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The concentration of dissolved solids in the groundwater of the Šventoji-Aruküla
aquifer system is less than 300 mg/l in the Baltic Highland and increases downgra-
dient towards the West Lithuanian coast. The other major anions and cations
show the same trend as the dissolved solids. The sulfate concentration increase in
West Lithuania is caused mostly by leakage from the overlying Frasnian aquifer
system. The values of hydrogen activity decrease with increasing the content of
dissolved solids from 7.5–8 in the recharge area to less than 7.0 downgradient.
The hydrochemical facies vary from alkali-earth carbonates at the eastern high-
lands plot to alkali-earth carbonate-sulfate and chloride facies at the discharge
area in West Lithuania. The meteoric water percolating through the recharge area
regulates the thermodynamic state of carbonates and aluminosilicates; the ground-
water approaches the calcite and dolomite saturation and also belongs to the
stability field of kaolinite. With an increase in the depth, more active is the satu-
ration with sulfates and chlorides, and during the hydrolysis transformation of
aluminosilicates to kaolinite and illite is intensified. The calcium–magnesium sul-
fate groundwater type is replaced by the transitional water facies from carbonate
to chloride, mostly in the western part of Lithuania. The regional fresh ground-
water flow is generally directed westward from a large, topographically high area
of the Baltic Highland. However the deep groundwater flow is mostly directed
upgradient from the Kaliningrad District toward the fresh groundwater discharge
area on the Baltic Sea coast. At the interface of the two oppositely directed flows,
the hydrochemical trap has formed a large groundwater mixing zone of the tran-
sitional hydrochemical facies types.
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saturation, chloride and bromide ratio, stable isotopes, clay mineral transforma-
tion
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INTRODUCTION

The occurrence area of the Šventoji–Aruküla aquifer
system occupies more than 50 thousand km2 in the
Lithuanian territory and is a groundwater body very
important for potable water supply for municipal and
domestic use. The long-term and large-scale water ne-
eds will require a more intensive exploitation of pro-
ductive bedrock aquifers and quality control. Without
knowledge of the groundwater flow and resources, the
characteristics of the aquifer system, of its hydrochemi-
cal quality cannot be defined efficiently. The proper
use of groundwater resources can be achieved through
understanding the regional hydrogeologic and geologic
framework and its relation to the response of the to-
pographic and hydrologic system to water-supply deve-
lopment. Progress in regional hydrogeology of the
Šventoji–Aruküla aquifer system in Lithuania has been
made owing to investigations of the Baltic States rese-
archers: in general groundwater chemistry – Gatalsky
(1954), Kondratas (1969), Perens and Paltanavièius
(1989), Mokrik (2003); with respect to hydraulic pro-
perties as the hydrogeological parameters, groundwater
resources and chemical discharge – Zektser (1968), Kli-
mas (1974), Juodkazis and Mokrik (1981), Gregoraus-
kas et al. (1984, 1987), Mokrik (2003); in paleohydro-
geology – Mokrik and Petkevièius (2002), Mokrik
(2003).

This paper encompasses the geochemical aspects
of the Šventoji–Aruküla aquifer system in Lithuania.
The hydrogeochemical data used in this study were
compiled from the database of the Lithuanian Geo-
logical Survey and available commercial data files.
The entire hydrogeochemical database contains mo-
re than 1000 entries in a computer-readable form.

METHODS AND PURPOSE

The basic objectives of the study were to use the new
interpretative data on groundwater chemistry for de-
fining its formation. All of these resulting data were
incorporated into water chemistry database analysis
to draw a more comprehensive conception of ground-
water formation and to provide an improved estimate
to qualitative analysis within the aquifers and betwe-
en the flow system boundaries. The objectives of the
Šventoji–Aruküla aquifer system study were (1) to de-
lineate the extent of fresh to saline water in various
hydrochemical facies units, (2) to analyze the thermo-
dynamic state of minerals in the groundwater che-
mistry and in the flow system, (3) to assess the cur-
rent groundwater hydrochemical facies distribution and
to identify the trends of these changes.

The equilibrium thermodynamics of groundwater
was interpreted using the computer code PHREEQE
Interactive 2,8 program which calculates mineral sa-
turation states for an aqueous solution by the che-
mical analysis and physical parameters relative to car-

bonate, sulfate, chloride and clay minerals. In con-
junction with this investigation of the regional
Šventoji–Aruküla aquifer system, there was delinea-
ted the potentiometric topography according to the
hydrogeological map (Hydrogeological Map …, 1982),
and a numerical simulation model of the confined
groundwater flow in natural steady-state conditions
was constructed (Mokrik, 2003). The potentiometric
maps were used as the information on groundwater
discharge direction that provided interpretation of
the facies geochemistry.

DISCUSSION

Hydrochemical zonality and formation of groundwa-
ter chemical composition
The fresh groundwater downgradient flow of the
Šventoji–Aruküla aquifer system is directed westward
from the Baltic Highland toward the discharge area
in the Baltic Sea. The lithological and mineral com-
position, hydraulic parameters and depth of aquifer
rocks, their physical-geographical situation, orographic
system, etc. determine the velocity of groundwater
filtration, the distribution of hydrochemical facies and
their peculiarities. The alternation of the hydroche-
mical facies from infiltration to discharge area rep-
resents the hydrochemical zonality of the aquifer sys-
tem (Fig. 1). The hydrochemical map is grounded
on the hydrochemical classification of the Baltic ar-
tesian basin, which is based on metamorphization
degree – (rNa++rCl–)/rHCO3

– (Jurgaitis, Mokrik,
1990) and location of boreholes (Fig. 2). The values
of groundwater metamorphization degree reflect the
ratio of dissolved sodium and chloride concentra-
tions of a deep and bicarbonate concentration of
shallow groundwater, which changes toward the flow
path in appropriate diapasons perfectly. Consequent-
ly, the intervals of continuous range of metamrphi-
zation degree modify the particular hydrochemical
facies of groundwater.

There are three lateral hydrochemical facies in the
Šventoji–Aruküla aquifer system. The first corresponds
to the carbonate class groundwater – Ca-HCO3 (C1a),
Mg-Ca-HCO3 (C1b-c), Na-HCO3 (C2) hydrochemical
facies. It is prevalent in the eastside, central and north-
west parts of Lithuania. The body thickness is irregu-
lar, sometimes slenderizes and even disappears. It de-
pends on the impact of meteoric water. Metamorphi-
zation degree reaches up to 2.3 and mineralization
varies in the range of 0.2–1.2 g/l. The fourth facies is
transitional from carbonate to chloride class, where
HCO3-Cl (C-Cl). The fifth, Ca-Na-Cl (Cl1), and the
sixth, Mg-Na-Cl (Cl2), hydrochemical facies belong to
the chloride class of groundwater. The influence of
sulfates is appreciable in the groundwater of the 2nd–
5th facies zones. The values of groundwater meta-
morphization degree increased from 2.3 to 300 in chlo-
ride class facies. At least the Na-Cl (Cl3) hydrochemi-
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cal facies belongs to the deep saline hydrochemical
zone which is prevalent only on the area of the Baltic
Sea coast, where the degree of mineralization and
metamorphization is the highest, reaching 34.4 g/l and
2900, respectively.

Carbonate cement dissolution
Groundwater chemistry particularly depends on the
type of rocks through which groundwater flows. Car-
bonate minerals are found in the cement of the De-
vonian Šventoji–Aruküla aquifer system sandstones
and mostly prevail in the Quaternary aquifer system.
Such minerals are well soluble in the CO2-rich
groundwater, so they form a carbonate type chemi-
cal composition of groundwater rapidly and signally.
Meteoric water has a great influence and intense
impact on the soil and sediments in the active
groundwater exchange zone. During filtration through
the soil, it saturates with CO2 because of the degra-

dation of organic matter and becomes aggressive to
calcite substances:

CaCO3 + CO2 + H2O = Ca2+ + 2HCO3
–. (1)

Groundwater becomes high in Ca2+ and HCO3
– ions.

When groundwater mineralization is higher, partial pres-
sure of carbon dioxide increases from the meteoric ave-
rage (10–3,5) to 10–2 atm. As a result, Ca-HCO3 ground-
water is formed. Increasing further (from 10–2 to 10–1,5

and more), groundwater composition comes closer to
the equilibrium with calcite and dolomite. Carbon dio-
xide affects rocks intensively, and Ca-HCO3 groundwa-
ter leaches the dolomite cement, resulting in dedolomi-
tization. In this way, the Šventoji–Aruküla aquifer sys-
tem groundwater receives higher calcium, magnesium and
bicarbonate concentrations (Mokrik, Petkevièius, 2002):

Ca2+ + HCO3
– + CaMg(CO3)2 + H2O = Ca2+ +

Mg2+ + CaCO3 + 2HCO3
– + OH–.         (2)

Fig. 1. Hydrochemical map of the Šventoji–Aruküla aquifer system.
1–7 – distribution of groundwater hydrochemical facies: 1 – calcium bicarbonate – C1a (Ca-HCO3); 2 – calcium-
magnesium bicarbonate or magnesium-calcium bicarbonate – C1b-c (Ca-Mg-HCO3 or Mg-Ca-HCO3); 3 – sodium bicar-
bonate – C2 (Na-HCO3); 4 – bicarbonate-chloride – C-Cl (HCO3-Cl); 5 – calcium-sodium chloride – Cl1 (Ca-Na-Cl);
6 – magnesium-sodium chloride – Cl2 (Mg-Na-Cl); 7 – sodium chloride – Cl3 (Na-Cl); 8 – sulfate saturation degree
isoline (S1 – 20–40; S2 – 40–60; S3 – 60–80; S4 – >80%-eq/l correspondingly); 9 – boundary of the aquifer system
1 pav. Ðventosios-Arukiulos vandeningo komplekso hidrocheminis þemëlapis.
1–7 – poþeminio vandens hidrocheminiø tipø paplitimas: 1 – kalcio hidrokarbonatinis – C1a (Ca-HCO3); 2 – kalcio-magnio
hidrokarbonatinis arba magnio-kalcio hidrokarbonatinis – C1b-c (Ca-Mg-HCO3 arba Mg-Ca-HCO3); 3 – natrio hidrokar-
bonatinis – C2 (Na-HCO3); 4 – hidrokarbonatinis chloridinis C-Cl (HCO3-Cl); 5 – kalcio-natrio chloridinis – Cl1 (Ca-Na-
-Cl); 6 – magnio natrio chloridinis – Cl2 (Mg-Na-Cl); 7 – natrio chloridinis – Cl3 (Na-Cl); 8 – sulfatø prisotinimo laipsnio
izolinija (atitinkamai: S1 – 20–40; S2 – 40–60; S3 – 60–80; S4>80%-eq/l); 9 – vandeningo komplekso paplitimo riba



Robert Mokrik, Aurelija Baublytë58

Dedolomitization is also conditioned by Ca–SO4
groundwater type in the western part of Lithuania. For
example, in borehole 26418 groundwater is of calcium–
magnesium bicarbonate–sulfate hydrochemical compo-
sition, where SO4

2– concentration varies in the range of
84–87%-eq/l, and is onward of saturation and slightly
supersaturated for calcite. The saturation index (SI)
with dolomite is somewhat higher, but still differs by
±0.5 from the equilibrium. The ratio of [aMg2+] /
[aCa2+] fluctuates from 0.7 to 0.8. In that case,

1.8 CaSO4 + 0.8 CaMg(CO3)2 = 1.6 CaCO3 +
Ca2+ + 0.8 Mg2+ + 1.8 SO4

2–.                (3)

The reaction indicates that SO4
2– concentration

rises with the concentrations of Ca2+ and Mg2+. Con-
sequently, the activity of hydrogen plunges and CO2
partial pressure grows.

The above described processes determine the spre-
ad of Ca–Mg–HCO3 (C1b-c) groundwater facies in

Fig. 2. Location map of boreholes with chemical database:
1 – borehole number; 2 – boundary of the aquifer system
2 pav. Faktiniø duomenø þemëlapis:
1 – græþinio numeris, 2 – vandeningo komplekso paplitimo riba

Fig. 3. Groundwater saturation indices (SI) with calcite
and dolomite depending on metamorphization degree diag-
rams (symbols demonstrate hydrochemical facies of ground-
water)
3 pav. Kalcito ir dolomito prisotinimo indeksø (SI) pri-
klausomybës nuo metamorfizacijos laipsnio (sutartiniai þen-
klai nurodo poþeminio vandens hidrocheminius tipus)
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the Šventoji–Aruküla aquifer system. Ca2+ may
amount to 66, Mg2+ to 48, and HCO3

– ion concen-
tration may reach even a milliequivalent percentage
in such type of groundwater. Since these cations ha-
ve almost equal concentrations, one may come to a
conclusion that they are formed during the dolomite
cement dissolution.

After designing the stability diagram of calcite and
dolomite depending on the hydrogen and carbon dio-
xide partial pressure, and calculating the saturation
indices with calcite and dolomite, we observed that
groundwater with negative SI values was located be-
fore the calcite equilibrium line. The distribution of
dots below zero in the diagrams of saturation indices
dependence of metamorphization degree modifies
groundwater subsaturation with the above mentioned
minerals (Fig. 3.). Consequently, an intensive dissolu-
tion of carbonate cement takes place. On drawing an
equilibrium line, the saturation index with calcite be-
comes positive and with dolomite remains negative. It
means that in this zone, on the one hand precipita-
tion of calcite begins and, on the other hand, satura-
tion with dolomite continues. On overpassing the do-
lomite equilibrium line, both these indices are positi-
ve and groundwater turns into metastable state when
saturated with Ca2+ and Mg2+, but there is no preci-
pitation because of the other ions’ hydratation.

As the reaction (1) shows, CO2 is used when dis-
solution of carbonate cement takes place. Groundwa-
ter with a larger degree of metamorphization is for-
med in the deeper areas, and the closed system is far
away from the equilibrium with carbonates in the cal-
cite and dolomite stability diagram (Figs. 3 and 4). In
such circumstances, the velocities of exchange are dis-
tinctly lower. Because there is no CO2 production and
the partial pressure varies from 10–1,5 to 10–3 atm. and
lower, the dissolution of carbonates is not intensive
or doesn’t proceed at all. Then the HCO3

– concentra-
tion decreases apace: from 39%-eq/l in the bicarbo-
nate-chloride to 0.1%-eq/l in the sodium chloride hyd-
rochemical facies. If dissolution processes of evapora-
te minerals take place, groundwater tends to reach an
equilibrium with sulfates. The equilibrium diagrams
of dolomite-calcite and clay minerals show that in
groundwater with a higher metamorphization degree
without dolomite cement dissolution, aluminosilicate
weathering is active and the samples of groundwater
sites lie in Mg-montmorillonite (smectite) and kaoli-
nite stability fields (see Fig. 4).

It was noted that with an increase in depth and
metamorphization degree from the Ca–Mg–HCO3 to
Na–Cl hydrochemical type of facies, groundwater is
saturated with calcite and dolomite several times (see
Fig. 3). When the secondary formation of carbonate

Fig. 4. Stability diagrams of silica and clay minerals (1 – number of borehole and chemical analysis)
4 pav. Poþeminio vandens pusiausvyros su siliciu ir molio mineralais diagramos (1 – græþinio ir cheminës analizës
numeris)
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cement proceeds, the concentration of Ca2+ and Mg2+

ions drops in groundwater. Then Na+ ion is trying to
aggregate with HCO3

–. As a result, groundwater with
a higher concentration of sodium is formed. Besides,
aluminosilicates and clayey rocks can be a source of
sodium. When Ca-Mg-HCO3 groundwater is percola-
ting through them, the weathering of feldspars and
cation exchange reactions follow on the clayey rock
surface. This means that Ca2+ interacting with clay
particles enters their composition and Na+ is hustled
into a solution. Such increment of Na+ concentration
is observed in the C2 and C–Cl hydrochemical facies.
Furthermore, in the range of the latter, the transitio-
nal area of the Šventoji–Aruküla aquifer system ex-
tends; there carbonate and chloride hydro-
chemical facies are mixed, Ca2+ being re-
placed by Na+ and HCO3

– by Cl–.
In the chloride facies, groundwater sa-

turation with calcite and dolomite is also
observed, since there is no additional CO2
production in a closed system; during dis-
solution of carbonate cement groundwater
consumes it, and CO2 content is rapidly
used up. In the stability diagram of calcite
and dolomite, depending on hydrogen and
carbon dioxide partial pressure, the ground-
water receding from the equilibrium with
calcite and dolomite becomes increasingly
negative. As a result, in the solution Ca2+

and Mg2+ are replaced by Na+ while HCO3
–

by Cl– and SO4
2–.

Clay minerals as aluminosilicate weathe-
ring products
Clay mineral as an insoluble remnant can
be formed during an incongruent dissolu-
tion of aluminosilicates. The stability diag-
rams of anorthite, albite, potassium feldspar
and biotite provide a better understanding
of stability relation between minerals and
groundwater in a complicated thermodyna-
mic system. In this instance, the stock of
silica is important to measure, because the
effect of silicate weathering on water che-
mistry is primarily expressed as addition of
cations (Na+, Ca2+, Mg2+, K+) and silica.

Using albite as an example, the trans-
formation into different weathering pro-
ducts can be described by the following
equations (Appelo, Postma, 1993):

3NaAlSi3O8 + Mg2+ + 4H2O =
2Na0,5Al1,5Mg0,5Si4O10(OH)2 + 2Na+ +
H4SiO4.                            (4)

2NaAlSi3O8 + 2H+ + 9H2O =
Al2Si2O5(OH)4 + 2Na+ + 4H4SiO4.    (5)

The change of albite into kaolinite and
monmorillonite clay minerals represents an

increasing removal intensity of silica and sodium ca-
tions from the weathering product. When albite trans-
forms into montmorillonite, groundwater leaches 89%
and if into kaolinite – 33% of silica (Appelo, Post-
ma, 1993). Which clay mineral will form depends
also on groundwater exchange intension.

Thermodynamic analysis demonstrates that when
albite, anorthite and biotite are hydrolized, all data
points locate in the stability plot of kaolinite (see
Fig. 4). The main reactions of aluminosilicate trans-
formation into kaolinite are (Appelo, Postma, 1993):

2NaAlSi3O8 + 2H+ + 9H2O = Al2Si2O5(OH)4 +
2Na+ + 4H4SiO4.                            (6)

2KAlSi3O8 + 2H+ + 9H2O = Al2Si2O5(OH)4 +
2K+ + 4H4SiO4.                             (7)

Fig. 5. Piper diagram showing groundwater composition.
1–7 – hydrochemical facies of groundwater: 1 – C1a, 2 – C1b-c, 3 –
C2, 4 – C-Cl, 5 – Cl1, 6 – Cl2, 7 – Cl3; 8 – borehole with measured
SiO2 content in groundwater
5 pav. Poþeminio vandens cheminës sudëties pokytis pagal Piperio
diagramà. 1–7 – poþeminio vandens hidrocheminiai tipai: 1 – C1a,
2 – C1b-c, 3 – C2, 4 – C-Cl, 5 – Cl1, 6 – Cl2, 7 – Cl3; 8 – græþinys,
kurio poþeminiame vandenyje analitiðkai nustatytas SiO2 kiekis
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CaAl2Si2O8 + 2H+ + H2O = Al2Si2O5(OH)4 +
Ca2+.                                       (8)

2K[Mg2Fe][AlSi3]O10(OH)2 + 10H+ + 0,5O2 +
7H2O =

Al2Si2O5(OH)4 + 2K+ + 4Mg2+ + 2Fe(OH)3 +
4H4SiO4.                                    (9)

In the stability diagram with silica and clay mine-
rals, when K-feldspar is hydrolyzing, the data points
of the 4pe and 1pe boreholes locate in the stability
plot of muscovite (or seawater) and of 4266 on the
precipitation line of illite. In the Šventoji–Aruküla
aquifer system, kaolinite amounts to 35% and illite
from 65 to 99% of clay minerals in the terrigenous
formation. Hydrated muscovite particles are also pre-
sent here (Narbutas, Uginèius, 2001). Thus, the ob-
tained results do not contradict the distribution of
clay minerals in the aquifer system and show that

during metamorphization ground-
water is able to produce these mi-
nerals. It should be emphasized
that aluminosilicate weathering and
the formation of clay minerals is a
very slow process and does not ha-
ve such a distinct and rapid effect
on groundwater chemical composi-
tion as dissolution of carbonates.
Groundwater of almost all boreho-
le sites in the stability plot of do-
lomite in the diagram of dolomi-
te–calcite and clay minerals shows
an equilibrium, because this diag-
ram is applied to analyze the pro-
cesses in the carbonate system.
Thus, it means that alongside alu-
minosilicate weathering, the disso-
lution of dolomite cement also pro-
ceeds in groundwater. Besides, in
some cases even carbonate preci-
pitation can be a result of silicate
weathering (Appelo, Postma, 1993).
The point of borehole 4294 lies in
the stability field of Mg-montmo-
rillonite, and in the stability diag-
ram with silica and clay minerals
it is removed from the zone of car-
bonate equilibrium. Plausible for-
mation of montmorillonite could be
related here to the larger concen-
trations of bicarbonates formed du-
ring kaolinite hydrolization (Gar-
rels, Mackenzie, 1997):

3Al2Si2O5(OH)4 + 2Mg2+ +
2Na+ + 6HCO3

– + 10H4SiO4aq =
4Na0,5Al1,5Mg0,5Si4O10(OH)2 +

6H2CO3 + 19H2O.        (11)

Formation of groundwater chemistry
The Ca-HCO3 (C1a) and Ca-Mg-HCO3 (C1b-c) hyd-
rochemical types of groundwater (mineralization do-
es not reach 0.7 g/l) have the lowest metamorphiza-
tion degree (up to 0.33) and are formed in the ac-
tive groundwater exchange zone where the aquifer
system is covered only by the Quaternary sediments
and has a close hydraulic interaction with its water,
especially in river valleys. These hydrochemical fa-
cies of groundwater are located in the left corner of
the Piper diagram where the percentage of calcium,
magnesium and bicarbonate ions is the utmost, and
are formed under the intensive infiltration of mete-
oric water which conditions an active dissolution of
the carbonate cement of Quaternary and Devonian
sediments in the Baltic Highland area (Fig. 5). Car-
bon dioxide is added to the percolation water at the
recharge area along its flowpath, followed by its in-

Fig. 6. Characteristic coefficient (SO4
2–+ Mg2+) / Cl– versus TDS diagram.

1–7 – hydrochemical facies of groundwater: 1 – C1a, 2 – C1b-c, 3 – C2, 4 –
C-Cl, 5 – Cl1, 6 – Cl2, 7 – Cl3; 8 – borehole with measured SiO2 content in
groundwater
6 pav. Koeficiento (SO4

2– + Mg2+) / Cl– priklausomybës nuo TDS diagrama.
1–7 – poþeminio vandens hidrocheminiai tipai: 1 – C1a, 2 – C1b-c, 3 – C2,
4 – C-Cl, 5 – Cl1, 6 – Cl2, 7 – Cl3; 8 – græþinys, kurio poþeminiame vandenyje
analitiðkai nustatytas SiO2 kiekis
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teraction with carbonate compounds. In a diagram
of the characteristic coefficient (SO4

2– + Mg2+) / Cl–

versus TDS (total dissolved solids), this groundwater
is shifted from the SDL (sea dilution line) to the
left, because it has the highest values of the mentio-
ned coefficient (3–34 meq/l) and the lowest TDS
values (9–19, sometimes 24 meq/l) (Fig. 6).

Hydrochemical type sulfates are prevalent in both
active and delayed groundwater exchange zones in
the western part of Lithuania. The maximum con-
tent of sulfate ions is characteristic of sodium bicar-
bonate (C2), bicarbonate-chloride (C-Cl) and calcium
sodium chloride (Cl1) hydrochemical facies, and is
coherent mostly with the leakage process from the
overlying Frasnian aquifer system and may amount
up to 87%-eq/l. In this type of groundwater, sulfate
production processes are proceded by the dissolu-
tion of Frasnian gypsum:

 CaSO4 · 2H2O = SO4
2– + Ca2+ + 2H2O.   (12)

This reaction moves the groundwater chemical
composition from the conservative mixing line with
a parallel shift towards the SO4

2– + Cl– side in the
Piper diagram. The rise of SO4

2– ions results in hig-
her TDS (to 48%-eq/l) and a shift from the SDL to
the upward right, though southwest down toward the
Baltic Sea coast the concentration of sulfate ions
decreases, while hydrochemical type sulfates disap-
peared because of a rise of mineralization and Cl–

content.
Sodium bicarbonate (C2) and bicarbonate–chlori-

de (C–Cl) hydrochemical facies are fored during an
intensive mixing of the active and the delayed ex-
change zones in the transitional area. In the nort-
hwest of Lithuania, fresh groundwater declining down
from the Þemaitija Highland to the depth of 400 m
still belongs to the C2 hydrochemical facies because,
on account of a good permeability, the internal (tran-
smissivity is still 100–300 m2/d), mineralization does
not exceed 1 g/l and the metamorphization degree is
not higher than 2.3. In the transitional area, cation
exchange processes may enrich Ca-Mg-HCO3 hydro-
chemical groundwater facies with sodium ions. Inde-
ed, sodium amounts to 58%-eq/l in C2 and
61%-eq/l – in C-Cl hydrochemical facies. However,
the sodium ion is dominant in the bicarbonate hyd-
rochemical class at the very rare intervals. Ground-
water chemical composition is moved to the SO4

2– +
Cl– and Na+ + K+ corner in the Piper diagram, in-
dicating that due to carbonate cement dissolution
the concentration of HCO3

–, Mg2+, Ca2+ ions incre-
ases.

Westward, due to the growth or metamorphiza-
tion degree from 12 to 2900, the hydrochemical fa-
cies of the chloride class gradually change from cal-
cium sodium chloride, magnesium sodium chloride
to sodium chloride. Such chemical composition of

groundwater is located parallel to the Ca2++ Mg2+

side in the upper part of the Piper diagram, imply-
ing an exchange of cations when the exchanger ta-
kes up sodium and Ca2+ is released into groundwa-
ter:

NaCl + 2Ca2+(solid) = CaCl2 + Na(solid).   (13)

However, the calcium chloride facies does not form
in the Šventoji–Aruküla aquifer system and is charac-
teristic only of an extra isolated environment with an
intensive metamorphism and diagenesis. However, the
stock of Ca2+ ions is lower than 20%-eq/l only in rare
places. The reason for its relative decrease could be
precipitation of carbonate cement.

Groundwater of Cl2 and Cl3 hydrochemical facies
is situated above the SDL and is close to the seawa-
ter point. The Cl/Br ratio, which identifies the gene-
sis of salt water, was calculated for the 4pe (depth
488–502 m) and 1pe (depth 666–680 m) boreholes
(Palanga). The mineralization reached 14.2 and 34.3
g/l, the concentration of Br– ions being 44 and 115.3
mg/l and of Cl– 7151 and 19259 mg/l, respectively.
The value of the average estimated Cl/Br ratio is
161. Since the ratio of the seawater is ∼ 280, the
implication is that this mineralized groundwater is
diluted with the fresh one.

In Fig. 6, the groundwater composition of some
boreholes in the southern part of the aquifer system
shifts into plot M. The value of the scharacteristic
coefficient (SO4

2– + Mg2+) / Cl– lowers to 0.7 be-
cause of a considerable growth of Cl– ion concentra-
tion, though mineralization doesn’t exceed 0.9 g/l (ex-
cept for boreholes 4736 and 6688, where due to an
increase of SO4

2– ions the concentration grows to 1.2
and 1.3 g/l respectively). Such a composite Na-Ca-
(Mg)-HCO3, rarer Ca-Mg-(Na)-HCO3-Cl or Cl-HCO3
hydrochemical type could result from groundwater
mixing with water of glacial origin in the Pleistoce-
ne. Besides, as data show, because of a slower ver-
tical groundwater exchange there is a noticeable dif-
ference in metamorphization, mineralization and che-
mical composition between the upper and the lower
parts of the aquifer system. For example, at a depth
of 247 m (borehole 1514), Na-Cl-SO4 hydrochemical
groundwater type with a 0.7 g/l mineralization (me-
tamorphization degree 5.7) occurs (where Na+ ions
amount to 59, Ca2+ 22, Mg2+ 19, Cl– 48, SO4

2– 33,
HCO3

– 19 %-eq/l, respectively). At a depth of about
318 m mineralization grows to 2.89 g/l (metamorphi-
zation degree reaches up to 17.8) and groundwater
of hydrochemical type turns into Na-Ca-Cl-SO4 (Na+

ion concentration equals to 43, Ca2+ 38, Mg2+ 19,
Cl– 61, SO4

2– 33, HCO3
– 6 %-eq/l, respectively). Thus,

in the deeper part of the aquifer system, more mi-
neralized and metamorphozed groundwater with hig-
her concentrations of Ca2+ and Cl– and lower levels
of Na+ and HCO3

– ions occurs and shifts closer to
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the SDL line. Such differences in groundwater che-
mical composition reflect the mixing effect of mine-
ralized and fresh water. The deeper part of ground-
water is located in the cation exchange zone and of
the upper part is not so far from the conservative
mixing line in the Piper diagram. The concentration
of stable isotopes should be measured for a more
precise identification of this groundwater formation.
The deep groundwater flow is directed upgradient
from the Kaliningrad District toward the fresh
groundwater discharge area on the Baltic Sea coast.
At the interface of the two opposite flows the hyd-
rochemical trap boundary is formed, reflecting a lar-
ge groundwater mixing zone with transitional hydro-
chemical facies types.

CONCLUSION

Groundwater chemistry data of the Šventoji–Aruküla
aquifer system were classified and grouped into se-
ven hydrochemical facies throughout fresh and sali-
ne water. The data were also evaluated with regard
to the equilibrium groundwater thermodynamics
using a computer code program which calculates sa-
turation states for an aqueous solution relative to
carbonate, sulfate, chloride and clay minerals. On
the highlands, dissolution of carbonate minerals by
fresh water is the main source of calcium, magne-
sium and bicarbonates, and water has a low content
of dissolved solids. The calcium bicarbonate and mag-
nesium calcium bicarbonate compositions have TDS
less than 450–600 mg/l and pH less than 7.5. Dow-
ngradient the active water exchange zone, sodium
bicarbonate becomes dominant and groundwater has
TDS of 550–800 mg/l. The sulfate concentration is
high in West Lithuania where groundwater recharge
occurs through the overlying Frasnian aquifer which
contains chemical components of gypsum. Most alu-
minosilicate minerals do not react to the equilibrium
but can still have an effect on groundwater chemist-
ry through cations. On the groundwater stability diag-
rams, the dominant clay mineral is kaolinite. Ground-
water in the deepest part is saline and of sodium
chloride type. The regional fresh groundwater flow
is generally westward from a large, topographically
high area of the Baltic Highland. The deep ground-
water flow is directed upgradient from the Kalining-
rad District towards the fresh groundwater discharge
area on the Baltic Sea coast. At the interface of the
two opposite flows, the hydrochemical trap boundary
has formed a large groundwater mixing zone with
the transitional hydrochemical types of facies.
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Robertas Mokrikas, Aurelija Baublytë

LIETUVOS ŠVENTOSIOS-ARUKIULOS VANDENINGO
KOMPLEKSO POÞEMINIO VANDENS GEOCHEMIJA

S a n t r a u k a
Sistemoje „dolomitas – kalcitas ir molio mineralai“, atsiþvel-
gus á vandenilio rodiklá ir CO2 parcialiná slëgá, kalcito bei
dolomito prisotinimo indeksø (SI) priklausomybës nuo me-
tamorfizacijos laipsnio diagramas ir sudarius pusiausvyros su
kalcitu bei dolomitu grafikus nustatyta, kad atmosferinis
vanduo dirvoþemyje ir kvartero komplekse, praturtëjæs an-
glies dvideginiu, tampa agresyvus karbonatiniam vandenin-
go komplekso uolienø cementui. Já tirpindamas poþeminis
vanduo praturtëja Ca2+, Mg2+, HCO3– jonais – taigi didëja
poþeminio vandens mineralizacija. Ðiuo atveju daugiausia
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formuojasi kalcio-magnio hidrokarbonatinio tipo poþeminis
vanduo. Ðá dedolomitizacijos procesà lemia ir kalcio sulfa-
tinio tipo poþeminis vanduo. Didëjant metamorfizacijos
laipsniui ir gyliui, keièiasi poþeminio vandens hidrocheminis
tipas – nuo kalcio-magnio hidrokarbonatinio iki natrio chlo-
ridinio. Atviros sistemos sàlygomis poþeminis vanduo kelis
kartus prisisotina antriniu kalcitu ir dolomitu. Taèiau chlo-
ridinio tipo poþeminis vanduo formuojasi uþdaroje sistemo-
je, kurioje praktiðkai nëra anglies dvideginio prieaugio, o já
sunaudojus karbonatinis cementas nebetirpsta.

Poþeminio vandens pusiausvyros su silicio ir molio minera-
lais analize nustatyta, kad vykstant aliumosilikatø iðplovimui ðie
netapaèiai transformuojasi á molio mineralus. Poþeminis van-
duo praturtinamas natrio, kalcio, magnio ir kalio jonais bei si-
liciu. Termodinaminës diagramos rodo, kad hidrolizuojantis al-
bitui, anortitui ir biotitui, poþeminio vandens ëminiø analizës
iðsidësto kaolinito stabilumo lauke, o hidrolizuojantis kalio lau-
ko ðpatui – muskovito arba jûrinio vandens ir ilito.

Piperio diagramoje poþeminio vandens tipø iðsidëstymas
vaizduoja vandeningame komplekse vykstanèius procesus.
Nustatyta, kad: 1) aktyvios apykaitos zonoje plaèiausiai pa-
plitæs kalcio-magnio hidrokarbonatinis poþeminis vanduo
formuojasi intensyviai tirpinant karbonatiná cementà; 2) sul-
fatinio tipo poþeminis vanduo formuojasi dël sulfatø prieta-
kos ið aukðèiau slûgsanèio franio komplekso ir yra lydimas
sulfatø redukcijos; 3) natrio hidrokarbonatinio tipo poþemi-
nis vanduo Ðventosios-Arukiulos vandeningame komplekse
praktiðkai nesiformuoja, nes dël karbonatinio cemento tir-
pinimo poþeminiame vandenyje padaugëja kalcio ir magnio
jonø, kurie daþniausiai virðija natrio koncentracijà; 4) per-
einant ið aktyvios apykaitos zonos á sulëtëjusià, dël kalcito

ir dolomito antrinio iðkritimo á nuosëdas ir sumaþëjusio CO2

parcialinio slëgio maþëja kalcio, magnio bei hidrokarbona-
to jonø ir poþeminis vanduo pereina á chloridiná tipà.

Ðîáåðò Ìîêðèê, Àóðåëèÿ Áàóáëèòå

ÃÅÎÕÈÌÈß ÏÎÄÇÅÌÍÛÕ ÂÎÄ ØÂßÍÒÎÉÑÊÎ-
ÀÐÓÊÞËÀÑÊÎÃÎ ÊÎÌÏËÅÊÑÀ ËÈÒÂÛ

Ð å ç þ ì å
Ðàññìîòðåíî ðàñïðåäåëåíèå ãèäðîõèìè÷åñêèõ ôàöèé
ïîäçåìíûõ âîä Øâÿíòîéñêî-Àðóêþëàñêîãî
êîìïëåêñà Ëèòâû. Â âîäîíîñíîì êîìïëåêñå
ôîðìèðóþòñÿ êàðáîíàòíûé, ñóëüôàòíûé è
õëîðèäíûé òèïû ïîäçåìíûõ âîä çà ñ÷åò ïðîöåññîâ
ñìåøåíèÿ ïðåñíûõ è ñîëåíûõ âîä, êàòèîííîãî
îáìåíà è ñóëüôàòðåäóêöèé. Â âîäîíîñíîì
êîìïëåêñå ïðåîáëàäàþò âûùåëà÷èâàíèå êàðáîíàòîâ
ñ îáðàçîâàíèåì âîä òèïà Ca-Ìg-HCO3, à òàêæå èõ
âûïàäåíèå â îñàäîê ïî ìåðå ïîãðóæåíèÿ êîìïëåêñà
â îáëàñòè òðàíçèòà. Áîëåå ñîëåíûe âîäû
îáðàçîâàëèñü â îñíîâíîì çà ñ÷åò ïðîöåññîâ
êàòèîííîãî îáìåíà, âûùåëà÷èâàíèÿ ñóëüôàòîâ è
õëîðèäîâ, à òàêæå àëþìîñèëèêàòîâ. Ôàöèè
õèìè÷åñêîãî ñîñòàâà ðàñïðåäåëåíû ñëåäóþùèì
îáðàçîì: íà âîñòîêå Ëèòâû ðàñïðîñòðàíåíû
Ca-HCO3, Ca-Mg-HCO3, Na-HCO3 è HCO3-Cl, à íà
çàïàäå – ñîîòâåòñòâåííî Ca-Na-Cl, Mg-Na-Cl è
Na-Cl òèïû ïîäçåìíûõ âîä. Ñòåïåíü íàñûùåííîñòè
ïîäçåìíûõ âîä îïðåäåëÿëàñü ñ èñïîëüçîâàíèåì
êîìïüþòåðíîé ïðîãðàììû PHREEQE Interactive 2.8.


