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The Danube-Tisza Interfluve has an agricultural economy but is plagued by severe problems of
soil and wetland salinization. The objective of the study was to determine the source of the salts and
the controls and mechanism of their distribution. For the Danube-Tisza Interfluve two different
groundwater flow regimes, namely a gravity-driven meteoric fresh water regime and an
overpressured saline water one, were identified within the framework of the Danube-Tisza
Hydrogeologic Type Section (Madl-Szényi and Téth 2009). It was also recognized that the salts
originate partly from the basin sediments and partly from the basin basement. The latter contains
NaCl-type water with 10000-38000 mgL! total dissolved solid content. The vertical flow through
conductive faults and the cross-formational ascent of the deep waters, combined with the
gravitational systems' geometry and the flow-channeling effect of the near-surface rocks, explain the
pattern of soil salinization and the contrasting chemistry between the wetlands of Danube Valley and
the Ridge Region.

Key words: gravity-flow, over-pressure, soil salinization, wetland salinization, hydrogeologic
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Introduction

The Danube-Tisza Interfluve in Hungary (Fig. 1) is an agricultural area and a
large part of it is plagued by severe problems of soil and wetland salinization. The
genesis and amelioration of salt-affected soils of the grain-growing farmlands
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have inspired intensive research for more than two centuries (Tessedik 1804;
Balogh 1840; Sigmond 1923; Treitz 1924; Arany 1956; Kovécs 1960; Varallyay 1967;
Erdélyi 1976; Kuti 1977; Molnar and Kuti 1978; Molnar et al. 1979; Kiss 1979, 1990;
Kovécs-Lang et al. 1999; T6th 1999; Bir6 2003). This research provided among
other things important results in outlining the salt-affected surface regions and
in understanding the role of groundwater-level fluctuation in the genesis of
saline soils. However, to date the source, the controlling factors, and the
mechanism of the distribution pattern of salt-affected soils have remained
uncertain. The purpose of this paper is to answer these questions within the
framework of the Hydrogeologic Type Section for the Danube-Tisza Interfluve
(Madl-Szényi and Téth 2009).

HUNGARY

Fig. 1
Index map

The hydrogeologic environment of the study area

The Study Area (SA) is located in the Danube-Tisza Interfluve region of
Central Hungary and covers an area of 100 X 65 km (Fig. 2). The surface
elevations vary between 80 and 95 m ASL in the valleys, while those of the ridge
are about 100 m on the flanks and up to 120-130 m ASL on the divide (Fig. 2).

The Intensive Study Area (ISA) of 39 x 25 km (Fig. 2) is situated in the Danube
Valley in the western part of the SA. The wetlands of Lake Kolon and Lake
Kelemenszék are as much as 13 km apart. The elevation of the water level of Lake
Kolon is 103 m ASL and its surroundings are characterized by freshwater
meadows. Lake Kelemenszék, the water level of which is at 92 m ASL, is
surrounded by salt-affected soils and halophytic vegetation (Simon 2003).

The Danube-Tisza Interfluve is in the central part of the Pannonian Basin and
is underlain by a large orogenic collage which is built up by several tectono-
stratigraphic terranes (Brezsnyanszky et al. 2000; Hamor et al. 2001). These crustal

Central European Geology 51, 2008



Soil and wetland salinization in the framework of the Danube-Tisza Interfluve hydrogeologic type section 205

20°14'E
690 700 710 720 730 740
47°00'N
— [
8 = 1 3
e a % -
3 e Tiszakécske [7¢ Hy =
- é Kecskemét i —Hp;
of - .‘ . ™o H83
R =N ZP@l; po R
= aza) == Bs =12 "
U. . D2'
1 \ Hs,
o L o o
h . . ©
© Ik cnJakabszallds -
= Kiskunfélegyhaza
o Q ’ 3
ks =] N e
X p—
= !)
M Y . . 2
g h e /] -
- \| Szank --Tazldr ¢ RO [ "Hpy
Lo S - & ERRRXN HS1'
3 plz); N 46°33N
T 640 650 660 670 680 690 700 710 720 730 740
Yoy (km)
Legend: — Regional sections (H;,Hpy,Hg,'; HaHpa,Hs,'s Ha,Hpa,Hss) —— Local section (H - H')
Intensive Study Area (ISA); — — Kelemenszék Lake Area (KLA); "DTI": Duna-Tisza Interfluve
E] Location of p(z) profiles; D Shallow groundwater-chemistry maps; —'00— Elevation, m (amsl)
Control point: e hydraulic data; X chemical data; Settlement; “ N River; Lake

Fig. 2
Location map of the Study Area (SA)

terranes of varying origin reached their present positions through strike-slip
movements and/or rotation during the step-by-step closure of the Tethys Ocean.
Remnant basins of the former Tethys from the Eocene/Oligocene boundary form
a series of basins belonging to the Paratethys (Nagymarosy 1990). The tecto-
genesis of the sub-basins of the Pannonian Basin system was controlled by the
collision effects of the African (Adriatic) and European Plates. The Danube-Tisza
Interfluve basins developed approximately above the collision sutures (Royden
and Horvath 1988; Rumpler and Horvath 1988; Haas et al. 1999; Hamor et al.
2001; Nemcok et al. 2006).

The Pre-Neogene basement of the SA is made up of "flysch" sediments,
carbonates and metamorphics. The multiphase Neogene-Quaternary subsidence
was interrupted by inversions generated by deep depocenters, which were filled
by detritus eroded from the orogenic belts of the Eastern Alps and Carpathians.

The phases of the Neogene tectonic evolution of the SA are

i) Early Miocene, right lateral wrench-type rejuvenation of the earlier "sutures";

ii) Middle Miocene formation of a network of synrift transtensional troughs;
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iii) Late Miocene—Pliocene postrift (thermal) subsidence of the broader interior
sag basin of the Great Hungarian Plain;

iv) latest plate convergence generated by late structural inversion and
Pliocene-Quaternary left-lateral strike-slip movements (Pogacsas et al. 1989). The
Neogene basin fill of semi-consolidated to nonconsolidated marine, lacustrine-
deltaic, lacustrine and fluviatile clastics thickens from ~600 m at the Danube
Valley in the west to over 4000 m at the Tisza Valley in the east (Juhasz 1991).

Hydrostratigraphically (Fig. 3) the Pre-Neogene basement can be characterized
by a 108 ms~! magnitude of hydraulic conductivity (Bérczi and Kékai 1976),
while it is 10 ms™! in the Pre-Pannonian Aquifer. The Late Miocene-Pliocene
basin fill is divided into an upper and a lower series of hydrostratigraphic units
by the regionally extensive Algy6 Aquitard, characterized by an average
hydraulic conductivity of K~10® — 107 ms™!. Below the Algy6 Aquitard, the
turbiditic siltstone, sandstone and clay series of the Szolnok Aquifer and the shaly
series of the Endréd Aquitard are characterized by hydraulic conductivities
varying between 10~2 and 10-° ms~!. The Algy6 Aquitard is overlain by the Great
Plain Aquifer with an assigned average K of ~10- ms™! (T6th and Almasi 2001).

The climate of the Danube-Tisza Interfluve is moderately continental; the
average annual temperature is 10-11 °C and the yearly precipitation is roughly
550-600 mm. The annual precipitation is sufficient to maintain the water table
within 6 to 8 m below the surface of the ridge region, and within 0 to 1 m in the
valleys of the Danube and Tisza rivers (Kuti and K&rossy 1989).

Database and Applied Methods

To derive coherent maps and cross-sections, previously compiled data sets
were used. These include water level, pore pressure and chemical analytical data
from water wells and hydrocarbon exploration wells, water samples from water
wells and lakes, core samples and petrophysical data, well logs, seismic sections,
and an ecologic landscape map. Altogether 179 wells, 56 seismic sections and 1379
hydraulic-head data were interpreted. Based on the revision and updating of
these data sets groundwater flow-distribution maps were compiled at the
following scales: 1:250 000 for the Study Area (SA); 1:50 000 for the Intensive
Study Area (ISA) and 1:50 000 for the Lake Kelemenszék Area (KLA, Fig. 2).
Vertical scales of the compiled cross-sections varied from 1:20 000 through 1:2 500
to 1:500.

Available information on the groundwater chemistry is unevenly distributed
both laterally and with depth. The water-chemistry database comprised
approximately 300 analyses from water- and hydrocarbon wells and 19 analyses

Fig.3 —
Regional Deep Hydrostratigraphic and Hydraulic Sections (from Madl-Szényi and Té6th 2009)
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from dug wells (Simon 2003) for the KLA (Fig. 2). Owing to the diversity of the
sources and analyses, only the Na*, Cl-, and Total Dissolved Solids (TDS) content
were considered. For the characterization of the ecological landscape of the SA,
"The Map of the Present Bio-Habitat of the Danube-Tisza Interfluve" (Biré 2003)
and an unpublished soil data set were used for the SA.

Evaluation and Results
Grounduwater flow

Based on the compiled three regional deep hydrostratigraphic and hydraulic
sections (Hp-Hpy', Hpy-Hp, " Hp-Hpj) (Figs 2, 3a, b, ¢) two distinct
groundwater flow regimes could 3e recognized within the SA: a locally
recharged regime of gravity-driven meteoric water with its flow field adjusted to
the topography-controlled water table, and a deeper regime of the ubiquitously
ascending waters rising from the over-pressured deep zone. The divide between
these diverging systems correlates fairly well with the north-south striking
topographic crest of the Danube-Tisza Interfluve area, as was displayed on the
hydraulic cross-sections (Fig. 3a, b, c). The recharge areas merge on the ridge and
form a single north-south running belt of about 25 to 35 km width. As can be seen
in the figures beyond the recharge and midline-areas on both sides, the flow
paths turn upward and the discharge areas appear. The gravitational discharge
area is roughly parallel with the Danube River on the west side of the SA (Fig. 3a,
b, ¢). The discharge zone is some 20 km wide on the eastern side of the Danube.
In the other part of the SA, along the Tisza River, the discharge zone becomes
progressively narrower from south to north.

The penetration depth of the meteoric regime varies between 250 and 450 m
(Fig. 3a, b, c¢). The gravitational and overpressured flow regimes below the
gravitational recharge appear to be sharply separated; their waters can
presumably mix across the boundary by water-level fluctuation, dispersion, and
diffusion. The flow direction in both regimes is universally upward under the
gravitational discharge (Fig. 3a, b, c). Thus the meteoric or deep origin of water in
these areas cannot be determined from the hydraulic data alone.

In Fig. 3b the results of the seismic interpretation are also displayed. The
seismically identified wrench fault structures can dissect the regional aquitards
and influence the Neogene sedimentary sequence. If they behave as conductive
faults a short-cut can develop between the Pre-Neogene basement water and that
of the near surface sediments. An interpreted seismic section (Ki-3) in Fig. 4
provides a good example of this phenomenon. In the middle of this section,
beside the aquifers and aquitards a normal fault can be seen which has a lateral
displacement as well. The lateral movement is responsible for the development
of positive and negative flower structures. These structures connect the
basement and the shallow aquifers (Mészaros 2005).
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The vertical superposition of overpressured and gravitational flow regimes
was examined on pressure-elevation profiles. In the sampling square of the Izsak
pressure profile, p(z); crosses the hydraulic section Hp,~-Hp,' and includes
relatively high areas in its NW quadrant, and parts of the low-lying Lake Kolon
in the SW (Figs 2, 3b, 5).

The plot shows a subhydrostatic pressure gradient (y ~8.397 MPakm™!) from
the surface to z~50 m ASL (d~48 m), a nearly hydrostatic gradient (y ~9.807
MPakm) between z~50 m ASL and z~-50 m, and a superhydrostatic one from
z~-50 m ASL to -260, indicating, respectively, recharge, throughflow, and
discharge conditions (Fig. 5).

The local hydrostratigraphic and hydraulic section H; -H; ', along H,-H,' (Fig.
2) shows the groundwater flow pattern to the west of Agasegyhaza (Fig. 6). The
depth of the section is approximately 60 m and the horizontal and vertical scales
are 1:50 000 and 1:500, respectively. The flow distribution and the effect of the
high and low-permeability hydrostratigraphic units appear to have a strong
influence on the dual hydraulic role of Lake Kolon, namely recharge and
discharge. The extended shallow lens of the fluvial aquitard AT, at 31-36 km
causes the flow paths originating in the recharge area at Lake Agasegyhaza to
deflect upward into the wetlands between Izsdk and Lake Kolon (Fig. 6). On the
other hand, the thick gravel Aquifer (AFg) attracts recharge water across the
overlying clays and silts of fluvial aquitard AT, from above, including Lake Kolon.
This water then merges with that derived from farther east, closer to the divide
and, possibly with some ascending deep water. Part of this mixture ultimately
discharges into Lake Kelemenszék.
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Local hydrostratigraphic and hydraulic section (from Madl-Szényi and Téth 2009)
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Plain. This group is not homogeneous' Na*/Cl" (mmolL-) plot of the water chemical
The CI concentration for approxi- data from the Pre-Neogene basement
mately 15% of the samples from the
Great Plain Aquifer exceeds 100 mgLL. It can be interpreted that in the Neogene
sedimentary basin fill NaHCO,-type water sporadically has a higher CI" content.
In all cases, these high Cl- concentrations are paired with TDS values of at least
2.5 times the group arithmetic mean. Significantly, all sample of this subgroup
come from sites in the ISA between meridian Ygqy, =664 km and the Danube
river. Here, the Pre-Neogene basement rises up to within 800 m below surface
(Figs 2, 3).

The distribution of TDS and Cl~ in shallow (<60 m) groundwater is
demonstrated along a local section Hy; —H; ' (Figs 2, 8) for the ISA. The TDS values
range between 230 and 450 mgL~!, and CI- between 3 and 30 mgL! in the
eastern part of the section, especially in the Lake Kolon area and uphill from it.
In contrast, concentrations for the same constituents are between 1400 and 2540
mgL!, and 110 to 580 mgL-!, respectively, beneath the KLA (Figs 2, 8). Still
farther west, CI" ion concentrations range between 70 and 150 mgL-!, and may
reach 890 mgL~! locally. The boundary between the areas of TDS>1000 mgL-!
and CI' >100 mgL! to the west, and TDS<1000 mgL-! and CI- <100 mgL ! to the
east, coincides with the boundary between the gravity-driven and ascending
basement origin flow regimes (Figs 3b, 6, 8).

Soil Salinization and Vegetation Features

The Ecological Site Map (Fig. 9) shows the soil and wetland salinity for the SA
(Fig. 2). It is characterized by regional patterns of contrast in soil types and plant
ecology. The ridge region has freshwater meadows on its crest and both flanks,
while saline soils, saline lakes and marshes, and phreatophytic and salt-tolerant
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vegetation dominate in the river valleys. South of the city of Kecskemét, saline
and freshwater marshes alternate over a tract of land, widening southward, on
the lower reaches of the ridge's eastern flank toward the Tisza River. Saline soils
occur on both sides of the Interfluve, generally below elevations of
approximately 95 to 100 m ASL on the east flank, and 90 to 95 m ASL on the west
flank (Figs 2, 9). The upslope boundaries of these areas run roughly parallel to the
north-south oriented topographic elevation contours. Areas of salt-affected soils
of irregular size and shape give way to patches of non-saline soils without any
apparent regularity over the entire 25 to 30 km width of the Danube Valley (Figs
2,9).

The transition between the saline and non-saline soils is relatively sharp,
particularly on the west flank as, for instance, between Lakes Kolon and
Kelemenszék. Similarly, saline and fresh-water wetlands are divided by a north-
south running boundary on the west flank (Ygqy =664-660) (Fig. 9), with the
fresh-water lakes of Kolon and Agasegyhdaza on the upslope side, and the north-
south strip of the Kisréti, Zabszék, and Kelemenszék saline lakes at lower
elevations. Sporadically, and apparently irregularly, small areas of salt-affected
soils, meadows, and shallow marshes also occur at higher elevations, closer to the
Interfluve's crest.
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Ecological site map for the Danube-Tisza Interfluve (from Madl-Szényi and Téth 2009)

Interpretation

The results of this study can be interpreted within the framework of a coherent
schematic hydrogeologic section (Fig. 10) (Madl-Szényi and Téth 2009). Two
groundwater flow-domains were identified in the area: a gravity-driven meteoric
fresh water one with a TDS less than 500 mgL~! and an over-pressured deeper
domain of saline water (Fig. 3). The total dissolved solid contents of the saline
water decreases from 30000 to 10000 mgL! in the basement to a minimum of
1500-6000 mgL~! in the near-surface zone (Fig. 8). The gravity-flow pattern
conforms to the topography, while hydraulic heads are uniformly more than 10
m above surface from depths below 350—400 m (Fig. 3). The gravity systems are
hydraulically perched by the ascending over-pressured water. The superjacent
fresh-water "lens" forces the ascending deep water toward discharge areas in the
valleys of the Danube and the Tisza. The pathways of ascending water are
influenced by the eastward-dipping Pre-Neogene basement, and the variable
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The Danube-Tisza Interfluve hydrogeologic type section, Hungary (Madl-Szényi and Téth 2009)

thickness and tectonic structure of the aquitards. Beside the tectonically-
controlled ascent of the deep water, cross-formational flow through the matrix of
the aquitards cannot be excluded. Flower structures dissect the aquitards in the
basin, providing direct hydraulic connections between basement and the upper
aquifers. The energy of gravitational systems is not sufficient to push the fresh
water as far as the true Danube channel in the western part of the SA; their water
is therefore already discharged in the Danube Valley. In this area deep saline
water and the meteoric water are conveyed together along a gravel aquifer into
the Danube Valley (Figs 2, 3, 6, 8). This highly permeable gravel bed subcrops at
the eastern edge of the valley, causing Lake Kelemenszék to be saline. Lake Kolon
receives meteoric groundwater in a through-flow position, whence its fresh
chemical character (Figs 5, 6, 8). The cross-formational and/or tectonically-
controlled ascent of the deep water, combined with the gravitational systems'
geometry and the flow channeling effect of the near-surface rocks, explain the
contrasting chemistry between Lakes Kelemenszék and Kolon, as well as the
origin and pattern of soil salinization (Fig. 9). The energy of the gravitational
systems also increases with the increase of the topographical elevation in the
eastern part of the Danube-Tisza Interfluve from south to north (Fig. 3a, b, c).
Consequently, the discharge of gravity flow is shifted gradually from west to east
in a northward direction. Toward the north, ascending salt water is discharged
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only beyond the Tisza River. However, isolated saline areas can occur in the
Interfluve's fresh-water areas as well, possibly owing to some conductive
structures reaching within 200 m from the surface.

Summary and Conclusion

The Danube-Tisza Interfluve has an agricultural economy but is plagued by
severe problems of soil and wetland salinization. Protection of wetlands and
saline marshes is a significant task for nature conservation activity. The objective
of the study was to determine the source of the salts and the controls and
mechanisms of their distribution in the frame of the Danube-Tisza
Hydrogeologic Type Section (Madl-Szényi and Téth 2009).

To this end, flow-patterns and the salinity of groundwater based on archive
data were evaluated within a 100 X 65 km area, with emphasis on the wetlands
of Lakes Kolon and Kelemenszék at the western flank of the area. In the Danube-
Tisza Interfluve a gravity-driven meteoric fresh water regime and an
overpressured saline water one were identified (Madl-Szényi and Téth 2009). In
the framework of the type section the sources of the surface salinization were
found to be NaCl-type water of the Pre-Neogene basement and NaHCO;-type
water of the younger sediments. The NaCl-type water of the Pre-Neogene
basement reaches the near-surface sediments mainly through conductive faults
due to overpressure. The cross-formational ascent of the deep NaCl- and the Na
HCO;-type water of the basin, combined with the gravitational systems'
geometry and the flow-channeling effect of the near-surface rocks, explains the
pattern of soil salinization and the contrasting chemistry between the saline-type
Lake Kelemenszék and the fresh-water type Lake Kolon.
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