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Abstract. Geochemical investigations were conducted on Quaternary interglacial sediments in order to reveal if they

can be a natural source of 10 potentially harmful chemical elements: As, Ba, Cr, Cu, Mn, Mo, Ni, Pb, V and Zn. De-

termination of the total contents of elements in 680 samples was performed by EDXRF analysis. The content of Ni,

Cu, Pb, Ba in all analysed samples was lower than maximum permissible concentrations (MPC) for soil, the content

of Zn, V, Cr, Mn exceeded MPC values only in several samples (<4%). The highest percentage of anomalous samples

where MPC was exceeded was characteristic of Mo (21%) and As (12.6%). Therefore, interglacial sediments, especially

enriched in organic matter and other sorbents, comprise one of the possible natural sources of Mo and As. It is prob-

able that they contribute to As and Mo anomalies in stream sediments in Lithuania.

Keywords: natural sources, interglacial sediments, arsenic, molybdenum, total organic carbon, total inorganic carbon,

iron.

Introduction

Elevated contents of harmful chemical elements can ori-
ginate not only from anthropogenic activity, but also from
natural sources (Nagajyoti et al. 2010). Volcanoes (Ernst
2012; Ayris, Delmelle 2012; Calvo et al. 2013) and forest
fires (Pereira, Ubeda 2010) are the main natural sources of
air pollution. Leaching from deposits is the main natural
source of groundwater and surface water pollution (Falk
et al. 2006; Baba, Tayfur 2011). Ore deposits are the most
obvious natural sources of harmful chemical elements
(Von der Heyden, New 2004).

In Lithuania insufficient attention has been paid to
various possible natural sources of anomalies of harmful
chemical elements, because the main part of geochemical
investigations has been concentrated in urban territories
or near, where anthropogenic sources are abundant (Vasa-
revicius et al. 2010; Taragkevicius, Zinkuté 2011; Kumpie-
né et al. 2011; Pundyté et al. 2011; Stakéniené et al. 2011;
Zinkuté et al. 2011; Galkus et al. 2012). Research was
done also on military grounds (Vasarevicius, Greiciaté
2004; Idzelis et al. 2006), landfills (Jaskelevi¢ius, Lynikiené
2009) or near highways (Butkus, Sal¢iiiniené 2011). The

focus on urban areas is understandable, because of their
high heavy metal fluxes (Milukaité et al. 2008). Elevated
contents of harmful chemical elements in topsoil of the
country also often have been explained by anthropogenic
reasons (e.g. the influence of distant pollution sources or
diffuse pollution by agriculture). The influence of forest
fires in Lithuania, which can be both natural and anthro-
pogenic, has also been analysed and slight increases of Cd,
Cr, Cu, Mn, Zn and Fe in the mineral topsoil of Scots pine
forests has been found (Marozas et al. 2013). Growth of
Cu, Pb, Zn in stream water has been correlated with land
fires (Ignatavicius et al. 2006).

Natural geochemical anomalies have been analysed
only in surface sediments of the country (i.e. topsoil and
stream sediments) (Kadanas et al. 1999). From natural re-
asons, the unequal amount of soil clayey component has
been often mentioned in Lithuania (Kadanas et al. 1999).
It depends on different origin or age of soil parent mate-
rials. Soil of most regions of the country is less weathered
and contains higher contents of most chemical elements
than soil of ASmena-Medininkai Heights (Kadunas et al.
1999). The latter is ~10000 years older and was formed
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on glaciogenic deposits of the Medininkai glaciation of
Middle Pleistocene. Similar explanations have been gi-
ven for elevated contents of harmful chemical elements in
stream sediments.

Stream sediments are not only influenced by surface
run-off, but also by groundwater discharge (Lachmar et al.
2006). So part of the content of chemical elements can be
leached from underlying layers. Parent material or rock
outcrops comprise the most important natural source of
heavy metals; besides, the contents of the elements depend
on both rock type and environmental conditions activa-
ting their weathering (Nagajyoti et al. 2010). So search
for rock outcrops with elevated concentrations of harmful
chemical elements is very important, especially in Lithu-
ania where there is lack of geochemical analysis of upper
Quaternary sediments. Part of these sediments may be po-
tential sources of anomalies in stream sediments.

Pre-Quaternary sedimentary rocks in Lithuania are
covered by a thick Quaternary cover: average thickness is
130 m (Kadunas et al. 1999) with increased thickness in
palaeo-incisions of the sub-Quaternary surface (Baltranas,
Gaigalas 2004). Subdivision of the Quaternary is based on
climate, i.e. glacials and interglacials. Lithuanian Quater-
nary sediments were formed during seven sedimentary
cycles (Fig. 1): Daumantai pre-glacial, Kalviai glacial and
Vindzitnai interglacial, Dzukija glacial and Turgeliai in-
terglacial, Dainava glacial and Buténai interglacial, Zemai-
tija glacial and Snaigupélé interglacial, Medininkai glacial
and Merkiné interglacial, Nemunas glacial (with Grada
and Baltija stages) and the Holocene (Kondratiené 1996;
Baltranas et al. 2013a).

The greatest number of the Pleistocene global coo-
lings and warmings is recorded in Poland, Belarus and
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Fig. 1. Quaternary stratigraphic scheme of Lithuania

Ukraine (Lindner et al. 2004). Thus, correlation of Pleis-
tocene deposits in Poland and in neighbouring countries
is very important (Ber 2006; Lindner et al. 2006). Some
interglacial sediments are composite with interglacial-
rank warmings separated by non-glacial coolings (Lindner
et al. 2013). Investigations of Quaternary interglacial sedi-
ments started in Lithuania, and the geochemical database
was compiled in 2012 and anomalous contents of some
harmful chemical elements were revealed (Baltrunas et al.
2013b).

Quaternary interglacial sediments were chosen as
the study object in the search for possible natural sour-
ces of harmful chemical elements, due to several reasons:
1) they have undoubtfully natural origin; 2) they were
usually formed in palaeolakes where high accumulations
of most chemical elements (including potentially harmful)
with fine clay particles, often with increased content of or-
ganic matter were possible; 3) the outcrops of these sedi-
ments are usually on the banks of streams, so during flood
events harmful chemical elements can be washed out and
migrate downstream causing natural anomalies in stream
sediments. Of course, the real possibility of migration of
harmful chemical elements from interglacial Quaternary
sediments to contemporary stream sediments is not ana-
lysed here.

The aim of this research is to demonstrate that there
are many more samples with anomalous contents of As
and Mo compared with the other harmful chemical ele-
ments Ba, Cr, Cu, Mn, Ni, Pb, V and Zn in Quaternary
interglacial sediments and to give possible explanation of
As and Mo enrichment in some intervals. The findings of
this investigation might be useful for researchers of stream
water and sediments, because As and Mo anomalies might
be related to one of the factors affecting water quality in
Lithuanian rivers (Gudas, Povilaitis 2013).

1. Methods

Samples of interglacial sediments were collected at five
outcrops and four boreholes with the sampling interval of
5-10 or 15-20 cm. Vertical sections of Daumantai (dm)
preglacial, Vindzianai (vn), Turgeliai (tr) and Buténai (bt)
interglacials are near Sventoji and Slavé stream (Anyks¢iai
District), of Snaigupélé interglacial (sn) on the bank of the
Snaigupélé stream near Druskininkai, and of Merkiné in-
terglacial (mr) on the bank of the River Nemunas (Varéna
District) (Fig. 2).

Diatom analysis and plant macrofossil survey was
performed in all sections. Respective methods are des-
cribed in Baltriinas et al. (2013c). Geochemical analysis
was performed in the Nature Research Centre Institute
of Geology and Geography. Energy-dispersive x-ray flu-
orescence equipment SPECTRO XEPOS with TurboQu-
ant for pressed pellets calibration method was used for
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the determination of total contents of chemical elements
in 680 samples. Sample preparation included air-drying,
crushing and homogenization in agate mortar with agate
pestle, then milling of sub-sample by MM 400 mixer mill
with zirconium oxide grinding jars and balls and mixing
with binder (4 g of material and 0.9 g of Licowax, dilution
factor (DF) was 0.82).

Pressed pellets of 32 mm diameter were prepared by
PP15 press. Quality control is assured by the participa-
tion of the laboratory in the “International Soil-analytical
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Fig. 2. Location of study objects of interglacial sediments

Notes: Interglacials: dm — Daumantai, vn — Vindzitnai, tr —
Turgeliai, bt — Buténai, sn — Snaigupélé, mr — Merkiné. Sampled
depth intervals (in parentheses) of vertical sections: Daumantai
(2.2-19.2 m), Vindzitinai-136 (146160 m), Slavé (2.4-4.8 m),
Kudré-915 (75.8-91.8 m), Jononys-938 (20.2-39.2 m), Buténai
(0.5-1.85 m), Snaigup¢lé-705 (16.0-40.2 m), Snaigupélé (4.65—
6.20 m), Netiesos (4.05-17.3 m).
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Fig. 3. Percentage of samples where MPC of As and Mo is
exceeded in different sections. Outcrops: D — Daumantai, S -
Slavé, B - Buténai, SNO - Snaigupélé, N — Netiesos. Boreholes:
V - VindziGnai-136, K - Kudré-915, ] - Jononys-938, SNB —
Snaigupélé-705

Exchange” (ISE) program of Wageningen Evaluating Pro-
grams for Analytical Laboratories (WEPAL) (Taraskevi-
Cius et al. 2013). ISE samples can be used for re-calibra-
tion. The contents of 10 harmful chemical elements As,
Ba, Cr, Cu, Mn, Mo, Ni, Pb, V, Zn were compared with
their maximum permitted concentrations (MPC) in soil
(Taraskevicius et al. 2013).

Total carbon (TC) was determined in Slavé, VindZii-
nai and Kudré sections by elemental analyzer liquiTOC
(Elementar analysensysteme GmbH, Hanau-Germany).
The procedure involves heating samples at 950 °C and
measuring the combustion products by infrared energy
detector with a precision of +1%. The total organic car-
bon (TOC) was measured in the same way in carbona-
te-free subsamples, which were obtained by removing the
carbonates with HCl and washing with deionized water.
The difference between the two carbon measurements
(TC-TOC) gives the total inorganic carbon (TIC) content.
In part of the Netiesos section, the percentages of orga-
nic matter (OM) and total carbonates (TCB), calculated
as CaCO,, were determined by loss on ignition (LOI) at
550 °C and 950 °C, respectively (Santisteban et al. 2004).
The amount of inorganic non-carbonate minerals (NCM)
was calculated as 100%-OM%-TCB%. The main com-
ponents of sediments (OM, TCB and NCM) were used
for characterization of lithological units in the Netiesos
section. The percentages of OM were recalculated to TOC,
and TCB to TIC.

2. Results

The content of Ni, Cu, Pb, Ba in all samples was lower
than respective MPC (75 mg/kg for Ni, 100 mg/kg for
Cu and Pb, 600 mg/kg for Ba), indicating that interglaci-
al sediments cannot be natural sources of these harmful
chemical elements (Table 1). The contents of Zn, V, Cr,
Mn exceeded MPC values (300, 150, 100, 1500 mg/kg)
only in several samples and only in some sections. Such
anomalous values comprise <4% from the total number
of samples. The highest number of samples where element
content exceeds MPC is characteristic of Mo and As. For
Mo this comprises 21% and for As 12.6% from the total
number of samples. MPC of Mo (5 mg/kg) is exceeded in
all sections and As (10 mg/kg) in almost all. Buténai, Snai-
gupélé and Netiesos outcrop sections are most abundant
in As and Mo anomalies (Fig. 3).

Buténai section (0.5-1.85 m) has the highest percen-
tage of anomalous samples: MPC of As is exceeded in all
samples, of Mo in 89.3% of samples and of Mn in 42.9%
of samples. There is also one sample where MPC of Zn is
exceeded. The highest values of As, Mn, Zn are also in this
section which consists of organogenic sediments. Snai-
gupélé section (4.65-6.20 m) with organogenic sediments
is also characterized by high percentages of Mo and As
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Table 1. Maximum content of harmful chemical elements (mg/kg) in sections of interglacial sediments compared with soil
maximum permitted concentrations (mg/kg)

Ele- MPC D(156) S(41) V(70) K(57) J(41) B(28) SNB(76) SNO(27) N(184)
ment dm vn vn tr bt bt sn sn mr
As(86) 10 43.6(3) 59.0(8) 9.4 14.3(4) 61.9(7) 89.4(28) 23.4(8) 88.8(7) 44.1(21)
Mo(143) 5 6.7(8) 14.0(6) 6.3(2) 6.7(2) 77(2) 216025  69(3)  27.5(14) 19.6(81)
Mn(26) 1500 137 249 1714(1)  1686(1)  2594(1) 8847(12)  2412(8) 580 1589(3)
Cr(5) 100 103(1) 152(2) 78.0 74.5 69.3 71.2 84.2 72.4 392(2)
V(3) 150 101 209(3) 100 85.4 80.9 60.5 115 88.6 92.9
Zn(1) 300 56.4 119 54.0 70.4 198 303(1) 189 174 211
Ba 600 530 580 507 418 560 370 497 466 504
Cu 100 19.5 52.6 22.3 38.7 21.7 48.7 26.1 22.6 24.2
Ni 75 46.6 67.0 26.9 28.1 28.0 314 42.7 38.9 26.4
Pb 100 17.0 20.0 19.0 15.8 19.6 18.0 19.6 16.3 16.2

Notes: Interglacials: dm — Daumantai, vn - VindZitinai, tr - Turgeliai, bt - Buténai, sn - Snaigupélé, mr — Merkiné. Outcrops: D - Dau-
mantai, S - Slavé, B — Buténai, SNO - Snaigupélé, N — Netiesos. Boreholes: V - Vindziunai-136, K - Kudré-915, ] - Jononys-938, SNB —
Snaigupélé-705. Total number of samples analysed in each section is given in parentheses after abbreviation. The greatest maximum
value in all 9 sections is in bold. Maximum content of element in the section is shaded if it exceeds MPC and the number of samples
of the section where MPC is exceeded is given in parentheses. Total number of samples where MPC is exceeded is in parentheses after
element. The table is based on TurboQuant for pressed pellets calibration method results.

anomalies: 51.9 and 25.9%, respectively. Netiesos section
(4.05-17.3 m) is on the third place with 44.0% of Mo
and 11.4% of As anomalies (Fig. 3). Unlike Buténai and
Snaigupélé, the lithology of the section is not uniform:
the lowermost layer of silt is overlain by gyttja, the latter
is covered by peat and the upper part consists of sand.
Median content of As in gyttja is 9.7 mg/kg, of Mo is
9.5 mg/kg, and in the silt layer the respective median va-
lues are 8.7 and 7.4 mg/kg. The re-calibrated (using ISE
samples) median values of As and Mo in gyttja, silt and
peat from Netiesos section exceed not only the respective
median values in stream sediments of Lithuania, Sventoji
and Middle Nemunas basin, but also the respective me-
dians in different types of Lithuanian soil (Table 2). They
are also higher than median values in European stream
sediments and subsoil. In gyttja and silt, median values
of As and Mo are especially high: they exceed respecti-
ve median values in European topsoil and MPC of soil.
Median content of Mo in gyttja, silt and peat is higher
even than Mo maximum in Lithuanian stream sediments
and Mo maximum in Lithuanian mineral soil. Median
content of As in gyttja also exceeds As maximum in Li-
thuanian mineral soil and is close to As maximum in Li-
thuanian stream sediments.

In section of Snaigupélé outcrop the median re-
calibrated values of As and Mo also exceed median va-
lues in Lithuanian stream sediments. They are especially
high in the Buténai section: re-calibrated As median is
59.7 mg/kg, Mo is 7.93 mg/kg.

All these facts confirm that interglacial Quaternary
sediments comprise one of the possible natural sources
of As and Mo anomalies. Netiesos section, which has

been analysed in more detail by Baltriinas et al. (2013c),
can help to find out the peculiarities of layers enriched
in As and Mo. The highest percentage of As anomalies
is in gyttja layer (41.7% of its samples), it is followed by
silt (22.2%); the same lithological units are even more
abundant in Mo anomalies: 100 and 97.2%, respectively
(Fig. 4).

Table 2. Arsenic and molybdenum contents (mg/kg) in
interglacial sediments compared to soil and sediments

Contents (mg/kg) As Mo
Median in gyttja of Netiesos section 11.1 9.23
Median in silt of Netiesos section 102 7.24
Median in peat of Netiesos section 6.59 5.06
MPC in soil (1)* 10 5
Median in Lithuanian stream sediments (2)* 30 038
Median in Middle Nemunas basin sediments (2)* 3.3 0.9
Median in Sventoji basin sediments (2)* 29 07
Maximum in Lithuanian stream sediments (2)*  11.7 4.95
Median in sandy soil of Lithuania (2)* 1.8 0.62
Median in sandy loamy soil of Lithuania (2)* 29 0.67
Median in loamy soil of Lithuania (2)* 3.7 0.70
Median in organic soil of Lithuania (2)* 1.7  0.68
Median in all soil types of Lithuania (2)* 24 067
Maximum in mineral soil of Lithuania (2)* 79 255
Median in European topsoil (3)* 7.03 0.62
Median in European subsoil (3)* 6.02 0.52
Median in European stream sediments (3)* 6.00 0.63

*Sources: 1: Taraskevicius et al. (2013); 2: Kadunas et al. (1999);
3: Salminen et al. (2005).



64 R. Zinkuté et al. Quaternary interglacial sediments as possible natural sources of arsenic and molybdenum anomalies...

Plant macrofossil and pollen analysis shows that they
were formed during the Merkiné (Eemian) interglacial
climatic optimum when palaeoflora became most ther-
mophilic. The intervals of increase of As and Mo corres-
pond to two subzones of the thermal optimum. Compa-
rison of median percentage of main components in four
lithological units of Netiesos section reveals the differen-
ces among them (Fig. 5).

Sand unit predominantly consists of non-carbonate
minerals (median NCM is 91.6%), median value of carbo-
nates is much lower (TCB = 8.0%) and organic part (OM)
makes up only ~0.4%. In peat, the percentage of NCM is
still the highest, but decreases to 50.0%. Meanwhile OM
increases to 36.7%, the part of carbonates is the lowest
(TCB = 2.6%). Both gyttja and silt have the highest part of
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Fig. 4. Percentage of samples where MPC of As and Mo is
exceeded in different layers of Netiesos section
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Fig. 5. Median percentage of main components in Netiesos.
NCM: non-carbonate minerals, TCB: total carbonates, OM:
organic matter

carbonates (40.3% and 51.7%, respectively), but also high
percentage of organics, especially gyttja (OM = 29.2%).
Meanwhile NCM percentage is much lower than in
sand and peat. Elevated contents of As (Fig. 6b) and Mo
(Fig. 6¢) in the Netiesos section are obviously related to
gyttja and silt, partly to peat where distribution pattern
of main components shows higher percentage of organic
matter and carbonates (Fig. 6a). The anomalies of both
chemical elements are obviously not related to non-car-
bonate minerals: significant (p < 0.0001, number of obser-
vations n = 70) negative Pearson correlation coefficients
of As (r = -0.57) and Mo (r = -0.78) with NCM confirm
this statement. Since gyttja and silt are abundant in As and
Mo anomalies and at the same time rich in carbonates and
organics, the next task is to find out which of two compo-
nents has more influence on the formation of the above-
mentioned anomalies.

In the Netiesos section, As and Mo have significant
positive correlation both with TOC and with TIC. Howe-
ver, correlation of As is higher and more significant with
TOC than with TIC, and correlation of Mo is higher with
TIC than with TOC (Table 3).

Correlation of As and Mo with TOC and TIC has
also been analysed in Slavé outcrop and Kudré-915 bo-
rehole sections. The percentage of As and Mo anoma-
lies in these sections is lower than in Buténai, Snaigupé-
1é and Netiesos sections (Fig. 3). Arsenic in both these
sections has the strongest correlation coeflicient with
TOC compared to other chemical elements (including
Mo); meanwhile its correlation with TIC is lower, as well
as the significance level (Table 3). Molybdenum in Sla-
vé section is significantly positively correlated both with
TOC (higher p) and with TIC (lower p) (Table 3). As
in the Netiesos section, the Mo correlation coefficient
with TOC is lower than correlation of As with TOC. Me-
anwhile correlation of Mo with TIC is stronger than cor-
relation of As with TIC. Although in Kudré-915 section
correlation of Mo with TOC and TIC is insignificant, the
coeflicient of Mo with TIC is positive, meanwhile with
TOC it is negative. The above-mentioned correlations
indicate that As anomalies are more related to OM and
partly to carbonates, meanwhile Mo anomalies, on the
contrary, are more related to carbonates than to OM.

Two dendrograms (Fig. 7a and b) were obtained
for two different subsets of interglacial sediments: one of
them included 86 samples with anomalous (>10 mg/kg)
As contents, another one 143 samples with anomalous
(>5 mg/kg) Mo contents. In both dendrograms As and
Mo are in the same branch with eight other chemical ele-
ments: S, Br, Zn, Mn, Fe, P, Ca and Sr. These elements are
proxies of organic matter (S, Br, Zn), iron and manganese
hydroxides (Fe, Mn), carbonates (Ca, Sr) and phospha-
tes (P). Arsenic and molybdenum can be related to these
components, most of which are good sorbents.
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Table 3. Correlation of chemical elements with total organic carbon and total inorganic carbon in three sections

Netiesos (n = 70) Slavé (n = 41) Kudre-915 (n = 57)
El  C(TOC) El  C(TIC) El C(TOC) Bl C(TIC) El C(ToCc)  El C(TIC)
S 0.834%** Ca 0.986*** As 0.974*+* Fe 0.472* As 0.851*** Ca 0.547%%*
Cu 0.808*** Sr 0.875%** Br 0.963*** Mo 0.388x S 0.839*** Br 0.510***
Zn 0.748*** Mn 0.772%%* S 0.917** \% 0.373x Br 0.821%** S 0.483**
Ni 0.709*** Br 0.713%** Cu 0.905%** Ca 0.372x Zn 0.573%+* Sr 0.339%
\% 0.600%** Mo 0.641%* Mo 0.856%** S 0.321x Fe 0.467** Fe 0.336x
Br 0.579*** Fe 0.608*** Fe 0.812*%** As 0.318x P 0.437%* Mn 0.334x
As 0.509*+* S 0.367* Ni 0.779** Cr 0.288 Mn 0.331x As 0.323x
Fe 0.506%** As 0.340* A% 0.771%¢* Pb 0.282 Ni 0.253 Zn 0.280x
Mo 0.484*** Mg -0.053 Cr 0.767*** Ni 0.249 Cr 0.222 Ni 0.222
Ga 0.144 Ba -0.149 Ca 0.612%** Br 0.235 \'% 0.084 Cr 0.221
Ca 0.118 Cu -0.185 Y 0.525** Cu 0.229 Ti 0.076 P 0.185
Cr 0.088 \ -0.200 Pb 0.427* Ga 0.226 Ca 0.032 Mo 0.135
Y -0.057 Ni -0.240x Ga 0.163 Zn 0.160 Nb 0.030 \% 0.120
Mn -0.063 Zn -0.373* Ba 0.063 Mg 0.106 Cu -0.040 Cu 0.097
Al -0.065 P —0.445%* Sr 0.006 Al 0.053 Mo -0.065 Nb 0.085
Nb -0.086 Cr -0.517%** Zn -0.028 Rb 0.027 Pb -0.082 Ti 0.078
Sr -0.121 Nb -0.577*** Mn -0.134 Y 0.023 Hf -0.086 Pb 0.013
Pb -0.151 Zr -0.610*** Na -0.150 Ba -0.072 Y -0.095 Ga 0.008
Ti -0.165 Ga -0.663*** P -0.178 P -0.130 Ga -0.098 Rb -0.032
Rb -0.199 Ti -0.675%** Rb -0.286 Mn -0.139 Rb -0.174 Y -0.102
P -0.366* Hf -0.686*** Hf -0.301 Sr -0.147 Ba -0.239 K -0.168
Hf -0.391** Pb -0.697*** Al -0.325x K -0.202 Al -0.255 Hf -0.170
K -0.449%* Na -0.703*** K -0.379x Nb -0.203 Sr -0.320x Al -0.181
Mg —0.457*%** Si -0.711%* Zr -0.403* Na -0.282 Zr -0.344* Mg -0.214
Zr -0.565%** Al -0.780*** Mg -0.560** Ti -0.325x K -0.399* Ba -0.247
Na -0.567*** Y —-0.782*** Nb -0.611*** Hf -0.343x Mg -0.642*** Zr -0.479**
Ba -0.573%+* K —-0.795%** Ti —0.782*%** Zr -0.366x Na -0.662*** Na  -0.528***
Si -0.697*** Rb -0.805*** Si -0.903*%** Si -0.412% Si -0.735%** Si —0.645%**

Notes: El — chemical element, n - number of observations. Sorted Pearson correlation coefficients of chemical element contents:
C(TOC) - with TOC, C(TIC) - with TIC. Significance level p of correlation coeflicients: x p < 0.05, * p < 0.01, ** p < 0.001,
X%

p < 0.0001.
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Fig. 7. Dendrograms of anomalous As (a) and anomalous Mo (b) data sets (Fc means Fe)

Such ideally coinciding groups of chemical elements
indicate that the sorbents of As and Mo can be the same
and that the difference between main sorbents of As
and main sorbents of Mo is only relative. Anomalous As
(n = 86) has significant positive Pearson correlation co-
efficients with Zn (r = 0.69, p < 0.0001), Br (r = 0.46, p <
0.0001), Mo (r = 0.40, p < 0.001), Fe (r = 0.25, p < 0.05),
meanwhile anomalous Mo (n = 143) with As (r = 0.42, p <
0.0001), Mn (r = 0.23, p < 0.01), S (r = 0.19, p < 0.05), Fe
(r =0.16, p < 0.05). Significant correlation between As and
Mo in both datasets can be explained by significant corre-
lation of both elements with Fe. In the data set of 170 ano-
malous samples, where at least one of two elements (As
or Mo) exceeds MPC, there are even 59 samples (34.7%)
where both elements have anomalous contents. This fact
once again confirms that the reasons for high content of
As and Mo are very similar. The above-mentioned eight
chemical elements are related to organic, carbonate or
other authigenic components of lacustrine sediments. So
biogenic and authigenic sedimentation processes were the
main reason for As and Mo anomalies.

3. Discussion

The fact that part of Quaternary interglacial sediments is
enriched in As and Mo adds information to the findings
of researchers who emphasise the role of natural sources
of contamination and at the same time stimulates further
research. Contamination by As from natural sources has
been investigated much more compared with Mo.

The geochemical atlas of Europe does not show lar-
ge-scale anthropogenic contamination by As, but “there are
significant areas with naturally occurring high As levels,
many of which are above currently used national acceptable
guideline values” (Salminen et al. 2005). According to Wang
and Mulligan (2006a), the main natural As sources in Cana-
da are weathering and erosion of arsenic-containing rocks
and soil. Not only volcanic rocks, their weathering products

and ash, hydrothermal ore deposits and geothermal waters
can be sources of As, but also oceanic sedimentary rocks
(e.g. phosphorites) (Baturin 2008), or fossil fuels (e.g. coals)
(Yudovich, Ketris 2005). Black shales deposited in stagnant
aquatic environments with high organic productivity and
oxygen deficiency at the bottom contain especially high As
contents (Paikaray 2012).

Natural sources of Mo are known to form (e.g. in pe-
lagic zones of oceanic sediments which contain ferroman-
ganese nodules) (Dubinin et al. 2008). Black shales can be
enriched in Mo reaching 70 mg/kg (Salminen et al. 2005).
Coal often has rather high Mo content (Sun et al. 2007).

The causes of As enrichment in sedimentary rocks
can be different, because despite solubility of its minerals
and compounds, As migration is greatly limited due to
its intensive sorption (Reimann et al. 2003). Adsorption
and co-precipitation are the main processes controlling
As mobility; this element can be sorbed onto different
mineral surfaces: clay, oxyhydroxides of Fe, Mn, Al and
calcite (Romero et al. 2004), and it can be associated with
organic matter (Fu et al. 2013). Such variety of compo-
nents to which As can be related explains the significant
positive correlation of As with both OM and carbonates
in interglacial sediments. Besides, our investigation has
shown that accumulation of OM and carbonates in inter-
glacial sediments often occurs simultaneously. Higher cor-
relation of As with TOC than with TIC in Netiesos, Slave
and Kudré-915 sections corresponds to the statement of
Reimann et al. (2003) that organic matter may have a mar-
ked influence on As concentration and to the findings of
Meharg et al. (2006) and Zahid et al. (2009). Besides, high
correlation of As with organic matter in these sections
corresponds to previous results from Daumantai section
(Baltrunas et al. 2013a) where correlation of As with TOC
(r = 0.21) was significant (n = 156, p < 0.01), meanwhile
with TIC (r = 0.14) it was insignificant. Daumantai section
consists of sand but some silt interlayers are enriched in
OM, S, Fe, TIC and Ca.
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Adsorption and co-precipitation processes also control
Mo mobility. Molybdenum is well adsorbed by Fe, Al and
Mn oxyhydroxides (Reimann et al. 2003). Since Mo is a bi-
ologically essential element and serves various biochemical
functions (Brucker et al. 2011), its significant correlation
with organic matter in interglacial sediments is understan-
dable. Correlation of authigenic Mo with TOC has been ob-
served in different objects, e.g. Tanganyika lake sediments
(Brucker et al. 2011), marine oil shale from northern Tibet
(Fu et al. 2013). Higher correlation of Mo with TIC than
with TOC in interglacial sediments can be explained by the
fact that molybdate oxyanions are readily co-precipitated
not only by OM, but also by CaCO, and several cations:
Pb*, Cu*, Zn*, Mn?**and Ca*" (Salminen et al. 2005).

Not only interglacial sediments of Lithuania are enri-
ched in As and Mo. Both As and Mo are also among the
most enriched trace elements in marine oil shale (Fu et al.
2013). The relationship of As and Mo and their correlation
with Fe in interglacial sediments enables us to presume that
their enrichment can be related either to sulphides or to Fe
oxyhydroxides, because the experience from Latin America
has shown the importance of these minerals for As distribu-
tion (Bundschuh et al. 2012). According to Paikaray (2012)
who studied black shales, iron sulphidization occurs in re-
latively deeper depositional environments. These conditions
favour a stagnant euxinic layer for OM deposition, besides,
lack of clastic dilution enhances OM deposition. Microbial
sulphate reduction to hydrogen sulphide and subsequent
precipitation as metal sulphides takes place there (Paika-
ray 2012). Fu et al. (2013) explained As and Mo anomalies
in marine oil shale by sulphide minerals and organic mat-
ter. Arsenic in coal is also either in sulphides or in organic
compounds, both being authigenic (Yudovich, Ketris 2005).
However, since correlation of As with S in anomalous inter-
glacial sediments is not significant, the second presumption
about relationship of As and Mo with Fe oxyhydroxides
seems to us more reasonable. The relationship of As with
Fe oxides and hydroxides has been proven by SEM image
analysis of some stream sediments from Greece (Alexakis
2011). Increased contents of Fe, Mn, Mo and P were ob-
served in FeOOH_ layers; the explanation was that Fe and
Mn oxides strongly absorb oxyanions such as phosphate,
arsenate and molybdate (Zahid et al. 2009).

The possibility of As and Mo release from interglacial
sediments is still not estimated. About 18% of the total
content of As and Mo may not be extracted from soil even
by aqua regia, because their median degree of extractabil-
ity in aqua regia from some European soil samples anal-
ysed by ISE participants is only 82% (Taraskevicius et al.
2013). In agricultural soils of 10 European countries the
respective index for As is even lower: from 28% in Russia
to 77% in Lithuania and Poland (Reimann et al. 2003).

On the other hand, obvious release of As from Ho-
locene aquifers to groundwater where As concentration

reached toxic levels has been observed in 61 of 64 districts
of Bangladesh (Zahid et al. 2009). Groundwater in Bangla-
desh when used for irrigation of rice paddies also causes
problems, though the exposure of population to As in rice
is of less concern compared to As in untreated groundwa-
ter (Van Geen et al. 2006).

Release of As to ground- and surface water greatly
depends on pH, redox potential, contents of OM, ions
present and ionic strength (Bundschuh et al. 2012). Na-
tural organic matter not only reduces, but often enhan-
ces, As mobility (Wang, Mulligan 2006b). According
to Bundschuh et al. (2012), remobilisation of As from
metal oxides and oxyhydroxides can be either by their
dissolution under very acid conditions or by desorp-
tion of As from them at high pH (>8) and oxidising
conditions. The mechanisms of As release from black
shales have been investigated by Paikaray (2012); the
conclusion was that in suitable geochemical conditions
these deposits can be important source of As in the en-
vironment.

Conclusions

1. Interglacial sediments, especially enriched in organic
matter, carbonates and other sorbents, comprise one of
the possible natural sources of As and Mo anomalies in
stream sediments of Lithuania.

2. Biogenic and authigenic sedimentation processes often
take place simultaneously and were the main reason for
As and Mo anomalies.

3. Anomalous contents of As and Mo correlate with the
content of Fe, indicating iron minerals as probable
sources and sinks. Anomalies of As are related to orga-
nic matter and partly to carbonates. Mo is more related
to carbonates than to organic matter.
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