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In the surroundings of Berekfiird§ (Trans-Tisza Region) a significant positive anomaly was
observed in the fluid potential field, in the course of a regional-scale hydrogeologic study of the Great
Hungarian Plain (T6th and Almdsi 2001). It was assumed that the cause of this phenomenon could be
the presence of structural elements in an overpressured fluid potential field. The seismic, hydraulic
and hydrogeochemical evaluation of the anomaly proved the presence of a complex structure. The
results furnish an example for the theoretical model of Matthdi and Roberts (1996). The identified
faults, which define the basement high and rise close to the surface, represent direction-dependent
control over the fluid flow systems of the Study Area. The detected horizontal barrier fault zones may
act as lateral seals of the Tatartilés—Kunmadaras gas field and might ensure the active water pressure
of the reservoir system. The junction of the vertically conducting and horizontally sealing fault zones
near Berekfiird6 represent the southern limit of the prolific hydrocarbon-bearing Szolnok and the
identified "extra" aquifer. The junction of these faults causes intensive water upwelling which was
drilled by Pavai-Vajna in 1928. This exploration initiated the development of the Berekfiird6 Spa.

Key words: faults, overpressure, hydraulic potential anomaly, seismic interpretation,
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Introduction

Near Berekfiird6 and Kunmadaras a significant positive anomaly (Fig. 1) can be
observed in the fluid potential field, in the course of a regional-scale
hydrogeologic study of the Great Hungarian Plain, Eastern Pannonian Basin
(Téth and Almasi 2001).
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The anomaly appeared as a "potential plume" on the NNW-SSE oriented (H4)
hydraulic cross-section of Téth and Almasi (2001). The "plume" rises from a Pre-
Neogene basement high (-1500 m ASL); its closest approach to the surface is at a
depth of 400 m, near Berekfiird6 (Fig. 1). Téth and Almaési (2001) explained the
development of this phenomenon by hypothesizing the presence of structural
elements, which cut through the thick, regionally extensive low-permeability
(aquitard) Neogene strata (e.g. Endréd and Algy6 formations). They supposed
that, along the hypothetical faults, water-upwelling and overpressure from the
basement could dissipate toward the younger and shallower sediments. This
assumption was later supported by the gravitational and hydrobotanical
investigations of Kiss and Szalma (2007).

The aims of this study were the following: i) structural geology mapping, ii)
detailed evaluation of the Berekfiird6 fluid potential anomaly, iii) investigation of
the hydraulic behavior of seismically identified faults regarding fluid (water,
hydrocarbons) hydraulics, and iv) connecting the results to the gas pools and
thermal waters of Berekfiird6.

The Study Area is located in the Trans-Tisza Region of the Great Hungarian
Plain (Fig. 2). Inside the research area a local-scale Study Area was chosen on the
basis of the surface extrapolation of the fluid potential anomaly (Fig. 2). The
presence of thermal water pools (discovered at Berekfiird6 in the 1920s) and
significant gas accumulations (the Tatartilés—-Kunmadaras gas field was
discovered in the 1950s-1960s) provides a better understanding of the Study
Area's hydrogeology.

Hydraulic role of faults

Faults can both be barriers and conduits for fluid flow, depending on the
driving forces of fluids, the permeability of the fault gouge, the permeability and
relative position of the formations of the foot wall and hanging wall, the relative
orientation of the fault planes, as well as the spatial and temporal variation of
these factors (Caine et al. 1996).

In an ideal case the fault zone-related "barriers" have lower permeability than
that of the crosscut aquifer, and the flow direction in the aquifer adjacent to the
fault tends to be parallel to the plane of the fault. Corroborating evidence for
fault-zone barriers are the accumulation of hydrocarbons on one side of the fault,
and discontinuities in the formation water chemistry across the fault
(Underschultz et al. 2005).

Fig. 1 —

A) H4 hydraulic cross-section (after Téth and Almasi 2001; Fig. 22, p. 30); B) Location of the hydraulic
cross-section. 1. Neogene aquifer; 2. Neogene aquitard; 3. Pre-Neogene basement (aquifer); 4. oil
accumulation; 5. gas accumulation; 6. hydraulic head contours (m ASL); 7. inferred flow direction in
the plane of the cross-section; 8. intersection with other cross-sections; 9. intersection with rivers;
10. Study Area
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When permeability is higher along the fault than the crosscut aquifer, the fault
acts as a conduit and the flow direction in the aquifer adjacent to the fault
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Fig. 2

Location of the Study Area and data sources. 1. river, canal; 2. road; 3. lake; 4. settlement; 5, 6. location
and identification code of hydraulic cross-section; 7, 8. trace and identification of seismic section; 9.
areal extent of selected p(z) profiles 10. identification code of well (H — hydraulic, V — hydrochemical,
R - formation classification, K — well-log data); 11. data source of density correction; 12. well with
vertical seismic profile; 13. unusable well
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intercepts the plane of the fault (Underschultz et al. 2005). Conduit faults induce
equipotential plumes, sacs and ridges (Téth and Almasi 2001) in the potential
field. Those faults reaching the surface lead to the appearance of springs with
thermal and/or chemical anomalies, and recharging aquifers at depth
(Underschultz et al. 2005). All depends on whether the fault is acting as a source
or as a sink for fluids.

Matthédi and Roberts (1996) distinguished different cross-sectional models of
faulted sand-shale sequences characterized by pressure-driven fluid flow
systems. In the case of conduit fault (Fig. 3) the direction of fluid flow in the
upper hanging wall sand is outward of the fault plane. Thus no fluid flow occurs
across the fault because the fluid flows out of the fault into the intersected sands.
In this sense a conduit fault might be acting as a fluid flow direction-dependent
barrier.

Legend

Fig. 3

Modeled fluid-pressure isobars and fluid-flow
velocity vectors generated by a pressure
source at the domain's base in the vicinity of a
conductive fault, with displaced aquifers on
opposite sites in a low-permeability environ-
ment (modified from Matthdi and Roberts
1996). 1. fluid pressure isobars (MPa); 2. fluid-

0 100 ‘ 200 00 400 flow vectors; 3. log permeability (mz)
spread (m)

depth (m)

Hydrotectonics and hydrostratigraphy
Applied methods

In this work the method of Mészaros (2005), which was developed for the
hydrogeologic investigation of the western shallower margin of the Danube-
Tisza Interfluve, was applied and further developed to study the relationship
between fluid potential anomalies as well as tectonic and sedimentary structures.
Fifteen digital seismic sections (see location of seismic lines in Fig. 2) and well logs
were used to interpret the hydrotectonics and hydrostratigraphy of the Study
Area. MOL Hungarian Oil and Gas Plc kindly provided a Landmark workstation
for the joint hydrostratigraphic interpretation of hydraulic, seismic and well data.
Lithostratigraphic subdivision data of Juhdsz (1992) proved to be very useful
during the hydrostratigraphic interpretation of the available well logs (Fig. 3.2).
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Results

Three fault zones were seismically identified and mapped, which could
facilitate the fluid conduit connection between the overpressured Pre-Neogene
basement and the shallower aquifers characterized mainly by gravity-driven flow
(Fig. 4). Two of them (Nos 9 and 10 in the legend of Fig. 4) — being located on the
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Principal structural elements identified at 400 ms (—250 m ASL). 1. road; 2. river, channel; 3. lake; 4.
settlement; 5, 6. trace and sign of seismic section; 7. identified fault; 8. supposed fault; 9, 10. strike-slip
faults along the basement maximum; 11. Orgovany-Kisujszallas strike-slip fault zone; 12. basement
fault; 13. fault independent of basement; 14. extent of the "extra" aquifer
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eastern and western margin of a N-S trending basement high intersect each
other south of Berekfiird6, at a depth of about 1200 ms (-1180 m ASL). In the
southern part of the research area (Fig. 4) a SW-NE trending wrench fault was
identified. It belongs to the almost 200 km-long Paks-Orgovany-Kistjszéllas
strike-slip fault zone (Pogacsés et al. 1989). According to Lérincz et al. (2002) the
most significant neotectonic zones of Hungary are located at the boundary of two
terranes. Between the northwestern (ALCAPA) terrane and the southeastern
(TISZA) terrane more than 100 km of right-lateral displacement occurred in the
Early Miocene (Csontos et al. 1992). The magnitude of the Late Miocene
(Pannonian) lateral displacement was 8 to 10 kilometers along the Kisk&ros
segment of the Paks—Kistjszallas wrench zone (Pogécsas et al. 1989). Quaternary
reactivation of the Paks-Kistijszéllds wrench zone was proved by high resolution
seismic survey on the Danube river (Téth and Horvath 1997). Lérincz et al. (2002)
estimated the magnitude of the left lateral Quaternary horizontal displacement
to be as high as 1 to 5 km at the Szolnok segment of the wrench zone.

The thick Neogene sediments of the Pannonian Basin have been subdivided
into five hydrostratigraphic units (T6th and Almasi 2001; Mészéaros 2005; Madl-
Sz6nyi and Té6th 2009) (Fig. 5).

As a consequence of the recent Berekfiird§ seismic and well-log hydro-
stratigraphic analysis two more units could be identified in the Study Area. One
of them is an argillaceous aquitard unit on the top of the Szolnok Aquifer, and the
other is a sandy aquifer unit between the new aquitard and the Algy6 Aquitard.
They are tectonically bounded (strike-slip fault) to the east and south but their
extent to the north and to the west is unknown (Fig. 4).

The Tatériilés—-Kunmadaras gas field accumulated in these Lower Pannonian
sandstone reservoirs. It is considered that these hydrocarbon-bearing turbiditic
sandstone groups represent the extra aquifer unit and the Szolnok Aquifer. The
hydrocarbon pools within these units are located above a basement high,
between the two strike-slip fault zones.

Hydraulics and hydrochemistry
Data processing

The filtering and qualifying of hydraulic and water chemical data was the first
step of the data processing because of their unfavorable quality and deficient
quantity. After filtering and ranking the data, 61 hydraulic (pore-pressure and
stabilized water level) data of 50 wells were chosen for further evaluation. During
the hydraulic processing density correction was applied (Czauner 2008). From
the numerous hydrochemical data only the Na*, Cl and H,Si0; data were
chosen. These indicate and/or show the strongest correlation with the origin
(from basement or Neogene sediment) and subsurface residence time of
groundwater. Altogether 184 analyses of 74 wells were selected.
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Identified hydrostratigraphic units of the Study Area (using data of Juhadsz 1992; Téth and Almasi
2001; MadIné Szényi and Téth 2007)

Results

The five created pressure-elevation sections (Fig. 6) show the deep energy
source, which causes significant overpressure in the Pre-Pannonian Aquifer and
Endréd Aquitard, and leads to fluid-upwelling. Most of this energy is dissipated
while the fluids flow across the Endréd Aquitard, but moderate overpressure
appears even in the Algy6 Aquitard. Due to the quality and quantity of the
available data, the pressure regime of the Great Plain Aquifer is a little bit
uncertain, but it could be characterized as close to hydrostatic.

In the hydraulic cross-sections (Fig. 7) stationary fluid flow field could not be
seen, partly because of the lack of data and also because of the fluid potential
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Two representative examples from the five created pressure-elevation sections. 1. data point; 2.
vertical hydrostatic pressure gradient; 3. vertical pressure gradient (MPa/100 m); 4. Great Plain
Aquifer; 5. Algy6 Aquitard; 6. Szolnok Aquifer; 7. Endréd Aquitard; 8. Pre-Pannonian Aquifer

reducing effect of gas and water production. On the other hand, where a
boundary surface could be assigned, beneath this surface the system is
overpressured, and above it the system is approximately hydrostatic (within the
limits of analytical error). The peak of this "overpressure front" coincides with the
basement high and the junction of fault zones, south of Berekfiirdé.

In the course of hydrochemical analysis the depth distribution of normalized
Na*, CI" and H,SiO, values were compared (Fig. 8). The high H,SiO5 (max. 226.2
mgL1), Na+ (max. 23.4 gL'!) and CI" (max. 36.1 gL-!) values indicate a deep,
basement source. This observation correlates with the seismically interpreted
basement faults, most of which terminate upward around (-1300) m ASL. The
low Na*t and CI" values (0-1.0 gL}, ) indicate mixing with meteoric water and
correlate with the Pannonian or younger growth fault zones.

Conclusion

The two fault zones, which originate at the basement high in the Kunmadaras-
Berekfiird6 region, act as a conduit for fluids in a vertical direction. Thus, they
might induce the "potential plume" in the fluid potential field (Fig. 9). However,
the eastern fault (zone) acts as a barrier for horizontal fluid flow, due to the
different permeability of the Endréd, Szolnok and Algyé Formations in the
footwall and the hanging wall. In the case of the western fault (zone), there is no
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fluid flow across the vertical conduit fault, because the upward-flowing fluid
flows out of the fault zone into the intersected sands of the Szolnok Formation
and the "extra" aquifer unit (Fig. 9). This result seems to verify the theoretical
model of Matthdi and Roberts (1996) (Fig. 3), and correlates fairly well with the
hydrochemical data. The horizontal barrier fault zones may act as lateral seals of
the Tatartilés—Kunmadaras gas field and could ensure the active water pressure
of the reservoir system. On the other hand, the junction of the vertically
conducting and horizontally sealing fault zones near Berekfiird6 represents the
southern limit of the prolific hydrocarbon-bearing Szolnok and "extra" aquifer.
The junction of these faults causes intensive water upwelling. The southern
border of the gas field and the location of the top of the "potential plume" (near
Berekfiird6) are the consequences of the above-mentioned structural and
stratigraphic framework.

Summary

Basement fault zones were identified and mapped on several seismic lines near
Kunmadaras and Berekfiirdé. Seismic evidence indicates that these faults
approach the surface. The heterogeneity of the Algy6 Aquitard has been
established. Fluid potential data proved the presence of overpressure in the Pre-
Neogene basement and indicated an induced positive fluid potential anomaly
("potential plume") in the Upper-Pannonian strata near Berekfiird6. The presence
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of NaCl-type water upwelling with high H,SiO5 content was confirmed. This
observation correlates with the basement faults, most of which do not approach
the surface. The deeper saline water mixes with meteoric water at shallower
depth. The identified faults, which originate at the basement high and approach
the surface, represent direction-dependent control over the fluid flow systems,

T B Gas accumulation B’

Kunmadaras
A
;
B
:: C Concentrated water-upwelling C
CHEY . C
Berekfiird6
Legend
EEEEEEm] 1 - 3 "f;J / 5 4 A' 9
— 2 o ‘ o M ¢
Fig. 9

Diagram of interpreted phenomena in the Study Area. A) The Local Study Area in top view BB', CC"
Cross-sections from the northern and southern parts of the local research area. 1, 2. strike-slip master

faults; 3. reverse fault; 4. trace of cross-section; 5. Pre-Neogene basement; 6-7. aquifer units (note the
"extra" aquifer unit on the map 'A'); 8. aquitard units; 9. fluid flow direction; 10. gas field
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cause deep-water upwelling and could contribute to the development of the
petroleum fields of the Study Area. Ferenc Pavai-Vajna succeeded in drilling into
this "potential plume" (1928) and initiated the development of the Berekfiird
Spa.
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