factor and the proportion
of AAE and other trace elements in the group with significant
factor loadings.
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Figure. Areas of the Lithuanian soil regions
studied.

Soil regions (after Lietuvos TSR. . ., 1981): A — the
ASmena Higlands, LN — the Lower Nemunas Plain,
MN — the Misa-Nemunélis Plain. Limits of some
of deglaciation stages of the last (Weichselian,
Nemunas) glaciation (after Gaigalas, 2001):

GR — Grida (Brandenburg) stage (or limit of

the maximum extention of the last glaciation),
ML — Middle-Lithuanian phase, NL — North-
Lithuanian phase

Pav. Tirty Lietuvos dirvozemiy rajony plotai.
Dirvozemio rajonai (pagal Lietuvos TSR. .., 1981):
A — ASmenos aukStumos, LN — Nemuno Zemupio
lygumos, MN — MaSos-Nemunélio lygumos.

Kai kuriy paskutinio (Weichselian, Nemuno)
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Table 1. Accumulation of allothigenic accessory elements in particular soil regions of Lithuania
1 lentelé. Alotigeniniy akcesoriniy mikroelementy kaupimasis atskiruose Lietuvos dirvozemiy rajonuose

Coefficients of accumulation Kk
Element Asmena Highlands Masa-Nemunélis Plain Lower Nemunas Plain
1 ] 1] 1 ] 1] 1 ] 1]
Y 1.16 0.72 0.73 1.42 1.16 1.07 1.16 1.15 1.20
Yb 1.25 0.93 0.86 1.32 1.26 1.12 1.04 117 1.23
La 1.06 0.93 0.85 1.12 1.01 0.90 1.12 1.20 1.14
Nb 1.16 1.13 1.07 0.70 0.87 0.88 1.08 1.09 1.08
Ti 1.24 0.99 0.81 0.91 0.91 0.85 1.36 1.25 1.19
Zr 1.58 1.32 1.18 0.71 0.82 0.80 1.31 1.08 1.15
Kkasoc 1.24 1.00 0.92 1.03 1.00 0.94 1.18 1.16 117

Coefficients of accumulation of allothigenic accessory elements in grain-size types of soil: | — sandy, Il — sandy loamy, Ill — loamy-clayey. Kkas,c — coefficient of accu-

mulation of allothigenic accessory element association in soil grain-size types.

Alotigeniniy akcesoriniy mikroelementy kaupimosi koeficientai dirvozemio mechaninés sudéties tipuose: | —smélio, Il — priesmélio, IIl — priemolio-molio.

Kk.soc — alotigeniniy akcesoriniy mikroelementy asociacijos kaupimosi koeficientai dirvozemio mechaninés sudéties tipuose.

RESULTS

In the A$mena Highlands, the highest coefficients of accumula-
tion (Kk) of all AAE are observed in sandy soils and the lowest in
loamy-clayey soils. In the Maga—Nemunélis Plain, only Y, Yb and
La are characterised by such distribution of Kk with an increase
of clay content, while in the Lower Nemunas Plain soil - only Zr
and Ti (Table 1).

In all soil regions, the highest value of Kk, was observed
in sand. In soils of the ASmena Highlands, the values of Kk
considerably decrease, as the content of clay increases. The
same tendency, though not so obvious, was observed in soils
of the Masa-Nemunélis Plain. Meanwhile in soils of the Lower

Nemunas Plain the values of Kk, in different grain-size types
of soil differ insignificantly.

In sandy and sandy-loamy soils from the ASmena Highlands,
AAE have significant loadings on the first factor (Table 2). In
sandy soils, also Cr and Mn, while in sandy-loamy soils Mn, Ba,
Sr, Rb and Co join them. In loamy-clayey soils there are no AAE
in the kernels of the first three factors.

In sandy soils from the Lower Nemunas Plain, all AAE are
significantly related to the third factor, in sandy-loamy soils
to the second one, and in loamy-clayey soils to the first one
(Table 3). In un-anomalous sandy soils, the first factor is mixed:
both AE and AAE (Y, Yb, La) as well as pH have significant load-
ings on it. In un-anomalous sandy-loamy and loamy-clayey
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Table 2. Paragenetic associations of trace elements in soils of the ASmena Highlands
2 lentelé. Mikroelementy paragenetinés asociacijos ASmenos aukStumos dirvoZemiuose

T n(ro,;) F FVP CFVP Paragenetic associations
’«N? F1 259 Yb-Y-Ti-Zr-La-Cr-Mn
Sand 2 F2 14.6 52.1 Ba-Li-Ga
° F3 11.7 V-[P]
’g F1 26.0 Mn-Ti-La-Ba-Y-Sr-Rb-Co
Sandy loam g F2 223 61.6 Li-Sn-Pb-Ga-Mo-V
N F3 133 (Y)-[P]
5 F1 384 Ga-V-Cu-Li-Co-Ni-Cr-Zn-B-Pb-Sn-Rb
Loam or clay g F2 15.8 69.0 Ba-Sr-Sc—[P]
0 F3 14.8 Ag-Mn-Nb

Explanations: T — soil grain-size type; n(roor) — number of samples and the absolute limit value of significant factor loading at 0.01 significance level given in parentheses;

F — factor; FVP — factor variance percentage; CFVP — cumulative factor variance percentage. Elements of paragenetic associations are written in descending order of significant at
0.01 level loadings; elements in parentheses do not belong to the factor kernel, but are associated with the factor, elements in brackets have negative loadings on the factor.

AAE are indicated in bold.

Paaiskinimai: T — dirvozemio mechaninés sudéties tipas; n(roor) — méginiy skaicius, skliaustuose — absoliuti reikimingos faktoriaus apkrovos, esant 0,01 reikSmingumo
lygmeniui, ribiné verté; F — faktorius; FVP — faktoriaus dispersijos procentinis kiekis; CFVP — sukauptas faktoriy dispersijy procentinis kiekis. Paragenetiniy asociacijy elementai,
surasyti reikSmingy apkrovy, esant 0,01 reikSmingumo lygmeniui, mazéjimo tvarka; elementai paprastuose skliaustuose nepriklauso faktoriaus branduoliui, bet siejasi su
faktoriumi; elementai lauztiniuose skliaustuose turi neigiamas apkrovas faktoriui. AAM iSryskinti pajuodintu Sriftu.

Table 3. Paragenetic associations of trace elements in soils of the Lower Nemunas Plain
3 lentelé. Mikroelementy paragenetinés asociacijos Nemuno Zemupio lygumos dirvoZzemiuose

T DS n(ro,01) F FVP CFVP Paragenetic associations
= F1 21.7 Rb-Co-Ni-Sc-V-Sr-Mn-(Zn, Ba, Y, La, Ga, Yb)
O
1 2 F2 185 57.2 Sn-B-Ga-Li-Ag-Nb-Mo—(Cr, Pb, V, Ni, Co, Ti)
S
bl F3 17.0 Zr-Yb-Ti-Y-La-Ba-(Nb, Cr)
& F1 33.1 Ba-Sr-Cr-Sc-Y-Yb-La-pH
o ~N
S 2 2 F2 20.1 69.2 Ni-Rb-Co-V-Zn-Pb-Mn-Ga
wv =
(o)}
- F3 16.0 LOI-Li-Ag-Sn
S F1 19.8 pH-Ni—-Cu-Zn-Co-V-Sc—(Ga, Cr, Rb, La)
n
3 s F2 19.5 57.2 Yb-Zr-Y-Ba-La-(Ti, Nb)
™ F3 17.9 B-Mo-Nb-Ti-Ga-Sn-Cr—(Pb, Ag, Co)
a F1 25.1 Ga-V-Cr-B-Ni-Pb-Li-Co-Mo~(Ti, Yb, Nb, Sn, Sc)
~
1 2 F2 16.5 54.0 Zr-Y-La-Yb-Ti-Nb-(Ba)
=
< F3 12.4 Zn-Cu-Ag-Mn-Sn-(Mo)
% % F1 25.1 Ni-Co—pH-Sc-V-Ga-B-Cr-Sn—(Ba, Cu)
[e] ~N
> 2 S F2 18.3 56.2 Y-La-Zr-Ti-Yb-(Nb)
%
3 ] F3 127 Mo-Pb-Ag
& F1 28.8 Cr-V-Ni-Ga-Yb-Ti-B-Nb-Sr-Li-Co
N~
3 2 F2 15.0 57.1 P-Mn-Cu-Ag-Pb-[Ba]
>
- F3 13.2 Sc-Rb-LOI
& F1 189 Y-Yb-Ti-Zr-La-Nb-Sr—(Ga, P)-[Sn]
@
1 2 F2 17.5 487 V-Ni-B-Co-Cu-Cr—(Ga, Li, Mo)
wn
1 F3 122 Pb-Ag-Ga-Zn—(P, Mo, Nb)-[Rb, Sc]
_é‘ S F1 236 Co-V-Ni-B-Zn-Sn-Cu-Cr-Mo
— (o))
g 2 S F2 206 53.5 Yb-Ti-Zr-Nb-La-Y-Ba-Sc
1
3 ~ F3 93 pH-Ga-Ag
= F1 20.0 Y-Yb-Ti-Zr-Nb-La—(Sr)
~
3 S F2 15.8 50.5 Pb-Ag-P-Sc-Mo-Ga-Rb-(Nb)
>
N F3 14.7 Cu-Co-Ni-pH-Cr-(V, Ga)

Main explanations are given in Table 2. DS — data sets: 7 — primary samples, 2 — un-anomalous samples, 3 — anomalous samples.
Pagrindinius paaiskinimus Zr. 2 lenteléje. DS — duomeny aibés: 7 — pirminiai duomenys, 2 — neanomaliis éminiai, 3 — anomalis éminiai.
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soils, significant loadings of AAE are found in the second factors.
In anomalous sandy soils, AAE are in the kernel of the second
factor or associated with it, also Ba is in the kernel of this factor.
In anomalous sandy-loamy soils, part of AAE (Ti, Yb, Nb) joins
the AE according to significant loadings on the first factor. In
anomalous loamy-clayey soils, AAE are significantly correlated
with the first factor.

In primary sets of all soil types from the MaSa-Nemunélis
Plain, a mixed association of AAE and AE is related to the first
factor (Table 4). The importance of AAE in this factor decreases
as the content of clay increases, although the number of AAE re-
mains the same in sandy and sandy-loamy soils and slightly in-
creases in loamy-clayey soils: in sand there are 4 AE and 5 AAE,
in sandy loam 9 and 5, while in loamy-clay 12 and 6, respectively.
Like in the first factors, the composition of variable groups sig-
nificantly related to the second and third factors in different
soil grain-size types is rather mixed due to various modes of
occurrence of elements. However, unlike in the first factors, the
number of AAE with significant loadings on the next two factors
is lower and AAE do not belong to factor kernels: they are as-
sociated with the second factor in sandy-loamy and loamy-clay-
ey soils and with the third factor in loamy-clayey soils. In un-
anomalous sandy soils, Y and Yb as well as LOI are significantly
related to the first factor, while in anomalous soils the first factor
is formed by a mixed association of AAE and AE, besides, almost
all AAE, except Nb, are present in its kernel. In un-anomalous
sandy-loamy soils, AAE and AE form a mixed association related
to the first factor, while in un-anomalous loamy-clayey soils four
AAE are present in the kernel of the second factor and form a
pure association. In anomalous sandy-loamy soils, AAE with AE
have significant loadings on the second factor, while in anoma-
lous loamy-clayey soils four AAE and seven other elements are
significantly correlated with the first factor.

DISCUSSION

To evaluate the variation of AAE importance, it is substantial to
relate it with the coefficients of accumulation of these elements,
which in natural soils depend on natural processes (weather-
ing, soil formation, formation of geochemical barriers), their
duration and intensity, also on the properties of soil-forming
sediments and elements themselves. The main mineral-carrier
of Zr, which is considered to be a little mobile trace element in
soil, is zircon which is attributed to the most weathering-resist-
ant minerals (Morton, 1986; Lang, 2000). Therefore, the varia-
tion of Zr content in soil reflects well the duration of weather-
ing and climate change. In all soil grain-size types from the
A$mena Highlands where soils have been formed on older sedi-
ments compared to the rest of the territory of Lithuania, Zr is
characterised by the highest Kk values in comparison with the
other regions. They are lower in soils from the Lower Nemunas
Plain, which have been formed on the Mid-Lithuanian phase
of Nemunas (Weichselian) glaciation, and the lowest - in soils
from the Masa-Nemunélis Plain, which have been formed on
the sediments of the latest phase of the last glaciation.

The values of Kk reveal the general peculiarities of soil
AAE contents. In all the soil regions investigated, the highest
KKkasoc values were found in sandy soils (Table 1).In soils from the

Asmena Highlands, the values of Kk, markedly decrease with
an increase of soil clay content. The same tendency, though less
pronounced, is observed also in soils from the Miasa—Nemunélis
Plain. The differences among the Kk, values in soil from the
Lower Nemunas Plain are negligible. The longer duration of
weathering and soil-forming processes in the ASmena Highlands
compared to the rest of Lithuanian territory influenced trace ele-
ment contents in soils. This circumstance predetermined a more
intensive redistribution of trace elements, which is confirmed by
the values of general geochemical indices. According to them,
soils of this region can be clearly distinguished from other soil
regions: the coefficient of geochemical contrast is the highest
among all soil regions, while the additive geochemical index is
the lowest (Kadanas, 2000). This peculiarity indicates the pre-
vailing tendency of trace element leaching from soil and at the
same time the rise of a distinct contrast among the contents of
trace elements: for some of them (P, Mn, Ag, Zr, Nb,Y) they in-
creased several times, for others (Cr, Co, Ni, V, Sc) they decreased
(Kadanas, 2000). For these reasons, the values of Kk, in sandy
and loamy-clayey soils from the A$mena Highlands differ sig-
nificantly, while in soils from the other regions the differences
among Kk, values are insignificant.

In the oldest soils of the ASmena Highlands, the importance
of AAE is in inverse ratio with soil clay content, i.e. AAE impor-
tance decreases as the content of clay increases (Table 2). Such
relationship, as well as obvious decrease of Kk, values with the
growth of clay content was predetermined by a longer than in
other parts of Lithuania duration of weathering and forming of
soils and their elemental composition in the ASmena Highlands
resulting in a more intensive redistribution of AAE and other
trace elements in the soil profile. A detailed chemical-mineralog-
ical research of sandy-loamy soils from the ASmena Highlands
has shown that the contribution of AAE related to heavy min-
erals in the fine silt fraction (0.063-0.005 mm) makes up more
than 90% of the total content in soil for Zr and Nb, about 70%
for Y and about 50% for Ti and Yb (Vareikiene, 2005). This fact
implies that the redistribution of AAE in sandy soils can be pre-
conditioned by an even more intensive relative accumulation of
heavy minerals in comparison with sandy-loamy and loamy-
clayey soils. Therefore, in sandy soils there are more AAE sig-
nificantly related to the first factor, meanwhile in sandy-loamy
soils their number markedly decreases and in loamy-clayey soils
almost vanishes.

In soils of the Lower Nemunas Plain, the anomalies of AAE
are especially typical. In soils of this region unclassified accord-
ing to grain-size type, the most abundant anomalies of Ti, Y,
Yb, La and Nb were revealed in comparison with the other soil
regions, while the anomalousness of Zr is higher only in the
Asmena Highlands (Kadinas, 2000). An obvious direct relation-
ship among the importance of AAE, soil clay content and soil
anomalousness was observed in the soil of this plain (Table 3).
Both in anomalous and in un-anomalous data subsets, the im-
portance of AAE increased with an increase of soil clay con-
tent. These soils were formed on sediments of the Jiira-Sesupé
glaciolacustrine basin with a characteristic lamination of clay
and a higher silt content in the clay series (Kazakauskas, 2000).
Enrichment of soil-forming sediments with AAE can be related
to the hydrodynamic differentiation of sedimentary material
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Table 4. Paragenetic associations of trace elements in soils of the Mdsa—Nemunélis Plain
4 lentelé. Mikroelementy paragenetinés asociacijos MiiSos-Nemunélio lygumos dirvoZzemiuose

T DS n(ro,01) F FVP CFVP Paragenetic associations
& F1 33.1 Yb-Y-Ba-Zr-Sc-Ti-Cr-La-Co—(Ni, Li, Rb)
1 S F2 176 3 Cu-LOI-Pb-Ni-V-Zn—(Mo)-[pH]
~
m F3 10.1 B-Ag-Mo-Sn
= F1 30.2 LOI-Y-Yb
o N4 —
S 2 2 F2 16.7 = Cu-Zn-Mn
wv = O
<
- F3 14.2 Pb-Ga
S F1 37.8 Y-Yb-Ti-V-Zr-La—-Cr-Co-Sc-Ba-Ni
o
3 g F2 18.1 3 Kn-Pb-Cu-[pH, Rb]
m
~ F3 10.9 Zn-Mo-Ag-Sn—[B]
= F1 414 Co-Ti-V-B-Ga-Rb-Cr-La-Y-Zn-Ni-Zr-Yb-Li-(Nb, Sc)
N
1 g F2 12.6 § Ba-Sc-Sn—(Zr, Yb, Y, Li, Cr, Ag)
o
N F3 8.5 pH-Mo-(Mn, P)-[LOI]
% = F1 394 Sc-Y-Zr-Ba-Yb-Ti-Cr-Co-Ga-Li-La-(Nb, Ag)
(o] e
> 2 s F2 14.0 2 Mn—Pb-Mo—-Ag(P, pH)
c S
3 m F3 9.8 Sr-Nb-P
& F1 39.6 Co-Ga-B-V-Pb-Ni-Mn
o
3 5 F2 17.6 S Zr-Sn-Sc-Yb
= ~
o
- F3 133 pH-[LOI]
= F1 47.5 Ni-V-Cr-Ga-B-Co-Li-Ti-La-Rb-Sn-Zn-Cu-Yb-Y-Pb-Zr-Nb-(Mn)
[}
1 @ F2 11.6 g P—(Zn, Y, La, Pb, Nb, LOI, Ti, Zr, Mo)
N
< F3 7.9 Ba-Sc-(Yb)
k) . F1 27.7 B-Ni~Co~Cr-Li-Ga-V-Rb-Sr-[P]
— (<))
5 2 3 F2 158 3 Y-Zr-Ti-La—(V)
g g o
9 N F3 1.1 Ag-Zn-Sn-Mo-Pb-(Li)-[LOI, Rb]
= F1 49.6 Y-Ag-Yb-Zn-La-Li-P-Zr-Sn-Pb-Ga
Q o
3 2 F2 137 < B-Mn-V-Co
\6 ~
- F3 10.8 Sr—Cu-Rb-Ni

Main explanations are given in Table 2. DS — data sets: 7 — primary samples, 2 — un-anomalous samples, 3 — anomalous samples.
Pagrindinius paaiskinimus Zr. 2 lenteléje. DS — duomeny aibés: 7 — pirminiai duomenys, 2 — neanomalis éminiai, 3 — anomalis éminiai.

within the glaciolacustrine basin: in sandy sediments this accu-
mulation can be explained by formation of heavy mineral con-
centrates in particular near-shore zones of the basin, while in
loamy-clayey sediments — by the transportation of silt to deeper
zones of the glaciolacustrine basin, leading to a higher silt ad-
mixture in clay and therefore a higher content of heavy minerals
from silt fraction. In loamy-clayey soil, the highest content of
heavy minerals was determined mainly in the fine silt fraction
(Vareikiené, 2005). The greatest importance of AAE in loamy-
clayey soil can be explained by the above-mentioned reason.

In soils of the Ma$a-Nemunélis Plain, which have been
formed on the North-Lithuanian phase of the Nemunas
(Weichselian) glaciation, the importance of AAE could be prede-
termined not only by their age, but also by chemical and mineral
composition of soil-forming sediments and soils: the bedrock of
carbonate rocks lying not deep from the Earth’s surface prede-
termined the highest median pH value among all soil regions,
and such alkaline reaction of soil favoured the accumulation of

some of AE. Therefore, in all grain-size types of soils, the main
factor indicates a mixed association of AAE and AE (Table 4).
The importance of AAE is predetermined by the proportion of
the number of AAE and the number of other trace elements
having significant loadings on the first factor, as well as by the
values of the loadings on this factor. A more intensive leach-
ing of carbonates from sandy soils compared to sandy-loamy
or loamy-clayey soils during weathering and soil-forming pro-
cesses lead to a greater importance of AAE according to the ratio
of their number and the number of AE in the main factor. This
importance decreases as soil clay content increases. Different
AAE are redistributed in the factor loading matrix with signifi-
cant loadings both on the first factor and on the other factors. In
un-anomalous soils, the importance of AAE also decreases with
the growth of soil clay content: in un-anomalous sandy soils two
AAE (together with loss on ignition) have significant loadings
on the first factor, in un-anomalous sandy-loamy soils AAE and
AE form a mixed association related to the first factor, while in
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un-anomalous loamy-clayey soils the AAE association is found
in the kernel of the second factor. Meanwhile, in anomalous soils
from the Ma$a—Nemunélis Plain the tendency is slightly different:
the lowest importance of AAE is observed in sandy-loamy soils, it
grows both with an increase of clay content and with an increase
of sand content. Such a different tendency can be explained by
the variation of distribution of heavy minerals in fractions and
the proportions between different modes of AAE occurrence.
Both in anomalous sandy and in anomalous loamy-clayey soils
of this region, mixed AAE and AE associations are related to the
first factors, however, in the first case they contain more AAE and
have relatively higher loadings. This suggests that in anomalous
sandy soils AAE are probably bound to a crystalline mode of oc-
currence and in anomalous loamy-clayey soils to other modes of
occurrence. High loadings of Y, Yb and La in the latter case lead
to a speculation that AAE can be bound to amorphous forms of
carbonates or Fe and Mn hydroxides (Zhu et al., 1992).

CONCLUSIONS

In soils of the ASmena Highlands considered to be the oldest in
Lithuania, the importance of AAE is in a direct relation with the
coefficient of accumulation of the AAE association and in an in-
verse relation with clay content in soil. Only sandy soils are char-
acterised by a purer AAE association.

In soils of the Lower Nemunas Plain, which are younger than
soils of the ASmena Highlands, the importance of AAE is directly
related with soil clay content and soil anomalousness. With an in-
crease of soil clay content, the importance of AAE increases both
in un-anomalous and anomalous soils. In each grain-size type of
soil AAE are significantly correlated with a single factor and form
pure complete paragenetic associations; the same concerns anom-
alous sandy and loamy-clayey soils. In un-anomalous soils of all
grain-size types and in anomalous sandy-loamy soils, AAE and
other trace elements form mixed associations related to factors.

In soils of the Masa-Nemunélis Plain, formed on the young-
est soil-forming sediments of Lithuania, both in primary and
anomalous soils the first factors are formed by a mixed AAE and
AE association in which the importance of AAE decreases with an
increase of clay content in soil both in the primary set and in the
un-anomalous subset of samples. Meanwhile in the anomalous
subset of samples from the region the tendency is slightly differ-
ent: the lowest importance of AAE is observed in sandy-loamy
soils; it grows with an increase in both clay and sand contents.

Age differences manifested through the unequal duration of
the weathering of soil-forming sediments are most obvious when
comparing soils formed on sediments of the last but one and the
last glaciation. In the ASmena Highlands, the AAE importance
is in inverse ratio with the clay content in soil, meanwhile in the
Lower Nemunas Plain is in direct ratio. Although in soils from the
Muasa-Nemunélis Plain, which are the youngest in Lithuania, there
is also a reverse relationship between the importance of AAE and
soil clay content, like in the oldest soils of the ASmena Highlands,
sandy soils of the latter region, unlike the Masa—Nemunélis Plain,
are characterised by a purer AAE association.

Despite smaller age differences between soils of the Lower
Nemunas Plain and the Masa-Nemunélis Plain, which were
formed on sediments of various phases of the same last glaciation,

the importance of AAE in soils of these regions is different. Unlike
in the Maga—Nemunélis Plain, soils in the Lower Nemunas Plain
are characterised by more pronounced changes in AAE correla-
tion with different factors arranged in descending order of their
variance and purer AAE associations related to these factors.
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ALOTIGENINIU AKCESORINIU MIKROELEMENTU
SVARBA FAKTORINIU APKROVU

MATRICOJE - SKIRTINGO AMZIAUS DIRVOZEMIU
GEOCHEMINES KAITOS STATISTINE ISRAISKA

Santrauka

Tlgesné daléjimo trukme ir klimato kaita lemia dirvoZemio santykinj pra-
turtinimg atspariais daléjimui sunkiaisiais mineralais ir su jais susijusiais
alotigeniniais akcesoriniais mikroelementais Y, Yb, La, Ti, Zr, Nb (AAM).
Lietuvos dirvoZemiy rajonuose, kuriy dirvozZemiai susiformave ant pries-
paskutinio ir paskutinio apledéjimo skirtingy faziy nuoguly ir kuriuose
nustatyti didziausi AAM kiekiai, jvertinti ry$iai tarp AAM svarbos faktori-
niy apkrovy matricoje (AAM svarbos) ir dirvoZzemio amzZiaus, molingumo
(molingos dalies kiekio skirtingos mechaninés sudéties dirvoZemiuose)
ir anomalingumo nediferencijuojant dirvoZemiy pagal jy dirvodariniy
nuoguly geneze. Darbe panaudoti Lietuvos geocheminio atlaso duomenys,
nustatyti dirvozemio <1 mm frakcijoje atominés emisinés spektrofotome-
trinés analizés metodu. Kiekviename rajone analizuoti smélio, priesmélio
ir priemolio-molio dirvoZemiai. Faktorinei analizei pasirinkti pradiniy,
neanomaliy ir anomaliy éminiy masyvai, kuriuose AAM svarbos kaita i$-
ry$kinta atsizvelgiant tik j pirmuyjy trijy faktoriy, kuriy suminé dispersija
virsija arba artima 50%, asociacijas. Faktorinéms apkrovoms pasirinktas
reik§mingumo lygmuo 0,01. AAM svarba vertinta atsizvelgiant j fakto-
riaus rangg pagal jo dispersijos procenta, AAM reik$mingy apkrovy fak-
toriui dydj ir AAM bei kity mikroelementy skaiciaus santykj reikmingy
faktoriaus apkrovy grupéje. Seniausiuose pagal amZiy ASmenos aukstu-
mos dirvozemiuose AAM svarba su dirvoZzemio molingumu susijusi at-
virk$tiniu rysiu. Jaunesniuose Nemuno Zemupio lygumos dirvoZemiuose
AAM svarba didéja didéjant dirvozemio molingumui ir anomalingumui.
Didéjant molingumui ji didéja tiek neanomaliuose, tiek anomaliuose
dirvozemiuose. Masos-Nemunélio lygumos dirvoZemiuose, susiforma-
vusiuose jauniausiose Lietuvos dirvodarinése nuogulose, tiek bendry,
tiek ir anomaliy dirvoZemiy pirmajj faktoriy formuoja misri alotigeniniy
mikroelementy ir AAM asociacija, kurios AAM svarba mazéja didéjant dir-
vozemio molingumui. DirvoZemiy amziaus skirtumai daugiausia i$ryskeja
prie$paskutinio ir paskutinio apledéjimo nuogulose suformuoty dirvoze-

miy AAM svarbos ir dirvozemio molingumo ry$iuose. DirvoZemiuose,
susiformavusiuose to paties apledéjimo skirtingy faziy nuogulose, AAM
svarbos skirtumai susij¢ su ryskesne faktoriy, su kuriais koreliuoja AAM,
kaita augant molingumui ir grynesnémis AAM asociacijomis Nemuno
zemupio lygumos dirvoZzemiuose nei Migos-Nemunélio.

Onbra Bapeiikene, Pumante 3unkyre, Ansdpenac Pagssasmdroc

BAKXHOCTD AJTUTOTUTEHHBIX AKITECCOPHBIX
MUKPOIJTEMEHTOB B MATPUIIE ®PAKTOPHbBIX
HATPY30K KAK CTATUCTUYECKOE BbIPAJKEHIE
TEOXVMUYECKOV USMEHUYMBOCTU IIOYB
PA3JINMYHOTO BO3PACTA

Peswome

bonee npomo/mKuTeNnbHasA LINTETBHOCTD BBIBETPYBAHYIA U I3MEHEHE
K/IMMara 00yCTIOBI/IV OTHOCUTENBHOE 000raleH e BEPXHIX CTI0EB [IOYB
YCTOIYMBBIMY K BHIBETPUBAHNIO TSKEMBIMU MIHEPATIAMI U CBA3AHHBI-
MU C HUMY QJUIOTUTEHHBIMI aKIleCCOPHBIMU MUKpoaieMeHTamu Y, Yb,
La, Ti, Zr, Nb (AAM). B nouBeHHbIX paitoHax JINTBbI, B KOTOPBIX IIOYBBI
chOopMIPOBANIICh HA OTTIOXKEHVISIX IPEAIIOC/IENHEr0 U Pa3IIHbIX (azax
HOCTIEJHETO ONefIeHEeHVIS U B KOTOPBIX HalifieHO HaMBBICIIIee COfiepyKaHue
AAM, ycTaHOBJIEHBI CBA3M MEX[Y BaKHOCTbIO pacnperiennennsa AAM B
Marpuiie GaKTOPHBIX HArpy30K (BaXKHOCTbI0 AAM) 1t BO3pacToM MOYB,
MX DIMHUCTOCTBIO (KO/MMYEeCTBOM ITIMHICTON YacTU B II0YBaX Pa3HOro
MeXaHIYeCKOr0 COCTaBa) M aHOMAIbHOCTbIO, 6€3 ITopas/ieeH s moy-
BbI 110 TeHE3JCY M0YBOOOPA3YIOLINK MOPOf. B paboTe ncmonp3oBaHbl
nanHble [eoxmmirgeckoro atmaca JINTBEI, MOTyYeHHbIE aTOMHBIM SMIC-
CHOHHBIM CIIEKTPO(OTOMETPIIECKMM aHATN30M PPAKII T0UB <1 MM.
B Ka)kJloM IT0YBEHHOM palioHe MCCIelOBAHbI IIeCUaHble, CyIecyaHble
¥ CYITIMHUCTO-I/IVMHUCTBIE TTOYBBL. [/t pakTOpHOro aHanmsa BoIOpa-
HBI MaCCHBBI IIePBUYHBIX, HCAHOMAJIbHBIX I aHOMAJIbHBIX JAHHBIX, B
KOTOPBIX BaXKHOCTb AAM oIlpefenieHa 110 acCoLMaLisiM MePBBIX TPEX
(bakTOpOB, A4 KOTOPBIX CYMMAapHbIil IPOLIEHT AMCIepcuy 6omblie
wn 6730k 50. 111 paKTOPHBIX HArPY30K MCIIONb30BAJICA YPOBEHD
sHaynmocty 0,01. BasxxHocts AAM onpesienieHa Ha OCHOBaHUY PaHTa
(baxTopa 10 MPOLIEHTY ero AUCIEPCHY, BEMUYIMH 3HAYMMbIX HAaIPY30K
AAM Ha akTop 1 COOTHOLIEHNIO 4icia AAM U IpyTyX MUKPO3/IEMEH-
TOB B IPYIIIIE CO 3HAYMMBIMI Harpyskamu Ha ¢aktop. B gpeBHeiimx
MMOYBaxX AITMSIHCKOI BO3BBIIEHHOCTN BaKHOCTh AAM CBsi3aHa CO CTe-
IIeHbBIO IIVHUCTOCTY I0YB 0OPATHOIT CBSA3bI0. B Gormee MOOfbIX, 4eM B
ANIMAHCKOJ BO3BBIIIEHHOCTH, TOYBaX HIDKHEHAMYHCKOI paBHMHBI
BaXHOCTb AAM yBemmunBaeTcs Ipy BO3PACTAHNI IIMHUCTOCTY U AaHO-
MaJIbHOCTY NOYBBI. [Tpy BospacTaHuy IIMHUCTOCTY BAXHOCTD AAM
YBEMMUMBAETCSA, KaK B HEAHOMA/TbHBIX, TaK ¥ B aHOMA/TbHBIX TT0YBax. B
noyBax paBHMHBI Mymn 1 HamyHenca, copMupoBaBIINXCA Ha ca-
MBIX MOJIOIBIX II0YBOOOPA3YIOLIVX OPOAAX JINTBbI, KaK B IEPBUYHBIX,
TaK Y B aHOMaJIbHbIX N04BaX MepBblit GakTop GopMupyer cMelIaHHas
acconmanyst u3 AAM ¥ aJTTOTUT€HHBIX MUKPO3/IEMEHTOB, B KOTOPOI
BaXHOCTb AAM yMeHbIIaeTCsA Iy BO3PaCTaHUM ITMHICTOCT TOY-
BbL. PasHuia B Bopacre 04B, CHOPMUPOBABIINXCS HA OTIOKEHUSX
IPeAIIOCTIeNHEr0 U OC/IE[HET0 ofefeHeHs1, Haubomee sIpKo BbIpa-
JKAETCA B CBA3AX MEX/TY BXXHOCTbIO AAM 1 IMMHUCTOCTDBIO I0YB. B
0YBaX, CGOPMUPOBABIINXCS HA OTTIOXKEHISX PA3NMIHbIX (a3 mocmen-
HETO OefleHeHNsT, pas/nyuusi B BakHocTi AAM nposBisiioTcst B 6onee
BBIAB/ICHHOI U3MEHYMBOCTY (PaKTOPOB, C KOTOPBIMY CYIECTBEHHO
KoppenupyioT AAM, Ipu Bo3pacTaHMyu IIMHUCTOCTH U G0Iee YMCTOM
cocrase accormanyit AAM B nousax HykHeHAMYHCKOI paBHUHBI 110
CpaBHEHMIO ¢ paBHMHOI My n HamyHenmuca.



