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1 Introduction

The aim of the Transenergy project is to suppoet tfarmonized thermal water and
thermal energy utilization in the western part fed Pannonian Basin and its adjacent basins
(e.g. Vienna Basin), which are situated in thedbmundary zone of Austria, Hungary, Slovak
Republic and Slovenia.

This report describes the results of the geologivadlels, which serve as a frame for the
hydrogeological and geothermal models. Although pheblems of transboundary thermal
water utilization can be locally confined, they aa¢her connected to distant hydrogeological
processes. Therefore the modelling activity hablet@lone at two different scales.

The so calledSupra regional model includes the entire project area and man#ges
complete area in a uniform system approach.

Five Regional or Pilot areaswere chosen, where local models had been develdpey
focus on the local transboundary problems, andl#ieiled geological characteristics of the
areas. These areas are the following (Figure 1).

- Vienna Basin

Danube Basin
Komarno-Sturovo area
Lutzmansburg-Zsira area

Bad Radkensburg-Hodos area

2 Project area definition

The same aspects were considered to outline therehit area boundaries, both at the
supra-regional and local scales. The most importansideration of the outlining was to
define natural model boundaries. Assigning the @marst of the model areas the following
aspects were taken into consideration:

Geological framework of the areas,

Important tectonic structures

Recharge areas, connecting the thermal water sygemecharge areas do not
include the entire mountain regions, only the ragivhere the main thermal water
bearing layers outcrop at the surface),

Rivers as main discharges,

Contours of groundwater bodies,

Groundwater divides

The final borders of the model areas consist ofrtigure of different boundary types
mentioned above.

The supra-regional model area encompasses the geathermal reservoirs of the NW
Pannonian Basin and the adjacent areas wherefteeedi natural and human processes have
effects on the geothermal systems. Within the ptogeea several sub-regions of enhanced
hydrogeothermal utilization potential (pilot are&sive been identified and investigated in a
more detailed way.

The pilot areas usually form geological or hydrdggeal units. The Vienna Basin is a
deep sedimentary basin surrounded by mountainsyuter border of the Eastern Alps and



Central West Charpatians. It joins to the DanubgiiBat the SSE edge. The Danube Basin is
a deep sedimentary basin too. The border of theehar@a was appointed along the pinch
out, truncation and thinning of sedimentary forrmasi. Due to the location of its recharge
area, it locally overlaps to the Komarno-Sturovodeloarea. This latter one was outlined
along regional fault systems which often coincidéhwhe border line of groundwater bodies.
The Bad-Radkersburg-Hodos model area is mainly dvertl by tectonic structures too,
forming a tectonic halftrench. The LutzmansburgsZsinodel area is not connected to a
specific geologic or hydrogeologic unit. The westborder of the area forms the margin of
the Neogen basin. The other parts are appointet adifical borders, taking into account
that the area includes the important Hungarian,B&”.

The vertical boundary of the geological models basn defined at the depth of 8000 m
below see level. The Supra regional and Pilot aaeashown on Fig. 1.
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Fig. 1. The supra-regional and the pilot model sirea

Figure 2 shows the generally used geographical saand morphological conditions of
the whole project territory. It is characteristigah lowland and basin area, the recharge
mountainous regions have only marginal positiongo Tapitals of the partner countries lie
on the supra area, Vienna and Bratislava, but nomsepopulated citys are in it i.e. Gy
Graz, Maribor.



Fig. 2. Often used geographical terms in the ptajeea

3 Geological modelling in general

In the following, we demonstrate the main featumad steps of creating the geological
models at different scales.

3.1 Scales and workflow

The final products scales of the Supra regional Regjional area models are the
following:

Supra regional area 1:500 000, Surface geolo@®a.000
Danube basin 1:200 000,

Vienna Basin 1:200 000,

Lutzmasburg-Zsira 1:100 000,

Bad Radkensburg-Hodos 1:200 000,

Komarno-Sturovo 1:200 000.

The applied workflow can be seen on Figure 3. Theyigh columns represent work
months. The workflow could be devided into 3 pafifs:Evaluation and systematization of
geological data, 2) Correlation among data syst@n&eological modelling. Note the double
headed arrows that figure the necessary iteratroeesses which were the most time-
consuming working steps.



Fig. 3. Workflow chart of geological modelling. Theeyish columns are work months.

The country codes after Pilot area models show,dheh Pilot area model was dedicated
to responsibility of different partner countries.

3.2 Correlation of the formations

One of the first data harmonization steps had tthbecorrelation of different formations.
These formations describe sometimes the samedglmhlnd time frame of the geological
buildup of a partner country with different synonggnbut more often the different names can
cover slightly different rock columns as well. Timost problematic question was the
harmonization of the Post-Oligocene formationshef Paratethys.

As a start-up three available regional correlatibarts were used, the Correlation chart of
the Geological Map of Western Carpathians and adjaareas (Lexa et al. eds. 2000), the
Danreg project maps and explanatory notes (Cs@&sz4r1998) and T-JAM project (Fodor et
al. 2011).

The result of the harmonisation and correlationrtshéor the Paleogene, Neogene and
separately for the Pannonian age are demonstratdthpter 4.



3.3 Harmonized legend and surface geological map

The catalogue of commonly used names concerningetiiens and formations that do not
fall within the competence of the correlation cortiegs had to be elaborated. The unified
legend and indexes were created following the gbpdy of the OneGeology project.

To develop the harmonized legend, the scale ofntaps and sections (Chapter 3.1.),
andthe agreement with a common symbol system veaseal.

During the meetings it gradually became clear, thfrent scales with different details,
symbols, sizes of the units on the surface mapecadditional problems. So a final decision
was born, that the scale of the Supra area gealogiap will be exceptionally 1:200 000.

The composition of the legend started with the Hui part. Here a surface geological
map at a scale of 1:200 000 was available, whichahgiven type of symbols (first the age,
after a number growing from the youngest to thestdieposits).

In the Slovenian part, the original maps had thelesof 1:100 000 from the ‘80s; the
symbols were numbers. Hungary and Slovenia hadirg jroject (T-JAM), where a
correlated surface geological map was compiled haf two countries on the scale of
1:100 000. It covered only the eastern part of $t@venian Supra area territory, but we
solved the problems remained at the Hungarian-8lameborder on the surface map. So it
was an easy task to reach the same result at a etd:200 000. The western part of
Slovenia’s map was compiled by the Slovenian gastegising the symbols of the created
harmonized legend system,.

The Slovakian part did not have too many problerntisee Slovakia has a series of
1:200 000 surface geological maps; only the legelethents had to be correlated with the
symbols of the other countries. There were no mbl on the surface map in the border
region, because the Danube and the Ipel riversraepéiungary and Slovakia and their
formations. Here, we had to correlate the tectamits (e.g. Tatricum, Fatricum, Hronicum
etc.) of the Alpine and Carpathian region.

In the Austrian territory we had an unexpected [@mwobto solve. Austria had digital
surface geological maps of 1:200 000 covering tlagompart of the Austrian Supra area
territory, except for the Steiermark sheet, whiel koo “good resolution” in digital form, at a
scale of 1:50.000. In addition a good map was akkalin scale of 1:200 000, but it existed
only in printed form. It was decided that insteddyeneralization of the 1:50 000 map, we
digitalised the printed map, and afterwards we maatenonization with the other Austrian
parts, changed the old symbols (numbers) to theares, and made the harmonization at the
borders.

As a result the surface geological map at a sdale2®0 000 with a harmonized legend
was compiled, which is a considerable result ofvthele project. The newly created symbol
shows the age first, followed by the facies or gieseof the formation, the lithology, and the
tectonic unit (age is in every symbol, the othg@pear only when more variations have to be
distinguished within a given age).

The harmonized legend is applied for all model zams (e.g. Pre-Sarmatian, Pre-
Badenian etc.) and for the geological sections, t®ye, inevitably new formations appeared
which were incorporated into the legend.

Another source of legend symbols was the databiasereholes. In those cases, where it
was not possible to resolve all appropriate foraoretj we had to create sum-up legend units
and symbols.



Time by time iterations and cross-checkings wer@lanbetween the surface map, the
horizont-maps, boreholes and the sections. At tidevee have near 200 (exactly 197) legend
units, grouped by ages: Quaternary+Plio-Quaterndr9, Pliocene+Late Miocene, Pliocene —
3, Miocene — 48, Oligocene+Oligocene-Pliocene -E8¢cene+Eocene, Oligocene — 12,
Palaeocenec+Palaeocene, Eocenet+Paleogene - 10acebret — 27, Jurassic,
Creatceous+Jurassic, Eocene — 10, Jurassic — &sskri— 16, Mesozoicz +Palaeozoic,
Mesozoic— 9, Permian+Permian, Triassic — 7, Camb@edovician-Silurian-Devonian-
Carboniferous 14, Palaeozoic — 8.

The harmonized legend is shown in the following|&&b



HU-200

Slove-

Transenergy . . Hungarian Slovak ) . : Slovenian Unit- HU-A | Austrian ) .
Lithology Detailed age map L Slovakian Unit-name nian Austrian Unit-name
symbol symbol Unit-name symbol symbol name symbol symbol
1|Qs Soil (in boreholes) Holocene
Anthropogeneous
2| Qa deposit (banks, Holocene Qhl 10 1
mine dump, slurry)
Holocene
3| Qh sediments in Holocene
general
Fluvial sediment Qh2, 234131
4 | Qhf (clay, silt, sand, Holocene Qh3, 1.2 Fluvial 3,7,8,9 20 4’2’1 o
gravel) Qh4 ’
Proluvial-deluvial
5| Qhpd sediment (sandy Holocene 100
silt, silt)
Lacustrine Qhé
6| Ql sediment (clay, silt, | Holocene Qh7’ — 30 6
fine-grained sand)
Paludal sediment ohs
7| Qb (clay, silt, sand, Holocene th’ — 45,6 40 5
calcareous mud)
. Qh1o0, )
8 | Qes Drift sand Holocene Qpht 10 Eolian sand of dunes 50
Pleistocene—
Holocene Pleistocene—
9| Qph sediments in Holocene
general
Slope sediment . Qph2,
10| Qsp (clay, silt, sand, Eg'j;‘;‘;i“e‘ Qpha, 4 60 7,10
gravel, rock debris) Qph4
Slide sediment Pleistocene—
11 | Qsl (clay, silt, sand, H Qph5 70 9
) olocene
gravel, rock debris)

12 | Qfe Fluvial-eolic sand Pleistocene Qp1 7 E;un\gal to fluvial-eolian 10 80 11,12,16
29,30,31,3
2,36,38,40

Qp2, ,36,38,
Fluvial clay, silt . Qp3, 6.6ab.c, o P
13 | Qpf U Pleistocene Qp4, 13,13a,b, | Fluvial sediments 13 100 e
sand, gravel Qps ¢ 16 61,63,64,
Qpli : 66,68,483,
P 490,492,5
15,522
14 | Qel Loess Pleistocene Qps, 9 Eolian loess 11.12 90 15,22,28

Qp6




HU-200

Slove-

Trasr;srﬁgglrgy Lithology Detailed age Syrm% | Eﬁng:e:ﬁg g{'ﬁq"b‘zkl Slovakian Unit-name . ;rLabnol 5|0verl;l;:16Un|t- s;'r;Jl;ﬁl A;;mi? Austrian Unitname
Proluvial clay, silt, 3,8,8a,14,
15 | Qpp sand, gravel, rock Pleistocene Qpl3 14a,17,17 | Proluvial sediments 120 18
debris a,b
Glacigene sediment
16 | Qmo (moraine, breccia, Pleistocene 125 24’502’50
terrace)
Pleistocene
17 | Qp sediments in Pleistocene
general
(Pontian)— Qp12
18 | Qls Travertine Pliocene— PIF()Q 1 18, 30 | Travertine
Pleistocene P
Fluvial up to alluvial
— limnic
argillaceous, Pliocene— . Fluvial to alluvial gravel
19| PIQfe strongly weathered | Pleistocene - Tengelic Fm 19 and sand 13
sandy gravel, sand
and sandy clay
20 | pI _Pliocene sediments Pliocene
in general
Fluvial-lacustrine—
continental sand, . .
21 | MPL_f silt, clay marl, LaFt,‘I‘“. Miocene | \\p, | Zagyva Fm, 27, 27a, | Volkovce and Kolarovo | ;59 Ptuj-Grad Fm 130 | 7273747 | Rohrbach Formation
.. | — Pliocene Nagyalfold Fm. 28,38 | Fm., Gbely Fm. 6,77
mottled clay; lignite;
gravel
Ujfalu
Sandstone, only
upper part Beladice Fm.,
29 Alteration of clay, Late Miocene (Szentes Mb), Volkovce Fm., Mura Fm., Ptuj-
sand and gravel — Pliocene Soml6-Tihany Kolarovo Fm., Gbely Grad Fm.
deposited on Fms., Zagyva Fm.
deltaic and alluvial Fm., Nagyalf6ld
MPI_1 plains Fm.
Ujfalu
Thick sand sheets Sandstone
of delta front origin, lower and upper ary Fm., Beladice
23 with overlying clay, | Late Miocene part (Mindszent Fm., Volkovce Fm., Mura Fm., Ptuj-
sand and gravel — Pliocene and Szentes Kolarovo Fm., Gbely Grad Fm.
deposited on Mb), Zagyva Fm.
deltaic and alluvial Fm., Nagyalfold
MPI_2 plains Fm.

10




HU-200

Slove-

Transenergy . . Hungarian Slovak : . : Slovenian Unit- HU-A | Austrian ) .
symbol Lithology Detailed age sy%?ol Unit-name symbol Slovakian Unit-name s;rkabnol hame symbol symbol Austrian Unit-name
Lignite, silt, clay
and carbonaceous Torony Lignite, Beladice Fm.,
2 clay deposited in Late Miocene Somlé-Tihany Volkovce Fm., Mura Fm., Ptuj-
shallow basins or — Pliocene Fms., Zagyva Kolarovo Fm., Gbely Grad Fm.
deltaic and alluvial Fm. Fm.
MPI_3 plains
Basalt tuffs with
25 g;;?r’cs;?]téogﬁ dOf Ea;ﬁohg;onc:ne l%p.olca Basalt Podre any Basalt Fm. Ptuj-Grad Fm.
MPI_4 gravel
Fluvial-lacustrine— .
26 | MpPI continental-deltaic La;?. Miocene Dunantul Group
. — Pliocene
sand, silt, clay marl
Extrusive basalt,
lava flows, basalt-
pyroclastics,
subvolcanic basal;
hot spring
sediment: post- Late Miocene | MPI3 Tapolca Basalt;
27 | Mb volcanic geyserite | — Pliocene MPI4’ Pl geyserite; Pula 97c Podre any Basalt Fm. | 152 Ptuj-Grad Fm 140 70,91
(calcareous tufa, ' Alginite
laminated, siliceous
limestone);
lacustrine laminated
alginite, diatomite,
bentonite
ITacustrine . Nagyvazsony—
28| Mis calcareovs marl, | pamonan | M2 | Kapolos -
’ Limestone
calcareous mud
Lacustrine,
seql@ent of delta_ Tihany Fm,
plain: clay marl, silt, -
’ . . Torony Lignite,
flnet;gralned sanld, Late Miocene Ujfalu 39 78.79.80.8
29 | Md carbonaceous clay, | 1o M3, M4 | Sandstone ' | Beladice Fm., ary Fm. |17.18 | Mura Fm 160 : 19,85,
variegated clay, . 39a,41 1,87,90
lignite, dolomite; Pannonian) Upper part
freshwater (Szen}es Mb),
h . Somlé Fm
limestones, boglime
and travertine (SK)
Lower part of
Mouth bar, Late Miocene, Ujfalu . 82,83,88,8
30| Mdr shoreface Pannonian - Sandstone 41 ary Fm. 170 9,128,615

(Mindszent Mb)

11




Transenergy HU-200 Hungarian Slovak Slove- Slovenian Unit- HU-A | Austrian
Lithology Detailed age map L Slovakian Unit-name nian Austrian Unit-name
symbol symbol Unit-name symbol symbol name symbol symbol
Shallow marine Algy Clay Marl
31 | Mplf-Md clay, clay marl to Late Miocene, | M3, M4, | — Soml6-
P lacustrine clay marl, | Pannonian M5 Tihany-Torony
sand, silt Lignite
Clay silt deposite
on underwater Algy —Szék—
slope, shallow- Late Miocene Cséakvar Clay Lendava Fm
32 | Mplf water cl_ay marl, Pannonian M5 Marl, Csér Silt, 43 Ivanka Fm 19 Sodinci Mb 180 84,85,86
fine-grained sand, P
L . Zsambék Marl
silt; variegated clay,
limestone
Lacustrine,
o vl
33 | Moc qea ravel 9 ' | Late Miocene, M6 Kélla—Dias 43a Ivanka Fm, Piestany
P peag ' Pannonian Gravel, Békés Mb
siliceous
. Conglomerate
sandstone; slope
debris
Lagoonal
sediments: clay Late Miocene, Taliandorogd
34| Mpla marl, silt, Pannonian M7 Marl
carbonaceous clay
- Late Miocene, Szolnok Lendava Fm,
35| Mptb Turbidite Pannonian - Sandstone 20 Jeruzalem Mb
Lacustrine
calcareous marl — | Late Miocene, | — Spilie Fm, Miklav
36 | Mpcm clay marl; Pannonian (M12) Endr d Marl 42 Bzenec Fm. 21 Mb
sandstone
hgt/?;?lc’:c?:rl;aelc and Late Miocene . Hollabrunn-
37 . . - ' Gbely Fm., é&ry Fm. Mistelbach Fm.,
deposits (mainly Pannonian Paldau Fm
Mp_1 sand and gravel) )
Szak-Cséakvar
Lacustrine silty Fm., Zsambék . Feldbach Fm.,
clayey marl and Late Miocene, Marl, Csor Silt, Bzenec Fm,, ary Fm., Paldau Fm.,
38 ; . . - s 2 Gbely Fm., Beladice Mura Fm.
littoral-deltaic-fluvial | Pannonian Kisbér-Zamor— Fm Hollabrunn-
coarse deposits Kélla—Dias ’ Mistelbach Fm.
Mp_2 Gravel
Lacustrine silty
clayey marl (with Endr d Fm., B
39 sporadic Late Miocene, Szolnok Fm., Bzenec Fm., lvanka Spilje Fm., Pannon
occurrences of a Pannonian Algy Fm., Szak Fm. Lendava Fm. undifferentiated
turbiditic unit Fm.
Mp_3 thinner than 100 m)

12




HU-200 . Slove- . . .
Transenergy . . Hungarian Slovak ) . : Slovenian Unit- HU-A | Austrian ) .
symbol Lithology Detailed age syr;]%pd Unit-name symbol Slovakian Unit-name s;rkabnol hame symbol symbol Austrian Unit-name
Lacustrine silty
clayey marl and Endr d Fm B
20 sandy turbidites Late Miocene, Szolnok Fn; Bzenec Fm., Ivanka Spilje Fm., Pannon
(thickness of the Pannonian Algy Fm " Fm. Lendava Fm. undifferentiated
turbiditic unit: 100- ’
Mp_4 500 m)
Lacustrine silty
clayey marl and Endr d Fm B
a1 sandy turbidites Late Miocene, Szolnok Frﬁ’ Bzenec Fm., lvanka Spilje Fm., Pannon
(thickness of the Pannonian Algy Fm " Fm. Lendava Fm. undifferentiated
turbiditic unit: >500 ’
Mp_5 m)
Lignite with .
42 shallow-water silt I;:: nr(\)/I:‘(i)acr(-]:‘ne,
Mp_6 and clay
43 | Mp Ié;(;usstirlltnzégcfluwal. Late Mi(_)cene, Peremarton 29 Spilie Fm, Osek Pan_non _
P ’ Pannonian Group Mb undifferentiated
gravel
FIuv!aI—Iacustrln(-:‘_— Late Miocene, Peremarton—
44 | MPI continental-deltaic | 5, o nian Dunantdl Group
clay, clay matrl, silt, .
Pliocene together
sand, gravel
. . Miocene, . "
a5 Mopr | erate, | Badenian - Trachite Fm
99 ’ Pannonian
Kaolinic clay, Karpatian— Cserszegtomaj-
46 | Mbst continental red Badenian— M16 Vorosté Fm,  si —
clay, bauxitic clay Late Miocene Varigated Clay
Brackish-water — B
47 | Msls Eggﬁg‘ﬁm’gggﬁg Sarmatian  |M19 | Tinnye Fm — 23 obilie Fm, Selnica | 540 049596 | Leithakalk
sand, gravel
Tuffaceous
claystones and Saj6volgy— Orovnica coal-bearin
48 | Msfp siltstones with Sarmatian M17 ! 9y 126b 9

sandstones and
lignites

Gyulafiratét Fm

Fm.

13




Transenergy
symbol

Lithology

Detailed age

HU-200
map
symbol

Hungarian
Unit-name

Slovak
symbol

Slovakian Unit-name

Slove-
nian
symbol

Slovenian Unit-
name

HU-A
symbol

Austrian
symbol

Austrian Unit-name

49

Msrt

Pyroclastics: biotitic
rhyolite tuff and
agglomerate, tuffite;
Grey, biotitic
vesicular rhyolite
tuff, with dacite and
andesite bearing
volcanoclastics of
ignimbritic or tuff
agglomerate type

Sarmatian

(M20)

Galgavolgy
Rhyolite Tuff

121a,b,c,
122¢,125
a,134a,b,
c,d,135
a,b,c,
136,137hb,
140a,b,c

Ba any Fm., Priesil
Fm., Zbrojniky Fm.

50

Msmf-Is

Shallow-marine—
brackish-water, clay
marl; sand—
sandstone;
brackish-water—
shoreline limestone,
sand, gravel

Sarmatian

M21,
M19

Kozard, Tinnye
Fm

51

Msmf

Shallow-marine —
brackish-water,
mollusc-bearing
clay — clay marl;
sand-sandstone,
calcareous marl

Sarmatian

M21

Kozard Fm

53,54,55,
55a,57,57
a

Vrable
Fm.[D](53);Holi Fm.,
Skalica Fm. [V](54—
55,57)

upper part of

Spilie Fm and
Ptujska Gora -
Kog formation

260

92,93

52

Miocene Sarmatian
sediments in
general

Sarmatian

53

Mbsc

Sandstone, sand,
sandy marl, silty
marl, clayey marl,
conglomerate,
gravel, breccia,
algal limestone,
dolomite, coal

Middle
Badenian —
Sarmatian

26-1,
26-2
(old

271)

Ptujska Gora -
Kog formation

54

Mbmf

Shallow-marine and
open basin
foraminiferal,
mollusc-bearing
clay marl, clay

Badenian

M27,
M34

Szilagy Clay
Marl, Baden
Fm, Tekeres
Schlier

61,62,71,
72

D:Baho ,Pozba
Fm.(61), Bajtava
Fm.(71) V:Studienka
Fm.(62), Lan hot
Fm.(72), Madunice Fm

24

lower part of
Spilie Fm and
Ptujska Gora -
Kog formation
Spilje Fm, Sentilj
Mb

270

98,99

55

Mba

Subvolcanic
andesite, andesite-
pyroclastics;
andesite dyke

Badenian

M29

Magasborzsony
— Dobogoék
Andesite

304a,
304b

Burda Fm. - andesitic
lavas

280

106

14
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305,
306a,
306Db,
Dacite-pyroclastics; Nagyvolgy — ggsg Burda Fm. - effusives
56 | Mbzt subvolcanic dacite, | Badenian M30 Holdvilagarok ' ) S '
. . 307b, epiclastics
andesite Dacite Tuff
308,
309a,
309D,
310, 311
Brackish-water
57 | Mbf brown coal-bearing | g, yanian Py Hidas Fm
clay marl, marl, (M31)
calcareous marl
Stiavnica
stratovolcano: 151a,
58 | Mbvs Tuffitic sandstones | Badenian 151b, Demandice Fm.
with siltstones and 151c
conglomerates
Alternation of o
. Lajta Limestone
shallow-marine, _ Szilagy Clay
59 | Mblsml r'ed-algae-bearlng Badenian Marl or Baden
limestone and clay
Fm together
marl
Alternation of
shallow-marine, Szilaay Cla
mollusc- and red- Marl gl%/ader)ll
algae-bearing M32; Fm ’Tekeres
60 | Mbls-mf limestone and Badenian M27, Lo
. Schlier; Lajta
conglomerate; M34 Limestone
foram|n|feral,_ together
mollusc-bearing
clay marl, clay
Shallow-marine,
mollusc- and red- &
algae-bearing . o ) Spilie Fm, '
61 | Mbls . . Badenian M32 Lajta Limestone 62a Studienka Fm. 25 Hrastovec- 300 104 Leithakalk
limestone with Kresnica Mb

patch reefs;
conglomerate
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Shoreline gravel-
conglomerate,
sandstone; .
calcareous Pusztamiske
siltstone, marl; M33; Fm; Szilagy
62 | Mbc-mf shallow-marine and Badenian M27, Clay Marl,
open basin M34 Baden Fm,
pen ba Tekeres Schlier
foraminiferal,
mollusc-bearing
clay marl, clay
Ssgr?drzltglr?egravel, Pusztamiske
63 | Mbc-Is . o Badenian M33 Fm; Lajta
siltstone; shallow- h
. ; Limestone
marine limestone
Shoreline gravel
and conglomerate, Pusztamiske 67a, 67b, Spa ince Em 100,101,1
64 | Mbc sandstone; Badenian M33 Em 68, 68a, Ja?(ubov Fm ’ 27+28 310 03,105,12
calcareous 68b ' 9
siltstone, marl
Haloze Fm,
65 | Mbtu Tuff (Ranca tuff Early Badenian 29 Stoperce-Kungota
bed)
Mb
66 | Mbbr Breccia Badenian
Miocene Badenian
67 | Mb sediments in
general Badenian
Middle Miocene .
h . Middle
68 | M2 sediments in Miocene
general
Open—ma_rlne silt, Tekeres—Garab
clay marl; shoreline — :
Schilier,
conglomerate, (M39, Pusztamiske
Mkb-Mbc-Is- | sandstone; shallow- | Karpatian— M33, .
69 - - ] ; Fm, Lajta
mf marine limestone; Badenian M32, h .
; Limestone;
shallow-marine and M27- -
open basin clay M34) Szilagy, Baden,
Tekeres Fm
marl, clay
ggsr;r:ﬁr?ﬁaﬁgt\}v_ — Tekeres—Garab
Mkb-Mbls- marine limestone; Karpatian— (M39, S_chller, La_Jta
70 . ] M32, Limestone;
mf shallow-marine and | Badenian -
open basin clay M27- Szilagy, Baden,
M34) Tekeres Fm

marl, clay
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Open-marine silt, _ Tekeres—Garab
clay marl; shallow- . : L
. : ’ Karpatian— (M39, Schlier, Szilagy,
71| Mkb-Mbmf marine and open Badenian M27- Baden, Tekeres
basin clay marl, M34) Em
clay
Open-marine silt Tekeres Schlier Haloze Fm,
' Karpatian— — (karpatian, from 75, 76, | Zavod Fm., LakSary Stoperce-Kungota
72 | Mkb fnaanr?y clay, clay Badenian (M39) Slovenien), 76a, 76b | Fm. 30 and PleSivec-
Garab Schlier Urban Mb
73 | MKkb t Terrestrial breccia, | Karpatian— Eggenberger
- red clay, debris Badenian Brekzie
Alternation of open- Tekeres
marine silt, sandy Karpatian— Schlier-Tar
74 | Mkb_czt clay, clay marl and Badenian Dacite Tuff
biotitic, pumiceous tooether
dacite tuff 9
Pyroclastics: .
75 | Mkzt biotitic, pumiceous gzgﬁ:gﬂ‘ M40 Tar Dacite Tuff
dacite tuff
Shoreline sand—
sandstone, gravel—
conglomerate; .
o Egyhazasgerge
76 | M1c shallow-marine Karpatian M44 Fm, F6t Fm, 340 109,136 | Korneuburg
sand-sandstone Budafa Fm Formation
with patch reefs,
gypsum-bearing
clay
\',:J;'t\gfl ;at\)lﬁfk'Sh' Ottnangian— Lioeterd 108,110,1 | Sinnersdorf
77 | Mifc et Karpatian M45 el 350 12,113,11 | Formation, Rust
9 ' (Badenian) 4 Formation
sand, marl
Arnfelser
78 | M1cas Conglomerate, (Ottnangian-) Konglomerat,
9 sand, schlier Karpatian Leutschacher Sand,
Gamlitzer Schlier
Fluvial-paludal—
brackish-water Ottnangian— M45- g:g\r/]vrr‘lbgggal _
79 | M1bc-fc brown coal; sand— | Karpatian M46 Ligeterd
sandstone; (Badenian) 9

carbonaceous clay,

Gravel together
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gravel-
conglomerate,
sand, marl

80

M1lbc

Fluvial-paludal—
brackish-water
brown coal; sand—
sandstone;
carbonaceous clay

Ottnangian—
Karpatian

M46

Brennberg
Brown Coal

81

Salg6tarjan Fm.,
Banovce Fm., Planinka
Fm.

360

107,115

Kohleflirende
SiRwasserschichten

81

M1ml

Open-marine silt,
sandy clay, clay
marl

Ottnangian—
Karpatian

Gamlitzer Schlier

82

Mort

Pyroclastics:
biotitic, pumiceous
rhyolite-rhyodacite
ignimbrite
(Ottnangian)

Ottnangian

(M48)

Gyulakeszi
Rhyolite Tuff

83

Meb_t

Terrestrial clay,
sand, gravel, lignite

Eggenburgian—
Badenian

Somlévéasarhely
Fm, Perbal Fm

84

Mla

Amphibole
andesite,
subvolcanic bodies
and dykes

Eggenburgian—
Ottnangian

Mecsek
Andesite

85

M1m

Intertidal-subtidal
sand, loose
sandstone; gravel,
sand, clay

Eggenburgian

M51

Budafok Fm

84, 84a,
84c

Luice Fm.

380

116,117,1
18,119,12
0,121,122,
149,152

Luschitzer Serie

86

Migr

Granodiorite,
transition to dacite

Early Miocene

(old
381)

Peripannonian
pluton Fm

87

M1

Lower Miocene
sediments in
general

Early Miocene

88

Miocene sediments
in general

Miocene

89

Ol-PI

From Oligocene to
Pliocene sediments

Oligocene—
Pliocene

90

Olb

Intertidal, brackish-
water — lacustrine
sand-sandstone;
calcareous silt,
clay, variegated
clay, conglomerate,

Oligocene

0ol2

Torokbalint
Sandstone —
Many Fm

411e

Lu enec Fm

31

Govce Fm

390

STMK
(131)
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coal
Fluvial-lacustrine—
paludal clay, sand,
Va”e%fﬁed Cl_zy,l Csatka Fm;
91| OIf-Olb gave: ntertidal, | 540cene 013, OI2 | Torokbalint—
rackish-water— .
> . Méany Fm
lacustrine sand, silt,
clay, conglomerate,
coal
Fluvial-lacustrine— STMK
paludal clay, clay (27—
92 | OIf marl, sand— Oligocene OlI3 Csatka Fm 32.35 Pletovarje Fm 400 130,132,
sandstone, gravel— 133,134,1
conglomerate 37)
- Early
93 | Olatu Ande§|t|c tuff, Oligocene 401 Smrekovec Fm
tuffite; marlstone :
(Rupelian)
Open-marine silt, .
clay marl; intertidal, é::‘cgll—Tard
94 | OImf-Olb brackish-water— Oligocene Ol4, 017 | L. A
> . Torokbalint—
lacustrine sand; silt, Many Fm
clay, coal
Open-marine
clayey, clay marly
silt, clay marl; Early Kiscell Clay, . 170,171,1
95 | Olmf restricted sea Oligocene 04, ol Tard Clay 425 Hrabnik Fm. 410 72
basin: clayey silt,
tuffite, sandstone
Shoreline coarse-
grained sandstone;
fine-grained
sandstone, Harshegy
96 | Olc conglomerate, Early 0I5, 0I8 | Sandstone, { Fm.-Blh Mb., |
fireclay; calcareous | Oligocene Iharkdt Em Fm.-Skalnik Mb.

conglomerate,
variegated clay;
calcareous
sandstone
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97

Olbx

Continental, re-
deposited bauxite;
clay, red clay,
debris

Early
Oligocene

— (019)

Obarok Bauxite

430

STMK
(135,136,
138-141)

98

Ol

Oligocene
sediments in
general

Oligocene

99

EOI_ml

Shallow bathial
marl, calcareous
marl

Late Eocene —
Early
Oligocene

100

E3ls

Subtidal sediments:
limestone and
calcareous marl
containing large
foraminiferans and
red algae

Late Eocene

E2

Szépvolgy
Limestone

440

124,173,1
74,183

101

E2-3cl

Terrestrial clay, silt,
sandstone, gravel—
conglomerate, coal

Middle—Late
Eocene

E4

Kosd Fm,
Szentl rinc Fm

102

E3

Upper Eocene
sediments in
general

Late Eocene

103

E2-3a

Biotite-amphibole
andesite lava,
piroclasts,
subvolcanic bodies,
intrusive
quartzdiorite

Middle—Late
Eocene

Szentmihalyi
Andesite

104

E2-3mla

Alternation of open-
marine silty marl,
glauconitic
sandstone; shallow-
marine clay marl,
marl and biotite-
amphibole andesite
lava, piroclasts

Middle—Late
Eocene

Padrag Marl —
Szentmihalyi
Andesite
together

105

E2-3ml

Open-marine silty
marl; tuff, bentonite,
tuffite, glauconitic
sandstone; shallow-
marine clay marl,
marl, fresh-water
calcareous marl,
fluvial sand,

Middle—Late
Eocene

E5, E6

Padrag Marl,
Tokod Fm,
Lencsehegy Fm

431,431a

Lubina Fm, Jablonka
Fm.

43

Socka beds

450

176
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calcareous
sandstone

106

E2ls

Shallow-marine
limestone and
calcareous marl
containing large
foraminiferans and
red algae

Middle Eocene

E7

Sz c Limestone

45

Alveolina-
nummulites
limestone

460

177

107

Ebc

Paralic, paludal
brown coal,
carbonaceous clay,
bauxitic clay; sand,
gravel, travertine,
calcareous marl

Middle Eocene

E10

Dorog Fm,
Darvasté Fm,
Lencsehegy Fm

Obid Mb. (neformalny
nazov, Vass)

108

E2

Middle Eocene
sediments in
general

Middle Eocene

109

Ebx

Continental bauxite,
bauxitic clay,
kaolinic clay

Early—Middle
Eocene

Ell

Gant Bauxite

110

Eocene sediments
in general

Eocene

111

Pc-E3Is

Reefal,
organogenic and
organodetritic
limestones,
Operculina-
limestones,
dolomitic breccias,
carbonatic
sandstones

Paleocene
(Montian) to
Late Eocene

426, 429,
429a,
430, 432

Domani a, Hri  ovské
Podhradie , Jablonov,
Dedkov vrch Fm.

112

PcE2ml

Shallow-marine
clay marl, marl;
mollusc-bearing
marl, calcareous
matrl, silt, sandstone

Paleocene —
Middle Eocene

ES8, E9

Csolnok Clay
Marl, Csernye
Fm (E2)

433

Priepasné Fm.(Pc-E2)

470

113

PCE1_ W

Western Carpathian
Flysch Belt: flysch
with dominant grey
calcareous shelly
claystones

Paleocene —
Early Eocene

478

Svodnica Fm.
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Raca Nappe — Palaeocene—
1141 Pg R flysch sediments Eocene 80, 81 Raca nappe
Waschbergzone —
115 |PcMo_ W | marl, clay, sand, | Paleocene- 1000 178 Waschbergzone
Ottnangian (Kénozoikum)
sandstone
Greifenstein nappe Greifenstein nappe
116 | Pg_Gfz (Zistersdorf slice) — | Paleogene? ; napp
. Zistersdorf slice
flysch sediments
Greifenstein nappe Greifenstein nappe
117 | Pg_GfG (Gostling slice) — Paleogene? Gostling slice pp
flysch sediments 94 9
Greifenstein nappe 5 . .
118 | Pg_Gf — flysch sediments Paleogene 90, 91, Greifenstein nappe
Kahlenberg nappe 5
119 | Pg_K — flysch sediments Paleogene? 100, 101 Kahlenberg nappe
Laab nappe — 5
120 | Pg_L flysch sediments Paleogene? 120, 121 Laab nappe
Marlstone, turbitite, | Upper 435440 z%;oxﬁ d(i;vri(zilé% (435-
121 | KPg_G sandstone, Cretaceous — 434, 4 41’b G ! di 501 Gosau Fm 1300 351 Gosau-Gruppe
limestone, coal Paleogene ' osau-type sediments
’ (434, 441b)
Pelagic limestone Senonian — Jako6—Polany
122 | K2ml and marl Early K2, K4 Marl 49 Sabotin beds 500 355
Paleocene
Pelagic limestone
123 | K2ml-Is and marl and Late K2, K3,
h Cretaceous K4
platform limestone
Alcali basic and Late
124 | Kav ultrabasic dykes Cretaceous
Gosau-type
dominantly marly, .
125 | K2tb often turbiditic Senonian
clastic complex
Flysch Belt — flysch .
126 | K2_Ffl complex: Senonian 48417b7,c, tﬁglee rg:(tzgt]. (‘éil?é’l(;)%)
sandstones, shales - POS.
127 | K2_PAl Pieniny Klippen Senonian 482a Jarmuta Fm.

Belt — flysch
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complex
) . Ugod Lipica Fm, STMK
128 | K2Is Platform limestone | Senonian K3 Limestone 57.54 Se ana Fm 510 (394)
Halimba
Continental Bauxite, 352,353,3 Kainacher Gosau
129 | K2t siliciclastic and Senonian K5 Csehbanya Fm, 520 58,367,36 und Aguivalente
swamp facies Ajka Brown 9 q
Coal
Washberg Zone —
130 | K2Mo_w | Slaystone, Turonian-— 70,71 | Washberg Zone
marlstone, sand, Ottnangian
sandstone
Subvolcanic dike:
picrite, S
- Late Budakeszi Pikrit
131 | K2_hd microgabbro, ' Cretaceous K6 =
basalt, carbonatic
dyke rocks
Autochtonous — Late
132 | K2_Au marine clastic 60 Autochtonous
. Cretaceous
sediments
133 | k2 _Upper Cretaceous | Late
in general Cretaceous
Tatricum — Middle-
Upper Cretaceous | Albian— 696,697, | Hranty, Razov, Poruba
134 | K_Tfl - .
clastic complex Senonian 698 Fm.
(flysch)
Pelagic marl — open Vértessomi6
135 | Kml-Is gIC 1 P Aptian — Albian Marl — Tata
marine limestone )
Limestone
. Albian— Vértessomlo,
136 | Kml Pelagic marl Cenomanian K7 Pénzeskut Marl
Marlstone, Barly Lower Cretaceous
137 | Kss sandstone, turbitite, | Cretaceous — . )
. ; undifferentiated
breccia Cenomanian
138 | Kpls-K1f Platform limestone | Albian K8 Kornye-Zirc
Limestone
139 | Kpls Platform limestone | Albian K8 Kornye-Zirc
Limestone
ta\as;%uosrtlg?fe;nqgtions . Tés Clay Marl -
140 | K1f-Kpls Albian K8-K9 Kornye
— platform .
. Limestone
limestone
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Continental,
141 | K1f lacustrine, and Albian K9 Tés Clay Marl
lagoonal formations
gﬁ;?%ﬁs (marl Earl Labatlan
142 | K1t sandstone ! Cret);ceous K12 Sandstone, 570 372
y Bersek Marl
conglomerate)
Tatricum — Early
143 | K1Tls B|odc_atr|t|c, sandy Createcous 699, 699a | Solivar Fm., undivided
etc. limestones
Bathial silty marl, .
144 | Klbml siltstone, Barremian— — Sumeg Marl
Aptian
calcareous marl
Tatricum — Intrusive
and extrusive
bodies of basic
145 | K1Tlim eruptives, Early 700 | Limburgites — Tatricum
hyaloclastites, Cretaceous
limburgites and
their
volcanoclastics
146 | K1ls $hal|ow marine Valgng|n|an - |k10 Borzavar--Tata
limestone Albian Limestone
Fatricum — Northern
Veporicum: dark
grey marl, sandy Berriasian — Poruba Fm. (626)
147 | K1ml and organodetritic Albian 626, 628 | Padla Voda, Hlbo a
limestones, and Bohata Fm. (628)
breccias, cherty
limestones
148 | K1 _Lower Cretaceous | Early
in general Cretaceous
Cretaceous in
149 | K general Cretaceous
Mucronaten
(?Izggt_gr?gdfr:gne’ Late Jurassic — Schichten, Palava,
L " /a. | Cretaceous 179,180,1 | Klement,
150 | JK_W Eﬂh;;tgslgmestone (A (Oxfordian— 1050 81,182 Ernstbrunn,
’ Maastrichtian) Klentnitz(Klentnice)

Waschberzone)

Fm
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Very low grade Late )
151 | IK_I . Jurassic?— Ikervar Unit
metasediments
Cretaceous?
Mottled clay marl
(Buntmergelserie), | Middle Buntmeraelserie
152 | JE_H limestone, Jurassic — 1100 247.249 Kli en‘g !
marlstone (Klippen) | Middle Eocene Pp
(A-Helvetikum)
Greifenstein,
. Altlengbach Fm,
][Thsecr;]ogg::tfc Wolfpassing, Sulz,
S‘é’m o 253,254,2 | Sievering,
' Jurassic — 55,258,25 | Kahlenberg, Laab,
153 | JE R claystone, Middle Eocene 1200 9,260, Kaumberg Fm,
marlstone, .
265-278 Zementmergel-serie,
calcareous marl,
siltstone calcareous Flysc_h,
Gaultflysch, Pikrit,
Quarzit, Serpentinit
Pieniny Klippen Pieniny Klippen Belt
Belt — Jurassic (Hrbka, Pieniny,
limestones, cherty . Ko hora, Tissalo,
154 | JIK_P and marly Jurassic— 170,171,P radiolarites,
Cretaceous 5,P6

limestones and
Cretaceous flysch
complex

Czorsztyn, Allgau
and Gresten Fm.
And Jarmuta Fm.)
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Pieniny Klippen 298166 Hrbka, Pieniny,
Belt: dominantly Jurassic — 491(:’ Ko hora, Tissalo,
155 | JK_Pls limestones, cherty | Early 492a’ radiolarites, Czorsztyn,
and marly Cretaceous 492b’ Allgau and Gresten
limestones 495a’ Fm.
Crinoidal and
Tatricum: cherty, Jurassic — ;gé ;83 brecciated limestones,
156 | JK_TIs nodular, marly Early 712’ 716’ Trlena Fm., dark
limestones, silicites, | Cretaceous 7’17 ' | shales, Lu ivna Fm.,
Adnet Limestone
Northern Mraznica, Osnica Fm.,
Veporicum — Jurassic — 630, ﬁgnie:h:éerﬁgzr, Allgau,
157 | JK_VIs Fatricum: cherty, Early 632,633a, Jaspenina’Fatral and
nodular and marly | Cretaceous 633b, 635 Pristodolé)k Fm
limestones »~ammonitico rosso*
Low-grade
metamorphic
formations (phyllite, K szeg Quartz
calc-phyllite, quarz Phyllite, Velem
phyllite, quartzite, Jurassic — Calc-phyllite, 279- - .
158 | JK1_Pe metasandstone, Early jE; 18 Fels csatar 580 285,287- gzgﬂlr?il(z:grnllftiﬁlheit
metaconglomerate, | Cretaceous ’ Greenschist, 289
greenschist, basic Vashegy
metatuff, Serpentinite
metatuffite)
(Penninic unit)
i]ir*rgsstsc;(r:l g Elaé%(r:l Jurassic — Mogyor6sdomb
159 | J-K1bml y Early J13-K Limestone —
Cretaceous bathial .
Cretaceous Sumeg Marl

marl
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Pisznice—
Isztimér—
T zkOves-arok—
L Hierlatz—
Pelagic limestone, .
. Eplény—
cherty limestone, Tolavhat—
argillaceous 1gyNna
: . J1, J5, Palihalas
limestone, nodular | Jurassic — 3739 Limestone 375,378,3 Schwellenfazies
160 J limestone, Early Jli ’ Kis erecsé 590 82,384,38 Kalksbur Formétion
crinoidal— Cretaceous ' gerecs 8,392,394 9
: J13 Marl, Urkuat
brachiopodal
: Manganese
limestone, marl, Ore. Lokt
radiolarite Radiolarite,
Mogyor6sdomb
Limestone,
Sumeg Marl
161 |33 Upper Jurassic Late Jurassic 1500 | 495
undifferentiated
Autochtonous Autochtonous
162 | J3_Aubs Malmian basinal Late Jurassic 50 Malmian basinal
sediments sediments
Grey limestone,
shale, slope breccia | Sam-Late 704, 708, | Somar, Marianka,
163 |J_Tls and sandstone (Liassic — 711, 713, | Korenec, Slepy and
(Northern Tatric, . 714 Prepadlé Fm.
) Malmian)
e.g. Vahic slope)
164 | JPg_Sch Helvetic unit 110.11 Schottenhofzone
with Klippen
Hronicum: grey to .
reddish limestones, ?rey to reddish |
marly, _ imestones, marly,
165 | J_HIs organodetritic or Jurassic 599 organod_etrltlc or
muddy limestones, muddy limestones —
marlstones undivided
Platform (shallow-
marine), cyclic .
(thick-bedded Late Triassic — Dachstein- Hronicum: Dachstein 395,399,4
166 | T3ls partly alga- Early Jurassic 2,310 Ei?r:ggts(;ﬁ:e 600 and Norovice Fm. 610 00,403 Oberrhat-Riffkalk
laminated)
limestone
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HU-200 . Slove- . . .
Transenergy . . Hungarian Slovak ) . : Slovenian Unit- HU-A | Austrian ) .
Lithology Detailed age map L Slovakian Unit-name nian Austrian Unit-name
symbol symbol Unit-name symbol symbol name symbol symbol
Basinal limestone,
dolomite, cherty Norian— .. . Pieniny Klippen Belt,
. . Kdssen, Rezi . ; 396,397,4
limestone, cherty Rhaetian and . 496, 637, | Tatricum, Fatricum—N- ! ! . .
167 | T3bls dolomite, marl, clay | Earlymost T3, T4 | Dolomite, 719, 720, | Veporicum: Carpathian 620 05,406,40 | Kossen Kormation
; Feketehegy Fm . 7
matrl, calcareous Jurassic Keuper, Késsen Fm
marlestone
Dachstein
Limestone,
Main Dolomite
Platform carbonate Carnian- ('Hauptdolomit’),

168 | T3p (dolomite, Rhaetian Ederics

limestone) together )

Limestone,

Sédvolgy

Dolomite

Main Dolomite
Platform (shallow- ('Hauptdolomit’), . Dachstein
mavine) (thick- Carnian— Ederics Fatricum—N- Main Dolomite Formation

169 | T3d bed_ded, partly alga— Norian T5, T6 Limestone, 602, 639 Veporlcum, Hromcum: 77 (Hauptdolomit’) 630 404 Haupdolomit
laminated dolomite, g Main Dolomite .

. g Sédvolgy Formation
biogenic limestone -
Dolomite
Fatricum—N-
Basinal marl and . Veporicum, Hronicum:

170 | Tkbls limestone, Carnian 7 T8 ﬁ;”‘i;’égsgém 603, 605, | Lunz Mb., Vy&ny 640 408,409,4 | Lunz Formation,
bituminous ! Ma;’l P 610, 640 | Slavkov Mb., Oponice 10 Raibl Formation
limestone, dolomite Limestone, Partnach

Beds
Upper Triassic
171 | T3 sediments in Late Triassic
general
Tatricum, Fatricum—N-
606, 607, | Veporicum, Hronicum: 413.414.4
. Ladinian— Budaors 608,613, | Ramsau Dolomite, . ! Wetterstein
172 | Tpd Platform dolomites Carnian T15 Dolomite 642, 643, | Podhradie Fm., 86.84 Schlern Fm 650 35,417,14 Formation
721, 721a | Vysoka Fm.,

Wetterstein Fm.
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Slove-

Transenergy . . Hungarian Slovak . . : Slovenian Unit- HU-A | Austrian . .
Lithology Detailed age map L Slovakian Unit-name nian Austrian Unit-name
symbol symbol Unit-name symbol symbol name symbol symbol
South Karavanka
unit — Formations of | Middle—Late South Karavanka
173 | T23_SKcb platform and basin | Triassic unit
facies
Formations of
platform and basin
facies (Middle .
174 | Tcb Transdanubian .'\I.A rligcsllseigLate — — —
Tectonic Unit,
Transdanubian
Unit)
Ilzi)rizgtlc():ﬁgar?:)ndular Fured Hronicum: Reifling,
or chert I’imestone Anisian— Limestone, 609. 611 Zamostie, Gader, 420,421,4
175 | T2Is ) y S T16 Buchenstein y ' | Raming and 90.88 Wengen Fm 670 22,423,67 | Reifling Formation
with tuffaceous and | Ladinian . 612
L ) Fm, Fels ors Schreyeralm 0
siliciclastic Fm Limestones
intercalations
Platform and
176 | T2cb b_a_5|_nal cgrbonates, Middle Triassic Transdanyb|an
silisiclastic Range unit
intercalatons
Shallow marine, T_agyon
: Limestone, . . .
platform, cyclic, Megyehegy Tatricum, Hronicum:
partly bituminous - T25, ; 614, 617, | Gutenstein Fm., grey Anisian dolomite 425,428,4 | Gutenstein
177 | Tach limestone and Anisian T27,T28 Dolomite, 617a, 722 | dolomites, Steinalm o1 Fm 680 29 Formation
o . Iszkahegy
dolomite; bitumenic . Fm.
marly limestone legstone, .
Asz6f Dolomite
Middle Triassic
178 | T2 sediments in
general
Csopak Fm . .
i . - P Tatricum, Fatricum—N-
Siliciclastic and Koéveskal Fm S .
o - p ’ 619, Veporicum, Hronicum: 430,431,4 !
179 | Ticb carbon_ate Early Triassic | — H|qegkut Fm, 645¢, 723 | La na Fm., Benkovsky 92 Werfen Fm 690 32,434 Werfen Formation
formations Aracs Fm, otok and Su_ava Em
Alcsutdoboz Fm P ’
Siliciclastic and
180 | T_L carbonate Triassic Ljutomer Unit
formations
181 T Triassic sediments

in general

29




Transenergy
symbol

Lithology

Detailed age

HU-200
map
symbol

Hungarian
Unit-name

Slovak
symbol

Slovakian Unit-name

Slove-
nian
symbol

Slovenian Unit-
name

HU-A
symbol

Austrian
symbol

Austrian Unit-name

182

Mz_UA

Uppermost
Austroalpine
nappes —
siliciclastic and
carbonate
formations

Triassic—
Cretaceous

Uppermost
Austroalpine nappes

183

Mz_UH

Unterberg,
Havranica,
Reisalpe, Goller,
Veternic, Jablonica,
Choc nappes —
siliciclastic and
carbonate
formations

Triassic—
Cretaceous

Reisalpe, Unterberg,
Goller, Veternic,
Havranica,
Jablonica, Choc
nappes

184

Mz_F

Frankenfels, Lunz,
Vysoka nappes —
siliciclastic and
carbonate
formations

Triassic—
Cretaceous
(locally
Permian)

Frankenfels, Lunz,
Vysoka nappes

185

Mz_AT

Austroalpine, Tatric
units — very low-
grade to low-grade
siliciclastic and
carbonate
formations

Triassic—
Cretaceous

Austroalpine, Tatric
units

186

Mz_V

Veporic unit — low-
grade siliciclastic
and carbonate
formations

Triassic—
Cretaceous

Veporic unit

187

Mzls

Triassic — Jurassic
— Cretaceous
limestone of
Transdanubian
Range

TIK

188

Mzch

Mesozoic
carbonates

Mesozoic
carbonates

189

Mz

Mesozoic in general

190

Pz-Mz

Upper Paleozoic
and Mesozoic
formations in
general

Late Paleozoic
and Mesozoic

105

700

294-301,

303,304,3
07,426,42
7,433,439

Zentralalpines
Permo-Mesozoikum
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191

PT_SK

Southern
Karavanka unit —
Permian and
Triassic clastic and
carbonate
formations

Southern Karavanka
unit

192

PT_NK

Northern
Karavanka unit —
Permian and
Triassic clastic and
carbonate
formations

Northern Karavanka
unit

193

Pt

Continental
silicilcastic
formation

Middle—Late
Permian

Balatonfelvidék
Sandstone

724b

Devin Fm.

94

Val Gardena fm

Haselgebirge,
Prebichl-Formation

194

Pmcb

Shallow marine
silicilcastic and
carbonate
formations

Permian

Tabajd
Anhydrite,
Dinnyés
Dolomite

98.1

Rattendorf Group

195

P1

Limestone

Early Permian

33, 97

Dolzanova
soteska fm

196

Permian sediments
in general in
Transdanubian Unit

Permian

Permian
sediments in
general

197

Southern
Karavanka unit —
Permian sediments
in general

Permian

South Karavanka
unit

198

CT1_H

Hronic unit —
sandstone, shale

Carboniferous
— Lower
Triassic

Choc nappe (Hronic
unit)

199

CP_Ivs

Cyclical
volcanosedimentary
complex: clastic
and basaltic rocks

Late
Carboniferous
— Permian

624a,
624b,
624c,
625a

Hronicum: Ipoltica
Group (Malu ind and
Ni na Boca Fm.)

200

C_Tor

Biotitic and two-
mica granite,
granodiorite and
tonalite, leucocratic
granite, diorite

Carboniferous

7354,
737, 738,
740, 742,
743, 745

Tatric Crystalline —
hercynian intrusive
rocks
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Marble, calcareous
slate (Graz . . Graz Paleozoikum
201 | Dmb Paleozoikum and Devonian _ Bk Fm 730 612 and Equivalents
Equivalents)
Sausal unit — .
?
202 | SD_SaR Radochen beds Paleozoic?
203 | SD_Sa Sausal unit in Paleozoic
general
204 | SD_mb Metabasit Paleozoic
Blumau unit —
205 | SD_BI Phyllite and Paleozoic
carbonate rocks
206 | SD_Ar Arnwies group . Paleozoic
(Graz Palaeozoic )
207 | sD_G Graz paleozoic in Sllunan— 1700 468,469 Graz Pal_eozmkum
general Devonian and Equivalents
442,443 ,4
. Ordovician— 44,447,44
208 | OC_G Géﬁ)é\:;?kezone n Carboniferous 1600 9,451,455, | Grauwackenzone
9 (-Jurassic) 457,458,4
59
hwoggélg”nri?;hic Balatonf kajar,
: Lovas, Als6ors,
formauon; (slate, Szabadbattyan,
calc-phyllite, quarz. | o . ician Polgardi
209 | OC_Tr phyllite, quartzite, : oL e
metasandstone, Carboniferous g?tl;m Urhida
metaconglomerate, !
) - Nemeskolta Fm,
basic metatuffite, Mihalvi Em
limestone) Y
Slates with lenses
of diabase and -
210 | OSsh interlayering of Ordovician— 103.104 Magdalensberg
- Silurian fm
marmorized
limestone
Clorite-amphibole .
211 | caOph and biotite chlorite | S&MPrian- 106.107 | Kobansko and
) . Ordovician Phyillite Fm
schists and phylite
- : Pohorje Fm,
212 | Pz_s Serpentinite Paleozoic 105 serpentinite
Veporic unit — Earl
213 | Pz_Vcr gneiss, schist, o Veporic unit
Paleozoic?

phyllite, marble,
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amphibolite

Tatric unit — gneiss, Earl
214 | Pz_Ter schist, phyllite, o Tatric unit

M- Paleozoic?

marble, amphibolite

Austroalpine units —

gneiss, schist, Early . .
215 | Pz_Acr phyliite, marble, Paleozoic? Austroalpine units

amphibolite

Paleozoic Paleozoic
216 | Pz_met metamorphis units | Paleozoic metamorphic

in general rocks

Medium-grade

polymetamorphic . .

formations with Op r.clann’berg_ 309,311,3

. h Voroshid Mica

Alpine overprint Pz1, Schist 12,315-

(gneiss, mica . Pz2, ' od 106 } 325,333,3 | Austroalpines
217 | PzS schist, phyllite, Paleozoic pz3, | Sopronbanfaiva do114 |Pohorje Fm 740 13834234 | Kristallin i.A.

: neiss,
pegmatite, Pz4 . . 6,347,348,
' Fuzesarok

leucophyllite, White Schist 475,476

quartzite, quartz

schist)

Medium- and high- Fert rakos

grade - 747, 748, .

polymetamorphic Pz5 Crystalline 748a Tatric Crystalline — Austroalpines
218 | PzF - Paleozoic ’ Schist Group, ! ; 750 326-331 Kristallin, Wechsel-

formations Pz6 A . 749, 756, | metamorphic rocks A

(amphibolite Godol_yeb_erc 758 Einheit

! P Amphibolite

gneiss, mica schist)

219 | Pz Paleozoic in geneal | Paleozoic
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3.4 Definition  geological time  horizons  corresponding d

hydrostratigraphical units — the buildup of the gedogical model

The hydrostratigraphic units are composite unitscivrencompass different geological
formations with the same hydrogeological properties

One of the aims of the project was to delineatesgéhmain hydrostratigraphic units
connected to different geological formations oftaerage and lithology. The compiled model
maps show the interface of these hydrostraigraphits. In general, we compiled the lower
interface, called base map. The base map showsafiams appearing just below a given age
horizon and the topographic surface of these faonatabove see level for the distribution
area of the formations. For instance, the Pre-Bademorizon map contents the surface grid
and geological formation patches of pre-badenianksdow the badenian rock’s distribution
area. So, building the model upward from the lowestmodel map, the model space is filled
up with all ages and formations without gaps.

The supra-regional geological model is a so cdlfihg carpet” model, which means
that instead of a voxel model, surfaces encompasssturface space grid and geological
database informations (Encl. 1.1. 1.17). Model bing and verification is further discussed
in chapter 3.8. The main difference between theasapea and the pilot areas models is that
only the pilot models contain modelled tectonicfaces, and these model grids were edited
more accurately based on the evaluations of 2Drseisection series and gravitational,
magnetotelluric modelling.

The most important hydrostratigraphical units o thupra-regional area and the pilot
areas respectively are the following:

Supra-regional area:

Supra regional area hydrostratigraphical units
Holocen-Pleistocen alluvial systems along the main
rivers, Quaternary formations in the deep basins

Supregional area geological model maps
Quaternary covered geological map (Encl.1.1.)

Base of the Quaternary formations (Pre-
Quaternary) (Encl. 1.2., 1.3.)
Base of the Upper Pannonian formations (delta

Upper Pannonian sediments

Lower Pannonian sediments
Sarmatian sediments
Badennian sediments
pre-Badennian sediments
Paleogene formations

Post Triassic Formations

Triassic karstified limestone and dolomite complex

34

front sand) (Encl. 1.4., 1.5.)

Base of the Lower Pannonian formations (Pre-
Pannonian) (Encl. 1.6., 1.7.)

Base of the Sarmatian formations (Pre-Sarmatian)
(Enc. 1.8.,1.9)

Base of the Badenian formations (Pre-Badenian)
(Encl. 1.10.,1.11.)

Base of the Pre-Lower Miocene formations (pre-
Neogene) (Encl. 1.12., 1.13)

Base of the Cenozoic formations (pre-Cenozoic)
(Encl. 1.14., 1.15)

Base of Senonian formations (pre-Senoniain)
(Encl. 1.16., 1.17.)



Danube Basin:

Danube Basin hydrostratigraphical units Danube Basgeological model maps
Quaternary formations Surface geological map (Ehél.)
Upper Pannonian formations (delta front sand) Rdis®uaternary (Encl. 2.1.)
Lower Pannonian formations (delta slope sediments)Base of Upper Pannonian (Encl. 2.2.)
Sarmatian formations Base of Lower Pannonianl(En8.)
Badenian formations Base of Sarmatian (Encl. 2.4.)
Oligocene formations Base of Badenian (Encl.2.5.)
Cenozoic formations
Cretaceous formations Base of Cenozoic (Encl. 2.7.)

Triassic karstified limestone and dolomite complex

Vienna Basin:

Vienna Basin hydrostratigraphical units Vienna Basigeological model maps

Quarternary and Pannonian sediments Surface gealagap (Encl.1.1.)

Sarmatian sediments Base of Upper Pannonian (Bric).and Base of
Lower Pannonian (Encl. 3.2.)

Badenian sediments Base of Sarmatian (Encl. 3.3.)

Aderklaa Conglomerate Base of Aderklaa Formatiemc(. 3.5.)

Carpathian sediments Base of Badenian (Encl. 3.4.)

Eggenburgian and Ottnangian sediments Base of Kanp@ncl. 3. 6.)

Flyschzone Base of Eggenburgian and Ottnangian sediments

Gosau units (Encl. 3.7))
Base KPg_G - Giesshuebel Gosau model horizon
(Encl. 3.11a.)

Base KPg_G - Brezova-Myjava, Gruenbach Gosau
model horizon (Encl. 3.11b.)
Juvavic nappes and Carpathian Analogoues (TriassiBase Mz_UA - Juvavic Units model horizon (Encl.

karstified limestone and dolomite complex) 3.10)

Tirolic nappes and Carpathian Analogoues (Triassic Base Mz_UH - Tirolic Units model horizon (Encl.

karstified limestone and dolomite complex) 3.12)

Bajuvaric nappes Base Mz_F - Bajuvaric Units model horizon (Encl.
3.13)

Crystalline and metamorphic basement of Central Base Mz_AT - Mesozoic Cover of Austroalpine

Alpine & Tatridic units Crystalline model horizon (Encl. 3.8.)

Greywacke Zone Base OC_Gw - Greywacke Zone model horizon
(Encl. 3.9))

Autochthonous basement of the Bohemian Massif Top Bohemian Massif model horizon (Encl. 3.14.)
(Paleozoic — Tertiary)

Lutzmansburg-Zsira:

Lutzmansburg-Zsira hydrostratigraphical units  Lutzamsburg-Zsira geological model maps

Quaternary formations Surface geological map (Ehdl.)

Upper Pannonian formations (delta front sand) Rdis®uaternary (Encl. 4.2., 4.3.)

Lower Pannonian formations (delta slope sediments)Base of Upper Pannonian (Encl. 4.4., 4.5.)
Sarmatian formations Base of Lower Pannonianl(En6., 4.7.)
Badenian formations Base of Sarmatian (Encl. 4.8.)

Base of Badenian (Encl. 4.10., 4.11)
Base of Cenozoic (Encl. 4.12., 4.13.)
Formations of the crystalline basement Basemenbbian formations (Encl. 4.14., 4.15)

Devonian formations
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Bad Radkersburg-Hodos:
Bad Radkersburg-Hodos hydrostratigraphical Bad Radkersburg-Hodos geological model

units maps
Quaternary formations Surface geological map (Britl)
Upper Pannonian formations (delta front sand) RdsQuaternary (Encl. 5.1.)
Lower Pannonian formations (delta slope sediments)Base of Upper Pannonian (Encl. 5.3.)
Sarmatian formations Base of Pannonian (Encl. 5.5.)
Badenian formations Base of Sarmatian (Encl. 5.6.)
Cretaceous formations Base of Badenian (Encl. 5.7.)
Triassic karstified limestone and dolomite complex Base of Lower Miocene sediments (Encl. 5.8.)
Formations of the crystalline basement Pre-Terttargl..5.9.)
Komarno-Sturovo:
Komarno-Sturovo hydrostratigraphical units Komarn8turovo geological model maps
Quaternary formations Surface geological map (Hritl)
Upper Pannonian formations (delta front sand) Rdis®uaternary (Encl. 6.1., 6.2.)
Lower Pannonian formations (delta slope sediments)Base of Upper Pannonian (Encl. 6.3., 6.4.)
Sarmatian formations Base of Lower Pannonian¢Ef5., 6.6.)
Badenian formations Base of Sarmatian (Encl. 6.8.)

Base of Badenian (Encl. 6.9., 6.10.)
Base of Neogene (Encl. 6.11, 6.12)
Base of Oligocene (Encl. 6.13., 6.14.)
Base of Cenozoic (Encl. 6.15., 6.16.)

Base of Cretaceous (Encl. 6.17., 6.18.)

Oligocene formations

Cretaceous formations

Triassic karstified limestone and dolomite complex
Crystalline and metamorphic basement

3.5 Borehole re-evaluations

The project area includes several hydrocarbon dieddd well-known thermal water
resources. In the neighborhood of such objectsenons exploration wells have been drilled
(Figure 4). Data from these boreholes were obvitsise in our study, however, the
availability of data was limited by confidentialitysues. The density of boreholes was much
lower farther from the targets of fluid exploratj@specially in the deepest regions of the sub-
basins. Despite of that, we attempted to seleetadively evenly distributed set of boreholes
as input data for the geological modelling, whied o be complemented with thermal wells
providing relevant hydrogeological data.
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Fig. 4. Overview map showing the spatial distribntof the wells (1672) and seismic profiles usethaproject

Finally, 1672 boreholes throughout the project dnase been selected for evaluation
(Figure 4). In the Austrian, Slovakian and Slovenaeas, the depth values of the main
model horizons (“base maps”) were obtained for eaahl using original borehole
documentations and existing databases. In the Hiamgarea (including 742 wells), experts
have defined the depth of all formation boundadcesssed by the boreholes on the basis of
documentations and wireline logs, so a full re-esibn of the successions was carried out.
Some of the Hungarian wells had been partiallyudly involved in other recent re-evaluation
projects (e.g. the edition of Pre-Cenozoic basemaag in 2008-2010 or T-JAM in 2010-
2011); formation boundaries already defined in ¢h@sojects have not been modified.
However, the majority of the selected boreholesabex subject of re-evaluation in the frame
of Transenergy.

The used borehole documentations included prim#rgylithological description of cores
and drilling chips. In some cases, paleontologdata also had a key role in setting the
boundaries between chronostratigraphic units. \iMiedlog interpretation was very important
for defining several horizons, e.g. the boundabitsveen the Pannonian formations. The bulk
of the Pannonian succession is built up by altergainud, silt and sand, although each
formation has been deposited in a different typpatbeoenvironment, resulting in different
sedimentological and hydrogeological features. &hédferences are not reflected in the
lithology, but are very pronounced on well-logsr Egample, the uppermost unit of Lower
Pannonian generally comprises silt and mud depbsitea prograding slope, where only thin,
isolated sand ribbons were formed. Therefore thpp8y/Lower Pannonian” boundary is
clearly marked by the appearance of thick, finipgvard sandy intervals (delta front sand
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bodies) on the logs above the previously descridlede, making this time horizon of the
model easy to define. As the well-log interpretatiocused mainly on the sedimentology of
clastic sediments, SP (spontaneous potential),eRisfivity) and GR (natural gamma-ray)
have been used, all of them strongly connectelde@tain-size variations (Figure 5).

The position of all main geological time horizons the boreholes could have been
obtained as a simplification of the re-evaluatedcsssion. In the Transenergy database, the
formation names have been also converted to thexewd of the harmonized legend (see
Chapter 3.3). Figure 6 shows an example for a aduated succession and the possible steps
of its simplification.

Fig. 5. Reconstruction of a series of Pannoniastid sedimentary facies on wireline logs
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Fig.6. Re-evaluated borehole succession on difféesels of details

3.6 Interpretations of seismic sections

The boreholes can provide only point-based infoilomaabout the position of the time
horizons, and the spatial distribution of thesentsiis more or less uneven (Figure 4).
Therefore adding any method which can continousigge geological horizons along cross-
sections can significantly improve the reliability the model surfaces. For the subsurface
mapping of large areas with targeted horizons weise kilometers depth, seismic profiles are
commonly used.

Across the project area, 160 2D seismic profilesevaailable for the project (Figure 4):
132 from Hungary (107 in electronic, 25 in rastanfat), 17 from Slovakia (in raster format)
and 11 from Slovenia (in raster format). The téeabth of this seismic network was ca. 3000
km. The images of the profiles in electronic forf@EG-Y files) have been visualized and
interpreted in KINGDOM 8.5 sotfware. This softwanakes it possible to track the identified
horizons and fault surfaces along the profilescdaelate them at the intersections and to
export their interpreted positions. In the exportediasets, the horizons are sampled with X,
Y, Z coordinates in intervals of 100-200 m alongtearofile. Along those profiles which
have been provided only in raster format, horiztiase been drawn manually (always
verifying them at the intersections with other jes), than they have been digitized for
providing the same type of dataset (series of XZ ¥pordinates).

It is very important to note that the vertical dms@n on a seismic profile is the two-way
travel time of the seismic wave; hence it is nemgsto know the relation between the two-
way travel time and depth. Because of the compémtagical buildup, a single function can
not describe adequately the time-depth relationtlier whole area. Using a single velocity
value for each formation would result in differéimbe-depth functions for different locations
due to the varying thickness of the formations, thig method was not convenient in our
case, because the lithologies of the known format@&re not uniform, and their boundaries
are not known properly (note that locating therthesgoal of the study).

The analysis of some checkshot data (time-deptis pa@asured directly in wells) proved
that typical time-depth functions can be defined goven parts of the study area. After
choosing several wells as sources of charactegsigckshot data, the depth values for the
area between these wells has been calculated fagedity weighted averages of the values
given by the characteristic functions. As a firséps the weight factors used for this
calculation were assessed for the positions of @éls, based on the depth of stratigraphic

39



levels identifiable both on the seismic profiledan well-logs (the use of these levels as
control points is shown on Figure 7. Than gridsena@btained by kriging from these 158 data;
the grids provided weight factors, and (indirectlype-depth relations for the entire area.
Using the obtained weight factors in the previoudgscribed way, it became possible to
calculate the depth of the interpreted surfacesiegantinuously. The error margin of the

depth conversion is some tens of meters in thdiclbasin fill, and some hundreds of meters
if other lithologies (carbonates, volcanic or metaphic rocks) are also present above the
mapped surface.

For interpreting the stratigraphic horizons contiasly on the seismic profiles, we have
used the stratigraphic columns of wells locatechglthem as starting points. As a given
seismic reflection represents coevally depositeatast(it is a 'time-line'), reflection tracking
can provide continuous time horizons for the wrsdesmic network. The only mapped time
horizon for which this method is not appropriatehe Upper/Lower Pannonian boundary.
Despite of its name, this horizon is not a chroragjraphic boundary, but a facies change
developing in a time-transgressive way across dménian Basin. However, the appearance
of this horizon on seismic profiles is very chaegidtic in the areas with relatively thick
Pannonian succession. The uppermost part of theet.Bannonian succession is built up by a
prograding slope, appearing as a series of clinioon the profiles. The topsets of these
clinoforms (representing delta front and delta pldeposits) already belong to the Upper
Pannonian, hence the boundary can be exactly dogweonnecting the slope-topset breaks
(the ancient shelf breaks) across the subsequantaims (Figure 8).

Fig. 7. Example showing the method of calculatimg appropriate time-depth function for the positdiwo
wells (A and B), each having three control pointgwnown two-way travel time and depth. Time-depth
functions of three 'typical’ wells from areas wdtifferent subsidence history are labeled as f(t),and h(t).
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Fig.8. Typical clinoform pattern indicating the UgrflLower Pannonian boundary on a seismic profile

The contribution of seismic interpretation to tltitien of time horizons and 3D models
proved to be especially important in the deep baseitnoughs, where there are no boreholes
reaching the pre-Neogene or even the pre-Panndraaament; only the seismic profiles
could relieve the real thickness of the basinifillsuch cases (Figure 9). It should be also
noted that good quality seismic images show thetipnsof major faults and thrust planes
(Figure 10). These elements are seldom penetrateshdugh wells for setting their position
in 3D. However, fault planes obtained from the liptetation of a dense seismic network can
be used as an input for 3D geological modellingt ass acquired in case of some pilot areas
of Transenergy.

Fig.9. Seismic profile across SW Danube Basinyatig the assessment of the depth of geologicakbos in a
major basement trough with a single well on thegimafPa2: base Upper Pannonian, Pal: base Lower
Pannonian, Ms: base Sarmatian, Mb: base BadenlamrB-Cenozoic basement)
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Fig.10. Faults and thrust planes on a seismiclpriiim the Lutzmannsburg-Zsira pilot area (Pazebddpper
Pannonian, Pal: base Lower Pannonian, Mb: basenizeéT: pre-Cenozoic basement)

3.7 Gravitational and magnetotelluric interpretations

To support the geological models of the pilot ardlas gravitational and magnetotelluric
interpretation of the entire Hungarian project atee. the Hungarian part of the supra-
regional area) was prepared, which was calibratgdinberpreted seismic sections and
calculations of velocity-depth relations. First aprof geophysical surveys was edited (Figure
11) (i.e. map showing locations of various existygpphysical measurements, datasets). The
used data for the present investigations are showrFigure 12. Than gravitational and
magnetotelluric datasets were interpreted at aonagiscale, complemented by seismic data.
By comparing gravitational, seismic and geologidatasets (statistical analyses, iterative
modelling) those areas were outlined, where geaphlysiethods were suitable to follow the
basement morphology. The gravitational model wasinoped for selected areas, and
gravitation-based depth calculations were perforrffédure 13). To supplement tectonic
information, a boundary of gravity sources map wd#ed, which shows the horizontal
gradient maxima (Figure 14). Furthermore, the liocat of geoelectric inhomogenities within
the basement were also determined.
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Fig. 11. Geophysical coverage map for Hungariah gfathe Supra area

Fig.12. Applied geophysical map for Hungarian pdithe Supra area
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Fig. 13. Gravitational basement relief map for Haman part of the Supra area

Fig.14. Boundary of gravity sources map for Hungiaipart of the Supra area
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A Bouger anomaly map with 1 x 1 km grid and 2 2@@n¥ correctional density was
edited from gravitational data measured at 1.6tpdim? average density. Depth data can be
calculated from gravitational data using inversimethod. Parameters of the calculations
were tested along sections using various modeldarghole data in an iterative way looking
for the best fitting. In the 5 km surroundings bktsections, the gravitation-based depth
calculations were adjusted to the basement sunfeeejetermined by borehole data.

The magnetotelluric measurements made it possibtautline the major inhomogenities
(i.e. zones of good conductivity) in the basemspe ific resistivity smaller than 10 Ohmm,
shown by blue colors on the map). The reason fore@dsed resistivity cannot be specified
from the raw data. There are two possible explanatipresence of hot salty brines and/or
graphite. A part of the outlined conductivity zores/e a limited vertical extension down to a
depth of 10-15 km from the basement surface. Theges are extremely important from a
point of view of geothermal utilization as they gamovide space for fluid migration. Larger
zones with increased conductivity - which can edtas deep as the lower crust - provide
important information for the tectonic interpretati of the area. A map series was edited
about the spatial distribution of the conductivee®in the crust at depths of -7,5 km, -10 km,
-15 km and -20 km (Figures 15-18).

During the completion of the seismic datasets dmalr tcorrelation with the above
mentioned geophysical datasets, the horizons ofpteecenozoic (pre-Tertiary) basement
interpreted on the basis of regional seismic sestineasured by ELGI were also considered.
This independent method of interpretation providedood tool for cross-checking, which
showed a good correspondence, except for one sectio

Fig. 15. Resistivity distribution map at depth dd Km bsl for Hungarian part of the Supra area
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Fig. 16. Resistivity distribution map at depth 6fdm bsl for Hungarian part of the Supra area

Fig. 17. Resistivity distribution map at depth &fldm bsl for Hungarian part of the Supra area
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Fig. 18 R esistivity distribution map at depth 6fi@m bsl for Hungarian part of the Supra area

3.8 Creation of the Supraregional geological model in &£GIS and Jewel

The modeling of the Supraregional area was caroied primarily in ArcGIS (ESRI
ArcGIS Desktop 9.2 and 10 versions, 3D Analyst,t@p@nalyst, as well as Surfer 10. The
coordinate system of the model is WGS1984 UTM Z888&, its area is N 5405000, S
5122000, E 487500, W 801500. The projection is 3varse Mercator. All data is created in
or transformed into this system. The coordinatedf@mation was carried out by ArcGIS and
Global Mapper 10 software. In case the data tramsfbons were carried out by third party
actors, the results were verified and the incoesises were corrected. For the surface the
SRTM (Shuttle Radar Topography Mission) elevatioodel was used. The final cell size is
500 x 500 m, however during edition, 100 x 100 nd gras used temporarily

During edition, the largest problem was the hetently of available data from the partner
countries. Input datasets included final grids,seémg maps with isolines, geological and
geophysical data, as well as geological maps.h&iéé different of data had to be harmonized,
especially along state borders.

In the model, the lower interface (so called basgyof the previously defined geological
horizons was edited. The deepest horizon is thegmezoic (pre-tertiary), which is shown on
the entire model area, all horizons above it aspldyed only within the boundary of
occurrence of the geological formations of the gigeological age.

As a first step of modeling, an expert outlined dnsribution area of the formations of a
given horizon. This was based on borehole data surfhce outcrops. Then after the
combination of various data, the isolines of theegi horizon were edited, which were
interpolated by az ArcGIS 3D Analyst.
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ArcGIS is suitable to edit individual horizons, hewer it cannot handle the multiple
editing of several surfaces, e.g. considering teemuence. During the validation, several
checking methods were used by Spatial Analyst. \Elgre a geological horizon is known to
overlie the other one, do the two modeled surfége® a correct relationship, e.g. the older
surface does not cut into, or overlie the youngefase. This mistake was generally caused
by the lack of data related to one of the horizdhetefore interpolation created untrue data.
Another typical mistake was, when an ,empty spagas generated in the model, i.e. some
strata were missing between two horizons. This cdcoudve been corrected with the
combination of different geological maps and hamizgrids. As there was no automatic
method for the correction of the above mistakegaich case an individual decision had to be
made considering the geological buildup of the giaeea. Furthermore, each modification
affected the other horizons as well, thereforeatien process took a long time and required a
lot of efforts.

To identify the spatial distribution of model harizs between the pre-cenozoic and the
base of Lower Pannonian and Upper Pannonian (these the key horizons for the
hydrogeological models) another method was useal/éad the above lengthy iteration. The
position of these “intermediate” horizons was idfed on seismic sections using KINGDOM
seismic interpretation software. Along the seisiggctions the depth of each horizon was
determined at each 200 m, and their thickness aksilated related to these points. These
point-related thickness data were then interpolatsthg kriging methods in Surfer 9
software, which made possible to edit thickness snaifterwards the available space
between the pre-cenozoic surface and the pannsnidaices was determined for each model
cell using ArcGIS, and in this available space thlkove edited thicknesses were
proportionally distributed. Based on the thicknesske bottom horizons were edited, which
surely overlie each other in the right sequencedandot cut into each other.

The heterogeneity of data and all above describelthiques caused that not all borehole
data matched necessarily the given edited (intated) horizon. Verification of the
consistency between the well data and the createdelhorizons was carried out by the
JewelSuite 11 geological modelling software.

The verification process started with the importidferent types of data in the modelling
software. To import the data it was usually neagsgatransform the different file-formats
into proper form. The file-format transforming aijgptions were developed by the modelling
team.

After the import of the main data-sets, the deifomitof well-tops from borehole data was
carried out. The well-tops in the model were in caadeance with the main subsurface
horizons. The main task at this phase was to maad dorizon with the well data. In
JewelSuite, a built-in application can be usedlfics task. The well matching application was
executed on the subsurface horizon-models whictbB@ad500 m grid resolution.

The final model was verified for each horizon uskrgging with isometric exponential
function. The primary aim was to generate gridsiciwtare correlated with the wells. Since
the distance between two wells is often smallen tth@ resolution of the grid (500x500), the
well matching was inevitable imperfect. Despiteto$ the mean of the differences between a
well log data and the nearest grid point on the@ersurface model was always near zero (+/-
12 m), and the Standard Deviance was always snthfier12 m (Table 2).

Some modelled horizons using JewelSuite are showFigures 19-20.
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Table 2. The punctuality of the subsurface horinmdels after matching them with the well
database

Object Property Mean StdDev  Min Max NL_mee_r of

Name [tvss*] [m] [m] [m] grid points
Pre-Quaternary WM-residual 0.63 3.47 -174 141 121938
Pre-Upper Pannonian  WM-residual 2.59 2.06 -138 153 101069
Pre-Pannonian WM-residual 4.91 6.46 -329 148 114619
Pre-Sarmatian WM-residual 11.6 11.8 -399 349 100302
Pre-Badenian WM-residual -0.43 2.39 -143 150 123399
Pre-Neogene WM-residual 411 0.47 -20.5 26.4 55155
Pre-Cenozoic WM-residual -12.1 3.18 -463 170 157902

* true vertical sub-sea depth

Fig. 19. The SRTM model (transparent) and the Rm@Bnian subsurface horizon from the SW (10x height
exaggeration).
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SRTM and the Pre-Cenozoic horizon  Pre-Cenozoic and the Pre-Neogene horizons

Pre-Badenian horizon above the Pre-Neogene Pre-Sarmatian horizon on the top

Pre-Pannonian horizon on the top Pre-Upper Pannonian horizon on the top

Fig. 20. The SRTM model and different subsurfacezoos from the South (5x height exaggeration).

4 Geological modell of the Supra area

4.1 Summary of the geological buildup

Although the terminology slightly differs in the lplished data from the different
countries and areas, the studied area belongsyriostie ALCAPA major tectonic unit (East
Alpine-Central Western Carpathian-North Pannonidro$pheric segment: Ratschbacher et
al. 1991a,b; Csontos & Voros 2004).

The project area is bordered by the Transdanubemir&l Range unit on the east and
southeast. The northwestern boundary is contouyatidonorthwestern margin of the Vienna
Basin (Waschberg Zone), than it crosses througmdnhern Danube Basin boundary to the
southeast, and is closed along the TransdanubiatraC&kange towards the southwest. On
the west, the basement is containing Palaeo- andoidéc crystalline and sedimentary
sequences belonging to the Lower to Upper Austimoalpappe units, the Penninic unit, the
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Graz Palaeozoic unit, and the Rhenodanubic (Magur$. In the north, the basement rocks
belong to the Central Western Carpathians nappermyOn the southeast the geological
units of the basement are built by the TransdamuBRiange unit and subsequently the inner
and outer Dinaric related units. From the strudtp@int of view, the framework shows
characteristically nappes, thrust sheets, strigesstuctures and normal fault systems. These
units show a complicated structure, and in sevarahs a number of Alpine and older
metamorphic phases can be detected; other areasraraetamorphic.

The geological buildup of the project territoryviery complex. Several subdivisions are
possible for reviewing the different structural tSniA possible method is to describe them by
ages, or by main orogenic events of the pre-Alpiigine cycle (pre-Alpine continental
crust, eo-Alpine rift, oceanic sedimentary basiosllisional nappe stacking, flysch and
flexural basins, gravitational collapse). Since pnesent project is a rather applied geological,
one we chose a combined method. According to thes firstly describe the units of the
precenozoic basement (4.1.1.), than the flexurainsawith the events of continental
extrusion (4.1.2.), and finally we introduce thdfatient syn-rift and postrift basins of
orogenic collapse (4.1.3.). In this chapter (4algeneral Alpine evolutional framework of the
units and basins is presented. The detailed foomatiescriptions of the different rock
formations can be found in chapter 4.2.

The plate tectonic frame can be delineated aswvisllorhe post-Variscan metamorphic
crustal bodies and their molasse cover sedimenits smeaded apart during the opening of
Neotethys and Meliata-Maliac Oceans (Late Triasthgn by the differently designated
Alpine Tethys oceanic basins (Piemont-Liguria, \&ard Late Jurassic) linked to the opening
of the initial Atlantic Ocean. In the Jurassic marsedimentary successions deposited partly
on these continental cores, or on the new oceaunst.cThe collisional closure and subduction
started in the early and mid-Cretaceous. As a cuesge, an orogenic wedge was born
which sustained the shortening. In front of thenfimg nappe stacks, flysch sequences
deposited in the Valais, Rhenodanubian and Magweafs in the Late Cretaceous and
Paleogene. In the Late Cretaceous times, a phageawatational collaps occurred and as a
consequence, Gosau and connected sedimentary sequidgposited on the tilted blocks of
the down-slipped nappes. During the Paleogenepurééxbasins formed on the bending
continental crust. Large scale strike slip faultghwhundreds of kilometres of lateral
displacements overprinting the nappe systems caitlgeg@resent spatial distribution of the
crustal fragments and the formation of pull-apasibs, which was accompanied by a series
of volcanic-subvolcanic intrusions. This continéntescape was also forced by the
subductional roll-back process beneath the Eagiailsian in the Neogene, when the bending
subductional slab drew onto itself the escapingthog crustal unit of ALCAPA. Due to these
extensional forces, the gravitational collapsehefterritory happened along normal down-slip
on the nappe surfaces, diagonal normal fault systmd subsequent strike slips. Due to this
synrift process, metamorphic core complexes antbriex windows were exhumed. Deep
basins originated with various heteropic sedimgntacks in the margins, on the rapidly
sinking basin floor and tilting basement highs. sTlgeneral extension stress field was
punctuated by convergent, compressional inversiemts, local block rotations from time to
time. Subduction—related andesitic volcanism tod&cg followed by basaltic volcanic
activity. In the postrift thermal subsidence phéisgtly marine than turbiditic and gradually
fluviatile sedimentary delta complexes filled upetbasins. In the Quaternary, terrestrial
alluvial clastic sedimentation took place.
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41.1 Pre-Cenozoic basement

Based on the subdivision of Schmid et al. (200&)ufe 21) we use 3 main divisions or
tectonic Megaunits:

1. Bohemian Massive, stabile Europe

2. Oceanic accretionary nappe system (mainly gcekyured),

3. Adria derived prowedge ALCAPA nappe system (riygamk coloured),

4. Adria derived retrowedge Southern Alps and Ddes (mainly brown coloured).

Within them we separate Main Units and Units aredeéad of Schmid further palinspastic
based subdivision we use the traditional unit nanfé® recent relative position of the
different units are shown on two published crosdiees (Figures 22, 23) of Schmid et al.
(2008) and PlaSienka in Froitzheim et al. (2008).
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Fig. 21. Major tectonic units of the Alps, Carpatis and Dinarides (Schmid et al. 2008).
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Fig. 22. Cross section from Eastern Alps to Transa&n Range (Schmid et al. 2008.). Location ofiseds shown on Fig. 21
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Fig. 23. Schematic cross section showing the oraltiips between Western Carpathian nappes (Plasi®49). Location of section is shown on Fig. 21
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1. Stabile Europe
1.1. Bohemian Massive mesosoic cover

2. Oceanic accretionary nappe system
2.1 Waschberg-danice zone

The Waschberg zone is a part of the Outer Carpathlgsch Belt (Moldavides). Its
northeastern continuation is the danice Unit iso&kia. Subordinately Upper Jurassic
thrusted imbricates, Senonian to Eocene marinemeeds and dominantly Oligocene deep
water sediments represent this nappe system.

2.2. Rhenodanubian — Magura flysch

We correlate and describe these two units togéBwhnabel 1992). These units build up
the Inner Carpathian Flysch Belt. Their sedimergsendeposited in the flysch oceanic basins
in front of the nappe systems in the Alpine and ¥&fesCarpathian segment and represent the
siliciclastic sedimentary complex of the northemnRinic realm. The Renodanubian flysch
accreted in the Eocene, the Magura flysch accretethe Late Oligocene times to the
accretion wedge in the Alpine and Tatric-Veporicatggic area respectively. They can be
divided into different subunits in our territorys Biele Karpaty and Ra nappes (PlaSienka in
Froitzheim et al. 2008).

2.3. Pieniny Klippen Belt

This is a tectonically strongly deformed and corsgel complex unit. It follows the
boundary between external and central Carpathianeszolt's lateral and vertical position
largely coincides with the Peri-Pieniny-Lineamentleast till 5 km in depth (Birkenmajer
1986), which is thought to separate the subductadyim of the Europen platform and the
Carpathian orogenic nappe stack as a suture zanézf{eim et al. 2008). The outcropping
formations are non-metamorphic (Triassic)Juragsaestones, cherty and marly limestones
and Cretaceous—Paleogene flysch complexes. Theyinateéd from the Vahic Ocean
(Plasienka 1995, 2003) which was the eastern aaetiion of Piemont-Liguria Ocean, and is
completely subducted from Senonian times.

2.4. Penninicum or Kszeg—Rechnitz window

These basicly oceanic crust and covering metasediinae exposed now in a tectonic
window. It is the deepest positioned tectonic uthie Austroalpine nappes are overthrusted on
it. It contains greenshist facies alpine metamarpbcks, called the Rechnitz Series. Similar
"Bundenschiefer" and greenschist sequences aresedpo the Tauern Window. The Unit is
strongly folded, consists of several internal nappRatschbacher et al. 1990; Dudko &
Younes 1990; Neubauer et al. 1992). The protolitesJurassic oceanic crust formations and
pelagic sediments which were rich in marly peli@sinkl & Koller 2001). It was exhumed
during the Middle Miocene crustal extension (TarBé&lly 1990, Dunkl & Demény 1997).

3. Adria derived prowedge ALCAPA nappe system

The ALCAPA term is used as defined by Csontos & 0662004). These are the
traditional basement units. They overthrusted adoh other predominantly in nappes of
southeastern vergency during the early and midaCeetus collisional processes.

In the sense of Schmid et al.(2008) the whole ALBARppe system can be grouped into
an Adria derived far travelled nappe system, whicmprises the Austroalpine nappes,
Tatricum, Veporicum and the Transdanubian range, Adthough the Supra area represents
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only smaller part of the whole Alpine orogene systeve follow the division of Schmid, but
we divide the basement Superunits into more ti@akdi Units, as follows.

3.1. Austroalpine and Western Carpathian nappes

These elements are often referred as being defiiwedAdria (or “Apulia” in the sense of
Schmid et al. 2004) amalgamated in the variscagemy or even earlier. In the Alps this
implies that their initial paleogeographical pasitiwas to the south of the Alpine Tethys
(Piemont-Liguria Ocean). Nowadays, these elemapsesent far-travelled thin crustal slices
found above the Penninic (or Vahic in case of thestN\Carpathians) suture zone. There are
units of crystalline rocks and of paleozoic-mezozmver on them. In general, the crystalline
sequences are polimethamorphic of medium grade iboigh facies. They were
metamorhised during the variscan orogeny and #fesr suffered an alpine overprint.

Lower Austroalpine Unit

The Lower Austroalpine units are defined as pathefAustroalpine units, which formed
in the northern margin of Apulia, towards the Pi@tbigurian ocean. When the Penninic
Ocean closed this nappes were involved in subducktated deformation and greenshist
facies metamorphism (Froitzheim et al. 2008). Thestalline islands of the Sopron Mts. are
clearly the continuation of the Semmering-Wechgsteam (Wechsel and Grobgneiss
complex) to the southwest and are belonging td_thveer Austroalpine nappe complex. The
Leitha Mts. form the northeasternmost spur of tleat@l Alpine chain and are lithologically
quite similar to the Lower Austroalpine unit of t&®@mmering-Wechsel area. The Central
Alpine crystalline basement outcrops at the surtase in the Sopron Mts. in the southern
continuation of the Rust Range.

Tatricum Unit

It shows similarities to the Lower Austroalpine tyrand is regarded to be a Carpathian
continuation of the Central Alpine units in Slovekritory. In the Supra area three “core
mountains” (Malé Karpaty Pova ky Inovec, Triheare represented on the surface and in the
basement of Tertiary basins. In the Malé Karpatg.Mhe Tatric unit system is represented
by high grade crystalline rocks and cover sequerfcate Permian to Cretaceous). The
Hainburg hills consists of a core of granodioritel @re regarded to be a part of the Tatricum
of Carpthian Malé Karpaty Mts.

Fatricum, Kri na nappe

In the basement of the Supra area it is a tectlyicipped thin nappe of detached
sedimentary cover and basement rocks, which ovéniayratricum. It is present in the areas
of Tribec, Pova sky Inovec and Malé Karpaty Mtsdas known in the pre-Tertiary basement
of the Vienna basin. Two types of subunits candmegnised. The first type is represented by
basement crystalline rocks and pre-Alpine Permiamvedr Triassic cover duplexes (e.g.
PlaSienka 2003), the second type is representetbtaghed Middle Triassic—Mid-Cretaceous
sedimentary rocks (Kri na, Andrusov 1968), whicle averthrusted on the Tatricum.

Hronicum, Cho nappe

The Krina nappe is tectonically overlain by theddic nappes, which outcrop in the
northern part of Malé Karpaty Mountains. Some Upjestroalpine nappes (upper Bajuvaric,
Tirolic units) have similarities to the HronicumléBienka in Froitzheim et al. 2008). It is a
detached nappe system and has no connections @aagisal basement. It consists of non-
metamorphosed eo-Alpine sedimentary series, degbsib the northern passive margin of
the Meliata-Maliac Ocean (Schmid et al. 2008) amdverlain by sediments of the post-
tectonic Gosau formation system.
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Veporicum Unit

It is @ methamorphic core complex, which is oversited onto the Tatricum, Fatricum and
Hronicum units, and emerged from deeper crustaitiposin the Eoalpian times (Tomek
1993, PlaSienka in Froitzheim et al. 2008). It es@nts the basement of the northern margin
of Meliata-Maliac Ocean (Schmid et al. 2008). Ire tBupra area it occurs only in the
basement between the Mojmirovce fault and the Huba-Diosjen Fault.

Upper Austroalpine Unit

They represent a complex nappe stack formed byEttepine tectonomethamorphic
events. During the Tertiary Alpine events the nagipek stayed in an upper plate position. In
Hungary a unic nappe complex is considered to partof this stack and named a little bit
confusingly as Upper Austroalpine nappe (Raba Metahic Complex, Fuloép 1990). In
Austria and Slovenia it consists of a series ofpeap Drauzug-Gurktal, Otztal-Bundschubh,
Bajuvaric, Tirolic, Juvavic, Greywacke, Koralpe-V¥éPohorje, Silvretta-Seckau nappe
systems (Froitzheim et al. 2008). It comprisesféfiewing units.

Koralpe-Woltz—Pohorje Unit

This basement crystalline series of different metgrhic grade (Froitzheim et al. 2008,
Lelkes-Felvari et al. 2002.) lacks Permo-Mesozaiwer sediments. It crops out in the
Koralpe and Pohorje Mts. The southern part of timi$ contains eclogites of Cretaceous age.
The metasedimentary formations show Permo-Triaasiphibolite-, possibly Cretaceous
eclogite- and subsequent amphibolite-facies owvetqriThis unit has a Cenozoic tectonic
contact to the NE with the Transdanubian Range ueir the Hungarian border it forms a
tectonic window. The formations of this unit shown#arities to the Lower an Upper
Austroalpine system. The greenshist grade metanwfpimations can be correlated with the
Upper Austroalpine, the eclogite- and amphibolaeiés metamorphic formations with the
Lower Austroalpine nappes (Fodor et al. 2011). Tdrenations of this unit are affected by
milonitisation.

Graz paleozoic and Raba Complex

The Graz paleozoic is an exposed basement unteofUpper Austroalpine system. It
crops out north and west of Graz and then sinksvwbéhe Neogene sediments of the Styrian
basin. It forms a complex pile of nappes with dife lithostratigraphic and metamorphic
styles (Be ka & Narkiewicz 2008). Three major nappgan be recognised (Kreutzer et al.
2000). All nappes contain thick Devonian sequengbikh evolves from the Silurian and
more condensed Carboniferous layers of two fadiesgs (McCann et al. 2008).

The Raba Complex is known from boreholes benea¢h DRnube basin, mainly in
Hungary, partly in Slovakia. Near Szentgotthéand itonnected to the Graz Paleozoic, but the
style of contact is unclear. It consists of varionstasediment and metavolcanite formations
of Variscan and weak Alpine metamorphism (Arkailet1987).

Ikervar Unit

This is a small nappe fragment in the basemertt@Dianube basin, which is known only
from a few borehols. It contains metasediments whage is supposed to be Jurassic-
Cretaceous based on tentatively determined fods#as et al. 2010).

Bajuvaric, Tirolic and Juvavic Units

The Northern Calcareous Alps are composed of tthese nappe systems from bottom to
top. All three nappes consist of Permian to Paleecediments, however in the Mezozoic
sequences there are significant differences. Therg wobilized under different Eoalpine and
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Alpine tectonic conditions.The Juvavic nappe waangported over the Tirolic nappe.
However, the Tirolic nappe underwent lowermost gsbést metamorphism, while the
Northern Calcareous Alps remaind in the diagengisése (Kralik et al 1987). They occur in
the basement of the Vienna basin and on the suirfietbe Northern Calcareous Alps.

Greywacke zone Unit

It is part of the Upper Austroalpine units and utfide the Tirolic nappe system,
representing a complex nappe system itself. Iltssek of four different nappes (Neubauer et
al. 1994). They incorporate hercynian crystallinetamorphic rocks of greenshist and
amphibolite facies (downward increasing metamorpbrade in the different nappes)
Paleozoic metasediments, Permian clastic sedinagutpossibly Jurassic metavolcanics.

Transdanubian Range Unit

This thick, Paleozoic-Mezozoic mainly sedimentagguence represents the Southern
margin of Meliata-Maliac Ocean (Schmid et al. 2008 northwestern border is a Neogene
strike slip and normal fault system, which is pagtlCretaceous nappe sheet (Tari 1994, Haas
et al. 2010). It is the highest positioned Austpoa nappe. Its southern border is the
Periadriatic-Balaton line system, acting as a stskp zone in the Paleogene (Kazmér &
Kovacs 1985, Balla 1988). Its recent position eedlvby complex Paleogene extrusion and
Neogene extensional collapse due to subductionterkleoll-back extension forces and
rotations. In the Supra area, the Periadriatict®aldine can be correlated in Slovenia with
the Ljutomer belt consisting of Triassic formatioits the SW-ern part of the unit, there are
metamorphites under the Paleozoic-Mezozoic systgreenshist facies Kobansko and
Koralpe-Wdlz nappe system which crops out in Pa@horj

Gosau in the Transdanubian Range Unit

Regional uplift led to subaerial exposure and gjrerosion especially on the limbs of the
mega-synform. As a consequence of denudation ofydlwager Mesozoic rock sequences,
Upper Triassic platform carbonates were exposedkanstified. By the Santonian a large
sedimentary basin came into being in the westela sf the synform. In the northern part of
the depressions fluviatile and lacustrine sedimevese deposited. Coevally, in some sub-
basins on the southeast lakes and freshwater swaame into being. As a result of the
ongoing transgression brackish-water and subselguaairine basins evolved, while on the
elevated ridges were colonized by rudist reefs.s&hplatforms drowned in the middle
Campanian. and a pelagic basin came into being.

4. Adria derived retrowedge Southern Alps an Dinariles
Mid-Hungarian Unit

This unit is located at the southernmost bordghefSupra area. It's tectonical position is
between the Periadriatic-Balaton line and the Mightfarian Line (Zagreb—Zemplén Line).
This Southern Alps related unit has a very competdup and represents strongly sheared
and deformed strike slip duplexes of various oridinis is mirrored in the various synonyms
used for this unit [Mid-Hungarian unit (Haas et 2010), Zagorje—Mid-Transdanubian unit
(Pami and Tomljenovi 1998), Sava Composite unit (Haas et al. 2000)¢ féhation to the
Southern Alps is derived from correlation to CarAips, Southern Karavanks, Sava folds.
This tectonic mega-melange is thought to be a janctomplex of the Southern Alps,
Dinarids and Tisza unit which incorporates Cretasemappes, Paleogene strike slips,
Neogene transpression and tension structures.
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The project area contains the South Karavanks sybwhich consists of Permian to
Triassic siliciclastics, ramp facies, marine anatfoirm carbonates.

4.1.2  Paleogene basins

As a consequence of the compressional stress+islating from the Late Cretaceous—
Paleocene Alpine collision, three major basins iffeent tectonic structure and evolution
history were formed in the TransEnergy project aheang the Paleogene (Figure 24). In the
Alpine and Western Carpathian regions, in the &orélof the nappe fronts behind the Alpine-
Carpathian subduction zone, the sedimentation mo&di in a deep foreland basin (Alpine-
Carpathian Flysch Belt), which was formed during #hipine tectogenetic cycle and was
filled with several 1000 m thick detrital sedimendsiring the Paleocene. Simultaneously, a
WSW-ENE striking series of narrow basins of greapti (Gosau Basins — Austria and
Western Central Carpathian Palaeogene Basin — I8&)vdeveloped due to the dynamic,
rapid uplift in the inner part of the Eastern Alpsthe foreland of the Late Cretaceous nappe
fronts. Inverse faults and folds with large ampl#udeveloped in the southern margin of the
Austroalpine nappe system with a vergency oppdsitihat of the nappes belonging to the
subduction front which formed a flexural basin (Tetral. 1993) between the Northern and
the Southern Alps (Hungarian and Slovenian Paleddasin). This basin is situated in the
southern backarc of the Alpine-Carpathian systaated from the northern foreland.

The correlated geological formations of the différBaleogene basins for the Supra area
are shown on Figure 25.

Fig. 24. Paleogene basins in the Carpathian Bagimd the Alpine-Carpathian subduction zone. Yellme:
boundary of the TransEnergy area (after Kazmét. 2083)
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The Flysch basins (RLER et al. 2004)

The deposits of the Paleogene flysch zone occtiarEastern Alps, the Western Outer
Alps, in the Vienna Basin and partly in Slovakiatire studied area. The formation of the
detrital deposits of the Late Cretaceous flyschezionthe frontal part of the Penninic nappe
system continued in the Early and Middle Paleog@taeocene, Eocene). The only place
where the sedimentation lasted with short pausdg the Ottnangian is the Austrian
Washberg Zone (Washbergzone = PcMo_W). The sedatiemt of the flysch zone is
characterized by deep water marine, cyclic turbglithythmic coarse sand, conglomerate and
sand, as well as fine grained aleurite with maténcalations (flysch deposits), deep water
fans and channel deposits containing conglomeadeb and shallow marine olistoliths. The
rock formations of the different facies areas cdfeldconsiderably along the narrow, long
chain of basins and its margins.

The flysch formations are named differently in ttidéferent facies areas and in the
different nappe units in the professional literataf Austria (Laab Fm = Pg_L, Sievering Fm
in Kahlenberg Nappe = Pg_K, Greifenstein Sandsteme = Pg_G, in Gdstling slice =
Pg_GfG, in Zisterdorf slice = Pg_GfZ, Raca NappeAustria and Slovakia = Pg_R). In
Slovakia the Paleogene flysch formations of the t&tesOuter Carpathians are represented
by the Svodnica (PcE1_W), Priepasné (PcE2ml) ahtbdka (E2-3ml) Formations from the
Paleocene, and by the Lubina Formation (E2-3minftbe Lutetian, which contains slope
conglomerates as well as coral-algae bearing lonestlistoliths.

The Gosau Basins (RVLISHINA et al. 2004, BzAK , 2008)

In the TransEnergy area the deposits of the GosaminB appear in the inner Paleogene
basins of the Calcareous Alps and around the Vi&asn in Austria, in the basement of the
Paleogene formations in Slovenia and in the ins@uthern part of the Western Carpathians
in Slovakia.

In Austria and Slovenia proximal and distal coadsdrital slope fan deposits, channel
conglomerate bodies and shelf olistoliths are bedded in the deep water clay marl and
sandy clay marl flysch sequence of the Gosau Bagihgshe same time, shallow marine
limestone, coral reef and fore-reef sediments @ @resent in the succession (Obere Gosau
Subgroupe: Giesshubl Fm, Kambuhel Fm = KPg_G).

In Slovakia calcarenite, conglomerate and brect&helf and shelf margin environments,
as well as reef deposits (Hricovske Podharie FmcEBls) are typical of the Early and
Middle Paleocene sedimentation of the Gosau Bdsirthe shallow marine environments
coral and algae reef-bearing limestone and limestoith marl intercalations (Dedkov Fm =
Pc-E3ls), in the coastal, land environments dolerbieccia, well stratified carbonate breccia,
conglomerate, dolomitic, organic-rich sandstone aashdy limestone, then Operculina
limestone (Jablonové Fm = Pc-E3Is) were formednduthe Late Paleocene—Early Eocene.
In the Gosau-type succession deep water flyschdddiments (Domaniza Fm = Pc-E3Is)
were deposited in the Middle Lutetian.

In the terrestrial facies of the Gosau-type seqgegimt Slovakia, bauxite was formed from
the Cretaceous possibly up to the Paleocene, whilee shallow marine environments coral
reefs developed (Cretaceous terrestrial sedimarfiavakia, Brezova Group, Kambihel Fm
= KPg_G), which is of the same age as the baus@iiments in the Hungarian and Slovenian
Paleogene Basin.
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The Inner Carpathian Paleogene Basin (@LoG 1996, GraLoG & Bubpal 2004,
CIMERMAN F et al. 2006)

The Slovenian and Hungarian Paleogene Basin, whahuniform during the Paleogene,
was sheared along the Periadriatic Lineament duhegrift phase of the Pannonian Basin,
which was characterized by large-scale strike-slipeeared, tectonically isolated basin
fragments (e.g. Zala Basin and smaller basins atbeagVid-Hungarian Lineament) can be
found in the strike-slip zone. The deposits andabaution history of the two basins show a
uniform picture.

The sedimentation in the Paleogene Basin startéieatery end of the Early Eocene—at
the very beginning of the Middle Eocene. The PaeecEarly Eocene red clayey, bauxitic
formations (Gant Bauxite Fm = Ebx) overlie Gosapetgleposits in Slovenia, and the blocky,
sometimes karstic eroded surface of the Mesozokduingary. At the beginning paralic coal-
bearing layers and sandy, clayey lagoon sedim&usof) Fm, Darvasté Fm, Obid Mb = Ebc)
deposited in the coastal, shallow marine envirorimef the NNW-ward deepening basin.
Due to the Lutetian transgression, the coal-beastraga are covered with shallow, then deep
water sandy clay marl and clay marl layers (Csefiye Csolnok Fm = PcE2ml) in the basin
areas, with heteropic shallow marine milioline, maualitic-discocyclina limestone and
limestone with marl intercalations (SzLimestone = E2Is) on the carbonate ramp. At the
same time, in the deeper marine environments ghaticcclay marl deposited, in which
siliciclastic layers of a SW prograding delta (RegdMarl Fm, Tokod Fm = E2-3ml) were
deposited at the end of the Bartonian. A similaviremmental distribution takes place in
Slovenia, where the alveolina-nummulitic ramp cadtes (Alveolina, Nummulites limestone
= E2Is) characterize the whole Lutetian—Middle Baian period, then with an erosional gap
deep water Priabonian flysch-type marl, clay msandy clay marl layers (Socka Beds or
Dobrna Fm = E2-3ml) followed. In the SW part of thaleogene Basin, andesite lava and
pyroclastic layers are interbedded in the clay r{azentmihaly Andesite Fm = E2-3a). At the
margin of the rapidly sinking basin, foraminiferagd algae-bearing carbonate deposition
(Szépvolgy Fm = Esls) started again at the very ehdhe Bartonian—beginning of the
Priabonian, the olistostromes of which appear aisihe deep basin sediments. The Eocene
succession of the Hungarian Paleogene Basin wdse@ity the Early Oligocene denudation.

Following the Early Oligocene uplift and erosiommdriod in the Hungarian Paleogene
Basin, the geometry of the basin turned over aedddep marine facies were situated in the
SE, while the land and shallow marine environmenisted in the NW during the Oligocene.
During the Early Oligocene, erosion took place he W-ern part of the basin, and gravel,
conglomerate and sandstone layers were accumubgtémhgshore currents (Harshegy Fm,
Ciz Fm - BIh Mb, Skalnik Mb = Olc) in the E-ern paf the studied area, interfingering with
clayey sediments that were deposited in open maaimexic isolated basins (Kiscell Clay Fm,
Hrabnik Fm = OImf) to the ESE. In the Late Oligoeefiuvial (Csatka Gravel Fm = OIf)
deposits were formed in the NW, while in the SEstalacoarse detrital, as well as lagoonal,
brackish and transitional clayey, sandy strata §M&m, Torokbalint Fm; Lucenec Fm —
Kovacov Sand = Olb) were deposited.

The first major difference between the two maintaioif the Inner Carpathian Paleogene
Basin appeared during the Oligocene. The Early dokge formations of the Slovenian
Paleogene Basin are represented by andesite utfffe tand marl layers in isolated tectonic
units. The siliciclastic sedimentation started va#mdy marl, sandstone sequences (Pletovarje
Fm = OIf) at the beginning of the Late Oligoceneal aontinued with quartz sandstone,
glauconitic sandstone and conglomerate layers (&6we = Olb) up to the Early Miocene.
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Fig. 25. Correlated geological formations of thiedlent Paleogene basins for the Supra area
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4.1.3 Neogene basins

In the followings, the synrift and postrift neogdmesins will be described. The correlated
geological formations of the different Neogene bador the Supra area are shown on Figure
26.

4.1.3.1 Early and Middle Miocene
Vienna Basin

The basement of the Neogene-aged pull-apart VieBasin is formed of Alpine—
Carpathian nappes, and is filled with a more tha®05m-thick Neogene succession.

During the Early Miocene, marine sedimentation vesdricted to the north, and extended
to the south only in the Middle and Late Miocene.

The initial phase of Miocene sedimentation is imreection with the Eggenburgian
transgression and the tectonic opening of deporemtethe northern part of the Vienna
Basin. Deposition started with fluvial sedimentseihwere followed by the onset of a marine
succession (conglomerates, sands). Laterally, tisvdre south and the east these pass into
marine deposits (Luzice Formation/Lusitzer Serie).

As a result of an extensional tectonic regime hm ¢ourse of the Karpatian, a pull-apart
basin began to open. Due to rapid subsidence amtbgel rise, off-shore pelitic sediments
were deposited (Laksary Formation, Zavod Formatibuie to the existence of a topographic
barrier in the central Vienna Basin (i.e. the Symarg Ridge), sedimentation of the southern
part of the basin was quite different: terrestaiadl brackish-littoral facies can be found. In the
Korneuburg (Sub)-Basin marly silts and fine to nuedigrained sands (Korneuburg
Formation) deposited during the Karpatian.

In the area of the Eisenstadt—Sopron (Sub-)Bagirottiest Miocene deposits are Lower
Miocene fluvial-lacustrine sediments which are dgieady related to the fluvial system of the
southern Vienna Basin (Rasser, Harzhauser coof@B)2@ttnangian coal-bearing beds can
be found in the vicinity of Sopron (Brennberg Fotima) overlain by Ottnangian—Karpatian—
lower Badenian, mostly fluvial deposits (Ligetei@ravel = Auwaldschotter).

The Karpatian—Badenian boundary is characterisedh bggressive event, which was
followed by a renewed transgression. During thimeti predominantly off-shore pelites
deposited (Lan hot Formation). Locally corallinaodanestones were formed.

The major sea-level fall during the early Bademaemifested in the formation of deltaic,
fluvial and lagoonal sediments and littoral sanad sandy clays which are overlain by neritic
off-shore calcareous clays (Jakubov Formation).

The upper Badenian marine succession of basinasfaommprise marls and sandy silts
with marine fauna (Studienka Formation). It ovexlibe older Badenian marine succession.
In marginal facies sands and conglomerates, breccalcareous clays and organodetritic
limestones can be found (Leithakalk).

The Badenian—Sarmatian boundary is characteriseal togjor sea-level fall resulting in
erosion along the margins. The renewed transgregsithe early Sarmatian is represented by
silts, calcareous clays and acidic tuffs (Hdtormation, Skalica Formation). The basin facies
is developed in brackish-marine environment.
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Kisalfold—Danube Basin

The Miocene sedimentation commenced during the lgggian transgression, when the
sea invaded the northern margin of the Western aflaigns and penetrated into the
northwestern part of the basin, being connectetl thié northern Vienna Basin. During this
time littoral gravel and sand were predominant;segjoently these were covered by offshore
sandy clay (Rasser, Harzhauser coord. 2008).

During the Ottnangian and Karpatian, terrestriahifil—limnic successions were formed
along the western margin of the Danube Basin. @Qgiaa and Karpatian marine successions
are known in the northern part of the basin (Ddbwda and Blatnd depressions)

In the Kisalfold area continental—fluvial sedimdita took place at the beginning of the
Early Miocene (Eggenburgian—Karpatian: SomlévadgrhEormation). Fluvial-limnic
successions made up of pebble, sand, marl, vaei@gddy, locally with thin coal seams can
be traced in boreholes drilled in the Kisalfdld.sigard to the western foot of the Gerecse
Mts. rhyolite tuff interbeddings (Gyulakeszi RhyeliTuff) are known in this succession.

The subsidence of the Danube Basin started atritiefthe Early and the beginning of
Middle Miocene. The main part of the syn-rift phasted during the Middle Miocene and the
post-rift, or thermal phase during Late Miocene Btidcene.

The depocenter of the Kisalfold was invaded bysde from the SW; transgression led to
accumulation of off-shore, deep-marine siliciclastediments (sandy silt, silt, silty clay marl)
in the Celldomdlk—Vaszar-Tét-Vinar depression (TekeFormation — Karpatian/lower
Badenian).

In the early Badenian, transgression (corresponttirthe Bur5/Lanl sequence boundary
of Hardenbol et al. (1998) came from the S—-SW k& ‘fTrans-Dinaride Trench Corridor”
within an almost unchanged palaeogeographic framewmwever, in a larger area. Due to
early Badenian tectonic movements two main sediangritasins existed in the area of the
Kisalfold: the Csapod Trough in its western partfgrmed due to early Badenian tectonic
movements), and the GyBasin in the East. These two marine depressiare wivided by
the Mihalyi Ridge. The lower part of the lower Badm is missing all over the area due to
early Badenian tectonic movements and erosion. lBadesuccessions start with the upper
part of the lower Badenian with abrasional basa&cbtia and conglomerate, locally with
calcareous matrix (Pusztamiske Formation). In nmalgishallow marine facies it is overlain
by corallinacean limestone (“Leithakalk”, Lajta Rwation). Nearshore facies are
characterized by grey, greenish-grey sand-sands(Boeztamiske Formation). Offshore
deep-basin (shallow bathyal) facies are represdmyéhe siliciclastic sediments: sandy silt,
silty clay marl with sandstone intercalations (TrelseFormation), and sandy-silty claymarl,
which, in spite of being an “atypical Baden Clajér(merly known as “Tortonian Schlier”),
has been classified into the Baden Formation. rers¢ borehole sections thick siliciclastic
successions can be observed, which, based onatigedphic investigations, can be divided
into lower and upper Badenian (the deposition gbawpBadenian siliciclastic sediments
(Szilagy Clay Marl Formation) is due to the renewiabding in the late Badenian).
Lithologically, the top of the lower Badenian cascdlly be marked by the appearance of
gypsum and dolomite laminae, which can presumaélgdirelated with the sea level drop at
about 14.2 Ma. In shallow marine environments dijoos of the ,Leithakalk”continued.
Tuff intercalations (Tar Dacite Tuff) can be obsahmostly in the Tekeres Schilier.

Along the eastern margin of the Danube Basin tna@ssive conglomerates, sandstones
and volcaniclastics are overlain by neritic caloae clays, siltstones and subordinately
sandstones (Bajtava Formation).
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In the northwestern part of the Danube Basin catwas clays and siltstones can be found
(Middle Badenian — Spance Formation). The deposition of delta-front saufadunice
Formation) in the Blatné sub-basin is due to skafig in the late Middle Badenian and in the
late Badenian in this area.

The upper Badenian succession comprises calcactayss siltstones and sandstones with
volcanoclastics, as well as biogenic limestones the margins (Pozba Formation)
unconformably overlying the Space Formation.

With the onset of the Sarmatian a significant cleangcurred, which was triggered by the
restriction of the open sea connections of the 1@erRaratethys. Biogenic calcareous
sediments (mollusc-bearing limestone, and oolithioestone, Cerithium limestone) of
shoreline facies (Tinnye Formation) and fine-siliastic sediments (grey, greenish-grey clay
marl, sand, silty clay marl) of shallow-marine si(Kozard Formation) were deposited. The
upper Sarmatian carbonate successions indicat@sadepably productive carbonate factory
of subtropical climate (Persian-Gulf-type ooidsjflecting hypersaline or hypercalcareous
conditions, thus the previous brackish-water hypsithis under debate.

In the northern part, the Sarmatian transgressianifested in the deposition of a brackish
shallow-water succession (Vrable Formation), whioshconformably overlies various
Badenian formations and pre-Neogene formationsha marginal part of the basin. It
comprises clay, clay marl, calcareous marl, sifisto and sand. In nearshore areas
conglomerates, sandstones, limestones can be fmoadly with lignites and tuffs.

A 600-700 m-thick rock body representing the pradefca volcanic activity from the
Badenian up to the Pannonian, and built up of Heeretion of trachyte-bearing agglomerate,
tuff and marl of unclear structure and genetics loarfound in boreholes (Pasztori Trachyte
Formation).

Styrian Basin

In the western Styrian Basin fault-controlled limufiluvial deposits developed during the
Early Miocene (Ottnangian-Karpatian), in which thitignite-bearing successions were
formed [Coal-bearing fresh-water beds (KohlefiheeB8dsswasserschichten]. Simultaneously
the eastern part of the basin was covered by tretd?ays.

During the Karpatian the Middle Styrian and Leiangwells established beside the
already existing South Burgenland Swell (Grosd.e2@07a). Due to subsidence (resulted by
tectonic activity) and transgression a several heshdnetre thick off-shore succession
(Gamlitzer Schlier) was deposited. Through the $+@athyan-Trench-Corridor the Styrian
Basin was in connection with the Mediterranean Siavenia (Rogl 1998). Marine facies
developed at the transition to the western StyrRaasin (Arnfelser Konglomerat,
Leutschacher Sand).

There are limnic-deltaic deposits and fine-clasediments which probably can also be
dated as Karpatian. Fluvial fan sediments (Sinrefdeébrmation) are predominant in the Bay
of Friedberg-Pinkafeld and they probably pass it Furstenfeld Subbasin (Goldbrunner
1988). Karpatian extensional movements were accoiegaby acidic to intermediate
volcanism until the end of the early Badenian (Handt al. 2006). The tectonic movements
at the end of the Karpatian resulted in erosionamanformities.

Terrestrial breccia, conglomerate, red clay andiddkEggenberger Breccia) dated to the
Karpatian—Badenian can be mainly found in the vigiaf Graz.
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In the early Badenian, the area had a marine cdéionecia Slovenia. In spite of a low-
grade subsidence, marine deposits have a largeextteat. Volcanic activity continued. In
the central part of the East Styrian Basin petigdimentation was predominant. In some parts
of the basin (Firstenfeld) fan-deltas developedh witck conglomerates. Corallinacean algae
patch-reefs were formed around basement highs @Negg Formation*). Carbonates
interfinger with shallow-marine siliciclastic or ase-clastic deltaic formations. In the West
Styrian Basin lagoonal deposits are predominang Jlobal sea level fall at the Badenian—
Sarmatian boundary resulted in erosion and progjadaf fluvial and deltaic systems.

During the Sarmatian, sedimentation took placeractkish (Papp 1956), or according to
other opinions (Piller, Harzhauser 2005), hypensalienvironment. Fault-controlled
subsidence increased; marls were deposited in &eges, whereas in the coastal areas and on
the topographic highs bryozoan-serpulid biostrofoesed (Grafenberg Formation*). At the
top of the Lower Sarmatian erosion took place (@hischer Schotter*). The Upper
Sarmatian is characterised by oscillating sea lesils, sands, ooliths, marly limestones
(Gleisdorf Formation*) were deposited in shallowighienergetic environment under
normal/hypersaline conditions (Gross et al. 2007b)

Units marked with an asterisk (*) are not includéd the legend and in the
lithostratigraphic chart.

Zala Basin
Lower Miocene

In the western foreland of the Transdanubian Rahgé_ower Miocene is represented by
the coarse-grained fluvial, and fine-grained lacnst (locally paludal) sediments of the
Somlovasarhely Formation of Eggenburgian-Ottnangeard Karpatian age; it can be
distinguished from older continental successiohs (Pligocene Csatka Formation) only with
difficulties, and its areal delineation is also lgematic. Its maximum thickness is less than
200 m.

The Lower Miocene continental deposits of the westeart of the Zala area (Ligeterd
Formation/Auwaldschotter) pass up to the Karpatidreir material is derived from rocks of
the Eastern Alps; debris were transported intowestern Hungarian sedimentary basins by
rivers. The formation overlies the Mesozoic basamienthe Szombathely—IlI borehole there
is a tectonic contact between the Ligetefdbrmation and the Mesozoic basement. It is
overlain by the Badenian formations. In the studgaathe thickness of the Ligeterd
Formation is of some tens of metres. The age offtheation was formerly infered as
Ottnangian and Karpatian, but based on data frostriu(Pascher 1991), its age should be
revised to the Early Badenian.

Some boreholes penetrated volcanics, such as tlmselleAndesite Formation and the
Gyulakeszi Rhyolite Tuff (‘lower rhyolite tuff’). fie latter occurs in connection with the
Lower Miocene continental successions.

The thickness of the Karpatian—Lower Badenian sgioes is uncertain, since most of
the boreholes have not transected it. The maxintickriess in the rség—Lovaszi deep zone
(L-11) is 2000 m. Sedimentation took place in theség-Lovaszi-Budafa-Oltarc area, which
was an inlet with marine connections towards the W.

The denudation terrain was predominantly made uMe$ozoic carbonates and pelitic
sediments (in the western part of theség, moreover of Palaeozoic rocks along the Balato
Line); disintegration of these rocks took placehivitrelatively short distances. This may be

67



the reason why not far from the one-time shorelim€lusively pelitic sediments can be
found. The sedimentary basin did not occupy a laagea, the thick pelitic sedimentary
succession does not refer to a deep basin, ndidates that sedimentation kept pace with the
sinking of the basin floor.

The Karpatian coarse-grained facies (Budafa Foongatis predominant only along a
narrow strip at the marginal zone; the internak parthe sedimentary basin is predominated
by thick pelitic successions (Tekeres Schlier).i®edtation of the eroded material derived
from the margins kept pace with the rapid sinkitiggrefore sedimentation took place in a
shallow-marine environment all the time. Faciesrabteristics were determined by the
restriction of the sub-basins from the sea, theadse of salinity due to the rivers carrying
freshwater into the depressions, and the degrsebsidence and filling up.

Due to the same lithologic characteristics, Kampatisediments can hardly be
distinguished from Badenian ones. Karpatian rockes gredominated by brackish-water
fauna, showing a gradual transition into the Baaenin which it is still not diverse. A
significant change happened within the Badeniath Whie appearance of a rich marine fauna;
simultaneously, this horizon represents the bouyndiathe sedimentary cycle.

Middle Miocene

Tectonic movements led to regression at the enldeoKarpatian and, in the basinal areas,
in the lower Badenian. This resulted in the forimatof coal-bearing marsh facies and clastic
deposits. The regression was terminated by a newpEssion phase.

This process was followed by a remarkably intemaasgression in the rség-Lovaszi-
Budafa-Oltarc area. The entire area of South Tramsdia may have been a shallow
archipelago.

In the rség-Lovaszi-Budafa-Oltarc area there is a tramsifrom the Karpatian into
Badenian succession. Eastward, in the area lotetseeen the Raba Line and the Salomvar-
Hott6-Nagytilaj line, Badenian sediments overlie #roded surface of the Mesozoic rocks
with a considerable hiatus. Badenian sedimentslievdre eroded surface of Palaeozoic,
Mesozoic and Eocene formations unconformably inatea between the Salomvar-Hotto-
Nagytilaj Line and the Balaton line. S of the BalatLine, Badenian sediments are found
above Karpatian, in smaller areas above MesozoataeBzoic formations and Early
Palaeozoic metamorphites.

Since Badenian transgression invaded the areatfieriV—SW, the northeastern uplifted
part of the region and the higher parts of the eangithin the basin were not affected by it.

In the early Badenian the nearshore areas (eslyacidhe forelands of the Transdanubian
Range) were characterised by a marine coarseeldsti sand—sandstone succession
(Pusztamiske Formation) reaching a thickness okrtttan 100 m. There is a lateral transition
from this unit into the biogenic (corallinacean adgforaminifer—mollusc-bearing) limestone
(Lajta Formation — “lower Leithakalk”), which disadantly overlies older rocks or
interfingers with the fine-siliciclastic sediments.

In restricted or semi-restricted bays, inlets, dwedring successions were formed during
the Badenian (Hidas Formation). Their thicknessaeal extent is small.

In the area of the Transdanubian Range, locallyorked red clay, kaolinic clay and
bauxitic clay occur; their deposition ranges frohe tKarpatian up to the Pannonian
(Cserszegtomaj—Vo6rosto-si Formations).
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In the northwestern basinal arear¢ég-Lovaszi-Budafa-Oltarc) sedimentation was
continuous. The dark-grey and brownish-grey mants$ silty marls (Szilagy—Baden—Tekeres
Formations) differ from older ones only due to th# interbeddings (tuff strips — Tar Dacite
Tuff, Tekeres—Tar Formations together), and in dppearance of the abundant Badenian
faunal elements. During the Badenian this parhefliasin remained a rapidly sinking inlet in
which sedimentation kept pace with subsidence.rBedtiation was predominated by pelitic
deposits.

At the end of the Badenian a barrier formed againch isolated the area from the open
sea, and an epicontinental sea of decreasingtyadviolved by the Sarmatian. This regressive
process is indicated by the increasing number midsane beds.

Sarmatian basically has a regressive charactemumito the different movements of the
basin floor, locally it shows transgressive feasurtt is characterized by brackish-water
formations.

In the northwestern part of the basin and in th@amht eastern margin, there is a
continuous transition from the Badenian, and, caegbdo the latter, it shows regressive
characteristics. In the centre of the basin iredpminated by sandy beds. At this time, due to
the former uplifting (i.e. upwarping of the Budakmvaszi area), the deepest part of the basin
was located in the Szentgyorgyvolgy, Kerkaskapolndszentpéter, Kotormany region,
where coarse-grained sandstone was formed, lowélysmall-sized pebbles. These features
do not indicate the proximity of the shore, butiseht transport from the margins, and
gravitational re-deposition on the slopes. This enat accumulated in the deepest parts.
Southwards, clastic sediments become finer; inLtheszi and Budafa area pelites and silts
are predominant (Kozard Formation).

In the marginal areas, the thicknesses of the Sammbeds decrease and become more
marly, and characterized by a pinching out agdimstBadenian tectonic highs. In the basin
and in the marginal areas, the Sarmatian is corgblynoverlain by the lower Pannonian.
Coarse-clastic, biogenic limestone facies of then@#ian (Tinnye Formation) can be found in
areas, which were in the highest position during Badenian, and were affected by
transgression only at the end of the Badenian.

By the end of the Badenian connection towards gensea became narrower and salinity
of the sea decreased. Connections towards the &fediean ceased; brackish-water
sediments were deposited. The thickness of the &@@mranges between 100 m and 200 m
in the basin, whereas on the elevated highs tihékriess does not exceed some tens of
metres.

Sarmatian terrestrial—fluvial (delta) deposits (@fiwatot Formation) in the Zala Basin
are subordinate. These sediments interfinger viméhnbarine brackish-water formations, and
are locally characterised by tuff interbeddings|f@eatlgy Rhyolite Tuff).

Mura-Drava Basin

A granodiorite (transition to dacite) rock body oihcertain Early Miocene age
(Peripannonian Pluton Formation (Trajanova et28lQ8, Fodor et al., 2008)) can be traced in
the Slovenian area. The sedimentary infill of tlkere complex” stage lasted from the Late
Ottnangian to the Karpatian as a part of the Bigtrift phase (Jelen & Rifelj 2005c). The
initial infill onto the Pre-Cenozoic basement wagdo significant subsidence of the area
mostly along ENE trending fault systems: the Ddratstensional fault system and the Raba
Extensional corridor (Jelen & Rifelj 2003, 200408@, b) are represented by the sediments of
the Haloze Formation ranging from the KarpatianLtawver Badenian. In the Karpatian,
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sandstone, conglomerate, muddy breccia and congide@yster banks represent the lowest
part of the Haloze Formation in the Maribor subHbaSouthward, in the Haloze — Ljutomer
— Budafa sub-basin sandy and silty marl, altermatibsandy matrl, silty marl and sandstone
build up the Karpatian and Lower Badenian depasitthe Formation. Tuffs dated to the
Early Badenian age are also part of this lithogfraphic unit, as well as questionnable
assignation of conglomerate and conglomerate witlothamnian nodules. Alteration of
sandstone, sand, sandy marl and conglomerate egpréee uppermost part of the Haloze
Formation and also belong to the Lower Badeniacessgion.

Field observations indicated that the Mura—ZalaifBagas a turbiditic basin since the
beginning (in the Karpatian) until the Early Ponti{delen & Rifelj 2001, 2003). Deposits are
present in the westernmost part of the Maribor Isasin and probably in the western part of
the Haloze — Ljutomer — Budafa sub-basin. In th&red part of the Mura—Zala Basin, on the
Murska Sobota block the deposits of the Haloze Rtion are missing either due to
subsequent erosion, or partly due to absence oflépesition. Eastward, they are found in
boreholes in the East-Mura +ség sub-basin. The thickness of the deposits maghr1300
m in the Maribor sub-basin, and approximately thma thickness is reported to the east, in
the Hungarian cross sections.

During the Badenian, sedimentary infill of the widli¢ stage took place as a second part
of the first synrift phase. Tectonic uplift and siinonous eustatic sea level drop at the
Karpatian/Badenian boundary resulted in the er@ionconformity in the shallow parts, and
fans of coarse grained deposits in the deeper pftite sub-basins. In the deepest parts of the
basins a “starving basin” condition evolved. Thddan tectonic uplift and eustatic sea level
drop was followed by a very rapid subsidence ac@mgad by an Early Badenian
transgression (Jelen & Rifelj, 2001, 2004, 2005a,Hwor this reason the Lower Badenian
sedimentary rocks onlap also onto the Pre-Ter{larg-Paleogene) basement of the relatively
uplifted tectonic blocks. Deep water conditions legd over transgressive biostromes of the
algal limestones and fans. Mud rich turbidites &manipelagic mud began to fill up the
lowest parts of the basins due to intense subsédand sea level rise.

An extensional collapse provoked the postrift sudsce of the tectonic blocks including
the highest areas. The extensional collapse andlth@st synchronous onset of compression
in the Alps (Massari et al. 1986) initiated a changthe sedimentation to sand rich turbidites.
These sand rich turbidites are proximally prevailiwhile in the distal parts the change is
marked by a progradation in the Upper Badenian.

In the shallow areas of the sub-basins there is umtonformity near the
Badenian/Sarmatian boundary. Subsequently, in thepelr parts of the sub-basins the
correlative normal sequence boundary moves towardsand richer turbidite fans.

The Sarmatian is represented by heterolitic slhsiic sediments and carbonates
deposited during the transgressive system trattieoEarly Sarmatian in the shallow parts of
the Mura-Zala Basin, while turbiditic sedimentatiparsisted in the deeper parts of the sub-
basins, still as a part of the sedimentary infiltloe first post-rift phase. A weak kinematic
inversion took place during the Late SarmatiarhanMura-Zala Basin.

The Maribor sub-basin, the western part of the Radg- Vas sub-basin and the western
part of the Haloze — Ljutomer — Budafa sub-basinewi#led up by the end of Sarmatian, and
acted as a by-pass zone for the sediments sindati@nian transgression.

The described (Badenian and) Sarmatian deposgstier with the Badenian ones as a
sedimentary infill of the wide rift and the firsbst rift phase were defined as Spilje Formation
by Jelen & Rifelj (2005d).
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Fig. 26. Correlated geological formations of thiedlent Neogene basins for the Supra area
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4.1.3.2 Pannonian

The Pannonian (Late Miocene and Pliocene) geolistfr the project area is
characterized by the presence of Lake Pannon,ge,lgrobably endorheic lake (Kazmér
1990, Magyar et al. 1999, Uhrin 2011) in the PamomBasin. This water body got isolated
from Paratethys, a large open sea about 12 Ma Hge.lake reached its largest extent
between 10-9.5 Ma, than it was gradually infillgdsediments carried from the surrounding
Alps and Carpathians (Figure 27). Because the depthe lake reached several hundred
meters, a sedimentary shelf-slope system (cf. Pesaen & Allen 1999, Olariu & Steel
2009) could evolve in the basin.

Fig. 27. Steps of the infill of Lake Pannon (aftéagyar et al. 1999, Magyar 2009) Dotted area refetbe area
of the Transenergy project

In our study area, the shelf-slope system progratheefly from northwest to southeast;
the main units of the Pannonian succession repréisersteps of this progradation (Fig. 27).
However, the lake generally transgressed in thieesaPannonian time, hence the deposition
of coarse sediments took place only in a narrow &leing the shorelines at first. Fluvial
deltas were formed along the feet of mountain rarf§aldau Fm. and Hollabrunn-Mistelbach
Fm. in Austria), while chiefly abrasional congloratas were deposited along some shorelines
elsewhere (Kisbér, Zamor and Dias Fms.), especiddipg the margins of exposed basement
highs (Békés Fm.). However, the most prevalent siégpof this time were the pelagic marls
of the 'starving' basin (Endd, lvanka and Spilje Fms.)

As the largest amount of sediment was carried inéolake from northwest, the Vienna
Basin was the first major sub-basin to be infill€gen lacustrine sedimentation was replaced
by the deposition of deltaic, &ry Fm.) and later alluvial (Gbely Fm.) units bef@.5-10
Ma. Than the shelf-slope system started to progaadess the large, deep Danube Basin and
coevally, eastwards along the narrow, west-eastding Mura trough. As the slope
approached a given location, turbidites (few meweesal 10 m thick sandbodies intercalating
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with deepwater mud) started to deposit (Szolnok nHungary, Jeruzalem Mb. of Lendava
Fm. in Slovenia). On the slope itself, mainly silas deposited (Algy Fm. in Hungary,
Sodinci Mb. of Lendava Fm. in Slovenia, upper pdrtvanka Fm. in Slovakia), as coarser
sediments were carried further basinwards to besitgal as turbidites. Turbidity currents did
not reach the relatively shallow regions, espegittie margins of the lake, where it is
difficult to distinguish fine-grained deepwater asidpe deposits (therefore they are referred
together as Szak Fm. in Hungary, while such uréterigy to Ivanka Fm. in Slovakia)

Historically, the previously described part of tBaccession was considered ‘Lower
Pannonian’, while the term 'Upper Pannonian' wdsdnced for the overlying strata,
deposited in deltaic or terrestrial environmentdhdugh the time-transgressive nature of
Pannonian formation have been revealed from th@d@8ogacsas 1984, Mattick et al. 1985),
these terms are still widely used. Due to the hsuabigraphic importance of the
'‘Lower/Upper Pannonian' boundary, it is also useithé Transenergy models.

The earliest 'Upper Pannonian' strata were fornyedelta fronts built on the sedimentary
shelf (unofficial 'Mindszent Mb." of Ujfalu Fm, irlungary). In the central regions of the
basin, the prograding delta fronts deposited séui@meters wide and several 10 meters
thick sheets of sand with relatively good connettivlhat clearly explains why this unit is
traditionally referred as ‘thermal water level' Hungary. After the crossing (or several
crossings, due to lake-level fluctuations) of thedtal front at any location, a deltaic plain
(Beladice, Somlé and Tihany Fms.; unoffiicial 'St Mb.’ of Ujfalu Fm.; lower part of
Mura Fm.), and than an alluvial plain (Volkovce aftagyva Fms.; upper part of Mura Fm.)
was formed, both built up by a large amount of dplain silt and mud with isolated channel
sandbodies. In regions that were not reached Hirbgtthe major sources of sediment input,
marshlands developed, represented by significgnité seams (Torony Fm.) today.

In the Early Pliocene, features of the fluvial gyss have been probably changed. The
ancient rivers started to deposit thick beds ofgirén areas relatively close to the margins
and also in the Danube Basin, while an increasmguat of variegated clay formed in some
of the central areas. The sediments of these yournger systems belong to Ptuj-Grad,
Nagyalféld, Kolarovo, Brodské and Rohrbach Fms.

Compared to the short time-span for their depasitkannonian strata can reach very big
thickness, e. g. 4-5 km in large areas of DanulmnBdhat can be only explained by rapid
basement subsidence and very high sediment infdepikg up with it. Although the 'syn-rift’
subsidence of Pannonian Basin is thought to beacepl by 'post-rift' (thermal) phase in
earliest Pannonian (Royden et al. 1983, Horvattb)}, %ubsidence rates rather increased as a
result, of the vertically non-uniform stretching tfe litosphere (i.e. basin inversion cf.
Horvath et al. 2012). Of course, the successiorones much thinner towards basement
highs and basin margins. However, basin inverstartedd during the Pliocene in the major
part of the Pannonian Basin (Horvath 1995), andnesering the Latest Miocene in its
southwestern part. Due to the differentiated suwbgid of the sub-basins, continuous
sedimentation from ‘Lower Pannonian' to Quaternaryestricted to the central part of
Danube Basin on the Transenergy area, while tikeaded Pannonian strata are common to
be exposed along the margins.

The crustal thinning related to the formation ohRanian Basin also induced basaltic
volcanism in several parts of the area (TapolcaaBdsm., Podreany Basalt Fm.). The
basalts and their tuffs comonly interfinger thevally deposited sediments.
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4.1.4  Structural evolution of the territory

The Alps (Froitzheim et al 2008)

It could be subdivided into four main structuralteeHelvetic, Penninic, Austro-Alpine,
South-Alpine. The nappe structure of the orogenki-igergent. It means that the Helvetic,
Penninic, Austro-Alpine belts are forming a so eadlpro-wedge what is consisted of north
directed thrust and fold systems (Helvetic is tbewdst, Penninic is in the middle, Austro-
Alpine is in the highest position), and in contréing South-Alpine belt - which is situated to
the south of the Periadriatic lineament - is forgnanso called retro-wedge (according to the
generally southward subduction) what is consistesbath directed thrust and fold systems.
Another main difference is that the Helvetic, Pami Austro-Alpine units are partly
metamorphosed in the Cretaceous and Tertiary tilmésthe South-Alpine zone is almost

unmetamorphosed.
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Permian extension, origination of graben structures
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Early Triassic
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Cretaceous South-directing nappe origination and folding what
South . : ,
(?), Paleocene-,, . is postdated by Adamello intrusion
Alpine
Early Eocene
Late- - Oceanic subduction in the SE Piemont-Ligurian
Penninic
Cretaceous Ocean
Consumption of oceanic realms; continental
Tertiary collision; crustal shortening; extensional faultiagd
strike slips
47-40 Ma. Eastwarq propagating closure of the remaining parts
of the Penninic Ocean
Thrusting of Penninic and Austroalpine units oyer
47-17 Ma . :
European continental margin
35-28 Ma Syn-intrusive shear along Periadriatic zone, to@gli

granodiorite, granite intrusions

Eastern Alps E-W extension and eastward extrusion of crustal
fragments of Austroalpine; origination of tectonic
25-9 Ma windows, pull apart basins (Vienna basin), extrusio
and gravitational collapse vs roll back extension:
opening of Pannonian basin, Styrian basin

9-5.3 Ma E-W compressional event
Eastward motion in the Eastern Alps, N-S
recent . . . .
convergence and inversion in the Pannonian basin
Paleocene- Southern Thrusting
Early Eocene | Alps
Chattian- After tonalite thrusting
Tortonian

Western Carpathians(PlaSienka in Froitzheim et al 2008)

The border between the Alps and Western Carpathtsangl be positioned under the
basin fill of the Vienna basin and the Pannoniasirbalhe Western Carpathians consists of
three main units, the External, Central and InteMv&stern Carpathians. The External
Western Carpathians is represented by the Carpatigch belt in our territory. It is the
Tertiary accretionary complex of two nappe compiexe Moldavide and Magura nappe
stacks. The last is the direct continuation of Renodanubian Flysch. It is characterised by
southward subduction of the Magura flysch ocearrtfiNBenninic).

The boundary between the External and Internal ®vesCarpathians is the Pieniny
Clippen belt.

The Central Western Carpathians consist of pretdrgrtunits, discordant Cenozoic
sediments and volcanic complexes. Its main units the Tatra-Fatra belt which is the
continuation of the Austroalpine units. They areltbup of pre-Alpine basement and
Mesozoic cover systems, detached cover nappedrd Bad Hronic units.

The Vepor belt corresponds to the Middle Austraamstack of mainly basement nappes.
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The Internal Western Carpathians is thought to ¢ @f the so called Pelso Megaunit.
The Central and Internal Western Carpathians reptethe Mesozoic collisional pro- and
retro-wedge systems.

. Orogenic collapse of the Variscan orogen, extension
Late Carboniferous + . = “* ) . .
: origination of graben structures and intramontaasirs, rift
Permian - .
related volcanism and plutonism
L Thermal subsidence, rifting (Late Anisian) of thelMta
Triassic
Ocean, normal fault systems
Early — Middle Jurassic Rifting and thermal sulbsick
Late Jurassic Closure of the Meliata Ocean
Early Cretaceous Gemericum overthrusted Veporicum
Northward progradation of nappe stacking, Veporigum
Mid-Cretaceous overthrusted Tatrikum, Fatricum, Hronicum detachtreerd
overthrust
. Extensional collapse of the southern zones, Vepric
Senonian .
exhumation
Early Paleogene Shortening, sinistral transpression
, Extensional collapse of the northern zones, basin
Eocene-Oligocene :
formation
Early Miocene renewed crustal shortening
Middle Miocene Calc-alkaline volcanism
Late Miocene-Pliocene uplift of the “core mountdins

Transdanubian Range and the Pannonian basin (Eodb2011 and Fodor 2010)

This part of the project territory belongs to theld® unit sensu Haas et al 2010 with the
South Alpine thrust and strike-slip belt of the &aunit. These terranes came into
juxtaposition during the Late Cretaceous-Early &géme large-scale displacements. The
Transdanubian Range is an upper plate positionpgenaf the Upper Austroalpine nappe
stack and shows non-metamorphosed texture in thi@ateformation realms.

The Pannonian basin s.l. (including the Danubenh&asiyrian basin) is described here,
however it is formed above the previously mentioAgman and Carpathian units as well.

Early Paleozoic Marine sedimentary basins

Early-Mid Carboniferous Variscan orogeny, slighttamorphosis, folding

Deposition of molasse sediments in intramontanebas

Late Carboniferous .
supposed extensional collapse

Early Triassic Shallow marine ramp developed onTtibnyan shelf

Middle Anisian Rifting, extension, volcanic actiyit
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Early Jurassic- Earliest Rifting, extension, normal fault systems, subsigenc
Cretaceous pelagic sedimentation and submarine highs

Closure of the South-Penninic ocean, compression,
nappe position above the Koralpe-Phorje-W6lz umitsga-
syncline structure, uplift, erosion

Aptian/Albian  boundary:-
Coniacian

Gosau basin formation and sedimentation, both

Senonian : . o ;
compressional and extensional origin is possible

Palaeocene — Early Eocepne Uplift and intense erosion

Middle Oligocene-Early

. Dextral strike slip movements, strike slip duplexes
Miocene

40-50° CCW rotation, synrift extension, transtensio
Ottnangian-Sarmatian Slightly diping detachments and normal faultsgtltblocks
and ridges, connected sinistral strike slips

Late Sarmatian Dextral strike slips

Pannonian Post-rift thermal subsidence

Late Pannonian-  Compressional basin inversion, blind thrusts, fdlde
Quaternary anticlines

4.1.5 The most important structures of the territory

The most important tectonic structures of the mtogeea can be devided into two basic —
a little bit artificial but from the point of viewf the project aims relevant — groups:

the curved, ragged planar thrust planes, nappedrmiof the mainly MesozoicEarly
Paleogene orogenic crustal shortening (later th@yact as detachment planes too)

the curved, steeply diping or subvertical faultngls, predominantly post thrusting,
connecting to the basin formation

The elements of the first group can be recognizedhe geological map of the pre-
Tertiary basement (Encl. 1.14.) They generally riemaithin the basement, the dip is
subhorizontal. The average azimut plunges predarmtijnaoutheastward, in the South-Alpine
regions northwestward.

The second group touches partly the Paleogene aniynthe Neogene formations and
probably plays a more remarkable role in the hedt laydraulic conductivity, so we show
them separately on Figure 28 projected on the fdape pre-Tertiary basement. Because of
the lack of the correlatable tectonic informatidingse zones are shown as a simplified sketch
(Figure 28), separately from the horizon maps. &the different rejuvenation phases could
result different slip styles, we did not figure theon the sketch, please refer to the text as
follows. Due to similar reasons we did not cuttb# lines by each other.

Most of the fault zones have a long life slip higtand it is difficult to classify them to
single deformation phases, instead, most faultkeid reactivation and belong to several
phases with different fault kinematics. Despitelto$, we can form subgroups, based on the
time interval of the most remarkable phases of tieformation history.
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Cretaceous—Quaternary (green)

Pieniny Clippen Belt fault zone: Cretaceous thrastd nappe planes, £M deep crustal
flower structure, dextral, recent times sinisttake slip

Hurbanovo-Diésjen fault zone: probably a Cretaceous nappe boundatty,nothwestern
transport direction; late Cretaceous probably reatdd low-angle normal fault; in the latest
Cretaceous and Tertiary strike-slip; in the Mioceweth-facing normal fault; recent times
extensional, low angle fault zone

Oligocene—Quaternary (brown)

Periadriatic-Balaton fault zone: £\ dextral strike slip duplex zone with anastomgsin
fault branches and volcanic activity

Mid-Hungarian tectonic zone: ©M dextral strike slip duplex zone with anastomgsin
fault branches, probably coeval thrusts show traassponal strike slip

MMLLD (Mur-Mirz-Leitha-Lab-Dobra Voda (Lassee)) zanOk-M sinistral strike slip
duplex zone with anastomosing fault branches; Mieaarogene collapse detachment fault

SEMP (Salzach-Ennstal-Mariazell-Puchberg) zoneistsal strike slip: OF-M sinistral
strike slip duplex zone with anastomosing fauliorees

Steinberg fault: QM sinistral strike slip duplex zone with anastomngsfault branches;
Miocene orogene collapse detachment fault

Radgona-Vas: @QIM strike slip
Ptuj-Ljutomer: O4-M strike slip
Neogene (red)

Ikva-Répce-Rohonc(-Radgona-Vas): Ottnangian—Saamajravitational detachment and
normal fault, between the fault planes there diedtblocks and ridges, the exact continuation
to Radgona-Vas cannot be proved

Raba (-Radgona-Vas, -Bajan): Ottnangian—Sarmatieavitgtional detachment and
normal fault combined with sinistral strike slighet exact continuation cannot be proved,
between the fault planes there are tilted blockkradges

ertovica: Ottnangian—Sarmatian gravitational dataaft and normal fault

Bajan: Ottnangian—Sarmatian gravitational detachraed normal fault, between the fault
planes there are tilted blocks and ridges

Leopoldsdorf: Otthangian—Sarmatian gravitationaadement and normal fault
Middle Miocene (yellow)

Nagytilaj: mainly Sarmatian dextral strike slipghvconnecting thrusts
Sumeg: mainly Sarmatian dextral strike slips withreecting thrusts

Padrag: mainly Sarmatian dextral strike slips withnecting thrusts

Telegdi Roth: mainly Sarmatian dextral strike skyth connecting thrusts
Late Miocene—Quaternary

Ormo -Lovaszi-Budafa antiform: above blind thrustsiginated from inverted synrift
faults

Rechnitz-Simeg high: WNW-ESE basement high, quassie origination
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Fig 28.Tectonic sketch of the Supra area territory pogttéireous structures
deformation history: green: K—Q; brown: OI-Q; rébtogene; yellow: Middle Miocene

4.1.6  Geological cross-sections of the supra-regional ae

Two regional geological cross-sections have bedtecdor the supra-regional area
(Figure 29, Encl.1.18.)

The cross section lines’s (Figure 29) selectioneviised on the followings:
Boreholes of regional importance and hydrogeoldde=tures,
Seismic sections along the section lines,
Compiled pilot area sections along the sectiorsline
More or less perpendicular direction to the locad aegional structural systems.

The sections themselves (Encl. 1.18.) are based on:
The modeled horizon grids of the Supra area gecébgnodel,
The modeled horizon geology of the Supra area gembmodel,
The re-evaluated borehole database of the project,
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The unified legend of the geological model (in thNeogene basin fill some
simplification was done, ie. Pal: Lower-Pannoni&g2: Upper-Pannonian, Q:
Quaternary sediments)

General knowledge of the geological buildup of téreitory.

The sections generally show the various Alpinecstmal deformations of the territory.
One of the main features is the Southeastward migpplorthwestward dipping nappe and
thrust fault system, along which the Alpine naptaels system was built. Within the Vienna
basin some planes of opposite direction can bectbele These are eroded planes of
overturned nappe fronts, the structural sense efntbvement is just the same. The nappe
system formation was accompanied by folding too Transdanubian thrusts and synclines).
The thrust planes served as downslip horizons,lakering the postorogene gravitational
collapse. This feature is signed by the doublevesrd his planes are the main boundary faults
of the Neogene synrift phase basins. During thedggne and Neogene considerable strike
slip faults were activated too, which moved diffdreock bodies next to each other of
different thickness, or different origin. The noinfaults connected to the postrift thermal
subsidence touched mainly the Neogene sedimentghenfhult tips are often terminated
within the basins, or above the deep detachmetisf@evers then normal faults).

Fig. 29 Location of the geological cross sections of theratregional area
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4.2 Descriptions of the elements of the harmonised lege

The descriptions are divided by the occurance givan element on the horizon maps of
the Supra geological model (Encl. 1.1 1.17.). If @lement occures on more than one sheet, it
is described on the older one, unless the geolbgordaent of an element is modified through
the different horizon sheets.

The Pre-Senonian and Pre-Cenozoic horizon mapslased up together because they
contain almost the same basement formations.

4.2.1  Formations on Pre-Senonian (Encl.1.16) and Pre-Cemoic (Encl. 1.14)
horizon map

1. STABILE EUROPE - BOHEMIAN MASSIVE UNITS

Autochthonous Upper Cretaceous K2 Au
Synonyms, correlated formations: Ameis-Poysdorhiairon

Lithology: marls, sandstones

Facies: siliciclastic, carbonatic

Paleoenvironment: shallow marine to marine slope

Thickness:300 - 500 m

Average sandiness rate:

Porosity type: fissure, intergranular

Estimated porosity: low to medium (5%)

Tendencies mainly in time: shallow marine/neritic

10 Tendencies mainly in space: NW-SW: continental imargnarine basin
11.Tectonic situation: passive continental margintabke Europe (Bohemian Massiv)

CoNoohRWNE

Autochthonous Malmian J3_Aubs
Synonyms, correlated formations: Mikulov Formation

Lithology: marls, calcareous sandstones

Facies: carbonatic-siliciclastic

Paleoenvironment: basinal marine, marine slope

Thickness:500 - 1500 m

Average sandiness rate:

Porosity type: fissure,

Estimated porosity: low (4%)

Tendencies mainly in time: terrestric-siliciclagiicshallow marine/neritic
10 Tendencies mainly in space: NW-SW: continental nmargnarine basin
11.Tectonic situation: passive continental margintabke Europe (Bohemian Massiv)

CoNoOO~wWNE

2.0CEANIC ACCRETION NAPPESYSTEM

Waschberg unit PcMo W
Synonyms, correlated formations: Palava-, Brudenfrioleds, etc.
Lithology: pelites, marls, sandstones, conglomerate

Facies: siliciclastic, subordinate: carbonatic

Paleoenvironment: shallow marine to basinal marine
Thickness: 500 - 1000 m

Average sandiness rate:

Porosity type: fissure

Estimated porosity: low (4%)

N WNE
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9. Tendencies mainly in time: shallow marine/neritdgelagic-siliciclastic

10. Tendencies mainly in space: NW-SE: shallow mariaetic to pelagic-siliciclastic

11.Tectonic situation: foreland basin with continentahrgin and active margin of
advancing Alpine nappes

Klippen of Waschberg unit PcMo W

Synonyms, correlated formations: Klentnitz-, Erngtin-, Klement Formation

Lithology: marls, carbonates, sandstones

Facies:shallow marine carbonatic to siliciclastic

Paleoenvironment: terrestric-siliciclastic to sball marine, subordinate: basinal

marine

Thickness: 50 - 200 m

Average sandiness rate:

Porosity type: karstic, fissure

Estimated porosity: low to medium (4 - 9%)

Tendencies mainly in time: terrestric-siliciclastm shallow marine/neritic, partly

pelagic (Klentnitz Fm.)

10. Tendencies mainly in space: NW-SE: terrestric-silistic to shallow marine/neritic

11.Tectonic situation: fragments of passive continemtargin of stable Europe
(Bohemian Massiv) incorporated in Waschberg nappe

hPwpE
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Schottenhof unit JPg_Sch

Synonyms, correlated formations: Buntmergelserie

Lithology: pelites, marls, sandstones

Facies: siliciclastic/carbonatic

Paleoenvironment: basinal marine siliciclastic/cadtic

Thickness: 600 - 1000 m

Average sandiness rate:

Porosity type: fissure

Estimated porosity: low (1%)

Tendencies mainly in time: pelagic

10 Tendencies mainly in space: N -S: European contah@margin - marine basin

11.Tectonic situation: allochthonous Helvetic basememit, incorporated in Alpine
nappe-system

©CoNoOoO~wWNE

Pieninic Klippen-Belt JK P

Synonyms, correlated formations:

Lithology: sandstones, cherts, pelites, carbonafgsiolites

Facies: siliciclastic, subordinate carbonatic, Isareolcanic

Paleoenvironment: basinal marine with various sdasput

Thickness: 50 — 400 m

Average sandiness rate:

Porosity type: fissure

Estimated porosity: low (4%)

Tendencies mainly in time: pelagic siliciclastic

10. Tendencies mainly in space: strongly tectonized uni

11.Tectonic situation: trench/melange zone with vasi@lements of Alpine nappes,
marking a suture zone or a major nappe-system lasynd

©CoNoOoO~wWNE
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Greifenstein nappe Pg_Gf

CoNoOO~wWNE

Synonyms, correlated formations: Gdstling slicatetisdorf slice, Raca nappe
Lithology: sandstones, slates, marls

Facies: siliciclastic, subordinate: carbonatic

Paleoenvironment: basinal marine

Thickness: > 2000 m

Average sandiness rate:

Porosity type: fissure

Estimated porosity: low (4%)

Tendencies mainly in time: pelagic-siliciclastic

10 Tendencies mainly in space: penninic trough
11.Tectonic situation: Penninic sl. unit, lowermosystth-nappe of north-penninic

provenance

Kahlenberg nappe Pg K

CoNoOoO~wWNE

Synonyms, correlated formations:

Lithology: sandstones, marls, calcareous sandstones
Facies: siliciclastic, subordinate: carbonatic
Paleoenvironment: basinal marine

Thickness: > 1000 m

Average sandiness rate:

Porosity type: fissure

Estimated porosity: low (4%)

Tendencies mainly in time: pelagic-siliciclastic

10 Tendencies mainly in space: penninic trough
11.Tectonic situation: Penninic sl. unit, flysch-nappg north-penninic provenance

superimposed on Greifenstein nappe

Laab nappe Pg L

CoNoOoO~wNE

Synonyms, correlated formations:

Lithology: sandstones, marls, calcareous sandstones
Facies: siliciclastic

Paleoenvironment: basinal marine

Thickness: > 1000 m

Average sandiness rate:

Porosity type: fissure

Estimated porosity: low (4%)

Tendencies mainly in time: pelagic-siliciclastic

10 Tendencies mainly in space: penninic trough
11.Tectonic situation: Penninic sl. unit, flysch-nappg north-penninic provenance

superimposed on Greifenstein nappe

Rechnitz unit JK1 Pe

1.

Synonyms, correlated formations:

2. Lithology: phyllites, greenschists, ophiolites, caites
3.
4. Paleoenvironment: shallow marine-siliciclastic/car@tic to basinal marine

Facies: siliciclastic, volcanic-subvolcanic-intrusj carbonatic

siliciclastic/carbonatic, subvolcanic-intrusive
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Thickness: > 2000 m

Average sandiness rate:

Porosity type: fissure

Estimated porosity: low (2,5%)
Tendencies mainly in time: unknown

10 Tendencies mainly in space: upper penninic baseorent
11.Tectonic situation: Penninic str. unit, allochthorobasement unit, exhumed in

Miocene times

3.ADRIA DERIVED PROWEDGE ALCAPA NAPPESYSTEM

Medium-grade polymetamorphic formations (Alpinerpxiat)

In Lower Austroalpine unit PzS
Synonimes, correlated formations: Obrennberg—Vadstica Schist, Sopron-

1.

2.

©CoOoNOOh~OW

banfalva Gneiss, Flizesarok White Schist

Lithology: gneiss, mica schist, phyllite, pegmatikeucophyllite, quartzite, quartz

schist

Facies: medium-grade polymetamorphic
Paleoenvironment: not interpreted

Thickness: ?

Average sandiness rate: 0%

Porosity type: fissure

Estimated porosity: low

Tendencies mainly in time: paleozoic, Variscan

10 Tendencies mainly in space: Sopron Mts
11. Tectonic situation: nappe

Medium- and high-grade polymetamorphic formations PzF

1.

CoNoOO WD

Synonimes, correlated formations: Feékos Crystalline
Godolyebérc Amphibolite

Lithology: amphibolite, gneiss, mica schist

Facies: medium- and high-grade polymetamorphic
Paleoenvironment: not interpreted

Thickness: ?

Average sandiness rate: 0%

Porosity type: fissure

Estimated porosity: low

Tendencies mainly in time: paleozoic, Variscan

10 Tendencies mainly in space:
11. Tectonic situation: nappe

Mesozoic Cover of Austroalpine Crystalline Mz_ AT

ONOOR~WNE

Synonyms, correlated formations: Semmering unit

Schist  Group,

Lithology: carbonates, quarzites, phyllites, comgéoates, lignites, evaporites

Facies: carbonatic, siliciclastic, evaporitic
Paleoenvironment: shallow marine, deltaic — flujigupratidal
Thickness:200 - 700 m

Average sandiness rate:

Porosity type: karstic, fissure

Estimated porosity: low to medium (6%)
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9.

Tendencies mainly in time: terrestric-siliciclastto shallow marine/neritic to
shallow marin-continental

10. Tendencies mainly in space: nappe system
11.Tectonic situation: cover nappes of Austroalpinsednaent unit in parautochthonous

position

Graz Paleozoic Dmb

CoNooORWNE

Synonyms, correlated formations: Rannach Fm., Saikalk Fm. etc.

Lithology: carbonates, phyllites, greenschists rgites

Facies: carbonatic, siliciclastic, volcanic

Paleoenvironment: marine shelf, marine slope, dhsmarine,deltaic — fluviatil
Thickness: 300 - 1700 m

Average sandiness rate:

Porosity type: karstic, fissure

Estimated porosity: low to medium (5 -15%)

Tendencies mainly in time: terrestric-siliciclagtmicanic to shallow marine/neritic
to pelagic carbonatic

10. Tendencies mainly in space: nappe system
11. Tectonic situation: Upper Austroalpine basement umnallochthonous position

Paleozoic phyllitoids (Graz Paleozoic) DS Sa
A small area of outcroping low grade metamorphicksolocated at Sotina, next to the
border with Austria are presented as phyllitoidat tlbould correlate with the Graz
Paleozoic or with the Magdalensberg Fm as welltl@nbasement map they are presented
as Graz Paleozoic, which is extensively developdtie Austrian part of the project area.

1.

2.

©CoOoNO O AW

Synonyms, correlated formations in partner coustridausal unit in general in
Austria, which is not a direct equivalent of theyltitoids occurring in Slovenia.
Lithology (colour, texture, grainsize): Mainly, sudinately, rarely: Outcrops of low
grade metamorphic slates occur on the surface small area in the vicinity of
Sotina, in the Gorko region. The characteristic rocks are sericitglljph, with
transitions to carbonate phyllite and chlorite edatas well as rare marble and
graphitic quartzite.

Facies: Lowermost greenschist facies

Paleoenvironment: Not known

Thickness: from 0 and estimated up to 700 m

Average sandiness rate:

Porosity type: fissure

Estimated porosity: impermeable to low

Tendencies mainly in time: not known

10 Tendencies mainly in space: not known
11.Tectonic situation: Extensional allochton abovedkbumed units of Pohorje Fm.

Blumau Phyllite-Carbonate-Formation SD_BI

1.

Synonyms, correlated formations:

2. Lithology: carbonates, phyllites
3. Facies: carbonatic - siliciclastic
4,

5. Thickness: > 200 m

Paleoenvironment: shallow marine/neritic, carbarsiticiclastic
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Average sandiness rate:

Porosity type: karstic, fissure

Estimated porosity: low to medium (5 -15%)

Tendencies mainly in time: shallow marine

10 Tendencies mainly in space: subsurface basemepenap

11. Tectonic situation: Upper Austroalpine basement mnallochthonous position

©ooNOo

Wollsdorf Metabasite-Formation SD_mb
Synonyms, correlated formations:

Lithology: phyllites, carbonates, metabasites

Facies: siliciclastic - volcanic

Paleoenvironment: terrestric-volcanic, shallow meari
Thickness: > 250 m

Average sandiness rate:

Porosity type: fissure

Estimated porosity: low (3,5%)

Tendencies mainly in time: terrestric-volcanic bakow marine
10 Tendencies mainly in space: subsurface basemepenap

11. Tectonic situation: Upper Austroalpine basement mnallochthonous position

CoNoOoO~wWNE

Sausal unit SD Sa

Synonyms, correlated formations:

Lithology: phyllites, greenschists, metabasiteshonates

Facies: siliciclastic, volcanic, carboatic

Paleoenvironment: terrestric-siliciclastic, terrigsvolcanic, shallow marine
Thickness: > 800 m

Average sandiness rate:

Porosity type: fissure

Estimated porosity: low (2%)

Tendencies mainly in time: terrestric-siliciclasti@icanic to shallow marine/neritic
10 Tendencies mainly in space: basement nappe

11.Tectonic situation: Upper Austroalpine basement mnallochthonous position

CoNooRWNE

Radochen unit SD_SaR
1. Synonyms, correlated formations:
2. Lithology: slates, sandstones, carbonates
3. Facies: siliciclastic, subordinate carbonatic
4. Paleoenvironment: terrestric-siliciclastic, shallowarine
5. Thickness: > 700 m
6. Average sandiness rate:
7. Porosity type: fissure
8. Estimated porosity: low (5%)
9. Tendencies mainly in time: terrestric-siliciclagiicshallow marine

10. Tendencies mainly in space: subsurface basemepenap
11.Tectonic situation: Upper Austroalpine basement owerlaying Sausal unit
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Austroalpine Cristalline Pz _Acr
1. Synonyms, correlated formations:
2. Lithology: schists, gneiss, phyllites, amphiboljtesarbles, pegmatites, eclogites,
serpentinites, quarzites
Facies: low to high grade metamorphic rocks
Paleoenvironment:
Thickness: > 5000 m
Average sandiness rate:
Porosity type: fissure
Estimated porosity: low (2%)
Tendencies mainly in time:
10 Tendencies mainly in space:
11.Tectonic situation: lower and upper austroalpingch@ent complexes

©CoNOO kW

Gosau unit KPg_G

1.Synonyms, correlated formations: Brezova Group lov&kia, some small isolated
patches are found within tectonic zone on surfémegathe western prolongation of the
Raba fault close to Kobansko area and on Kobanskeed, near the SLO - A border.

2.Lithology: sandstones, slates, pelites, conglomesrtdignites, carbonates

3.Facies: siliciclastic/turbiditic, subordinate: canatic, rarely: limnic

4.Paleoenvironment: marine slope to basinal marineolinate: shallow marine to
deltaic, rarely: brackisch to freshwater

5.Thickness: 500 - 2000 m

6.Average sandiness rate:

7.Porosity type: fissure

8.Estimated porosity: low (2,5%)

9.Tendencies mainly in time: terrestric-siliciclasta shallow marine/neritic to pelagic
carbonatic to pelagic siliciclastic

10. Tendencies mainly in space: heterogeneous

11. Tectonic situation: Northern Calcareous Alps iréteywacke unit and Gosau
unit, local tectonic basins on nappe system of NCA

Bajuvaric unit Mz _F
1. Synonyms, correlated formations: Frankenfels-, Lnagpe
2. Lithology: carbonates, sandstones, slates, congbites evaporites, lignites, cherts
3. Facies: terrestrial to pelagic basinal
4. Paleoenvironment: terrestic/evaporitic to pelagidonatic to pelagic siliciclastic
5.  Thickness: >4000 m
6. Average sandiness rate:
7. Porosity type: karstic, fissure, intergranular
8. Estimated porosity: low to medium (6 - 20%)
9. Tendencies mainly in time: from continental (Pemmiavia shallow marine

(Triassic) to pelagic (Jurassic-Lower Cretacous)

10. Tendencies mainly in space: nappe system

11. Tectonic situation: Northern Calcareous Alps iftgteywacke unit and Gosau unit,
lowermost nappe system of NCA
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Tirolic unit Mz UH

CoNoOoGRWNE

Synonyms, correlated formations: Reisalpe-, Untgrh&oller nappe

Lithology: carbonates, sandstones, slates, conghies evaporites, lignites, cherts
Facies: terrestrial to pelagic basinal

Paleoenvironment: terrestic/evaporitic to pelagidonatic to pelagic siliciclastic
Thickness: > 5000 m

Average sandiness rate:

Porosity type: karstic, fissure, intergranular

Estimated porosity: low to medium (6 - 20%)

Tendencies mainly in time: from continental (Pemigia shallow marine (Triassic)
to pelagic (Jurassic-Lower Cretacous)

10. Tendencies mainly in space: nappe system
11.Tectonic situation: Northern Calcareous Alps irgteywacke unit and Gosau unit,

nappe system of NCA with largest extension, undaertey Greywacke unit and
tectonic underlaid Bajuvaric unit, superimposedbyavic unit

Juvavic unit Mz_UA
1. Synonyms, correlated formations: Upper nappes cAN&thneeberg nappe
2. Lithology: carbonates, sandstones, slates, evasogherts
3. Facies: shallow marine to basinal
4. Paleoenvironment: fromshallow marine to pelagicinear
5. Thickness: > 3000 m
6. Average sandiness rate:
7. Porosity type: karstic, fissure, intergranular
8. Estimated porosity: medium (6 — 20 %)
9. Tendencies mainly in time: from shallow marine {jyaslope and pelagic rise)

(Triassic) to pelagic (Jurassic)

10. Tendencies mainly in space: nappe system
11.Tectonic situation: Northern Calcareous Alps irgteywacke unit and Gosau unit,

highest nappe system of NCA

Greywacke unit OC _Gw
1. Synonyms, correlated formations: Noricum
2. Lithology: sandstone, slate, carbonate, porhyroigheiss, conglomerate,

©CONOO AW

volcaniclastic

Facies: siliciclastic, volcanic, carbonatic

Paleoenvironment: continental margin, intramontaawsn

Thickness:500 - 3000 m

Average sandiness rate:

Porosity type: fissure, intergranular

Estimated porosity: low to none (3%)

Tendencies mainly in time: terrestric-siliciclastiglcanitic to shallow marine/neritic
to pelagic carbonatic to shallow marine/neriticdoestric-siliciclastic

10. Tendencies mainly in space: nappe system
11.Tectonic situation: Northern Calcareous Alps irgteywacke unit and Gosau unit,

base nappe of Tirolic unit of NCA
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Bik Fm Dmb
Synonimes, correlated formations: Graz PaleozoiknohEquivalents
Lithology: marble, calcareous slate

Facies: low-grade metamorphic

Paleoenvironment: not interpreted

Thickness: more 100m

Average sandiness rate:

Porosity type: fissure, karstic

Estimated porosity: low

Tendencies mainly in time: no data

10 Tendencies mainly in space: in the basement of DaBasin
11.Tectonic situation: tectonic window

CoNoORWNE

Jaké—Polany Marl K2ml

Synonimes, correlated formations: Inoceramus n@&agphaea marl

Lithology: grey marl, silty marl, clayey limestone

Facies: sublitoral to basin facies

Paleoenvironment: pelagic basin

Thickness: max 900 m

Average sandiness rate: only in the uppermost(amna Mb)

Porosity type: karstic/fissure

Estimated porosity: low

Tendencies mainly in time: the uppermost layers dightly sandy; limestone

breccia member in the middle part

10. Tendencies mainly in space: heteropic connectidh Wgod Limestone

11. Tectonic situation: Transdanubian Range Unit, semosedimentary cycle after Pre-
Gosau orgeny

CoNoOoO~wWNE

Ugod Limestone K2ls

1. Synonimes, correlated formations: Hippurites liroast

2. Lithology: light-grey thick-bedded limestone

3. Facies: carbonate platform

4. Paleoenvironment: shallow marine high

5. Thickness: 100-300 m

6. Average sandiness rate:

7. Porosity type: karstic

8. Estimated porosity: great

9. Tendencies mainly in time:

10. Tendencies mainly in space: Transdanubian Rangg hitieropic connection with
Polany Marl

11. Tectonic situation: senonian sedimentary cycler &te-Gosau orgeny

Halimba Bauxite, Csehbanya Fm, Ajka Brown Coal K2t
1. Synonimes, correlated formations:—
2. Lithology: bauxite; cyclic alternation of sand/satwhe, siltstone, clay with coal
seams
3. Facies: terrestrial, fluvial, lacustrine
4. Paleoenvironment: karstified surface, alluvial pjalelta, swamp
5. Thickness: 50-200 m
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Average sandiness rate: 30-40%

Porosity type: intergranular

Estimated porosity: medium

Tendencies mainly in time: bauxite is overlain bg bther two heteropic formations

10 Tendencies mainly in space: heteropic connectiah @ach other
11.Tectonic situation: Transdanubian Range Unit, semosedimentary cycle after Pre-

Gosau orgeny

Vértessomld Siltstone — Tata Limestone Kml-Is

1.

Synonimes, correlated formations: Aptian crinoidakstone

2. Lithology: grey siltstone, crinoidal limestone
3. Facies: sublittoral facies

4. Paleoenvironment: pelagic basin

5. Thickness: max 400 m

6.
7
8
9.
1

Average sandiness rate: sandstone intercalatians atboth formations

. Porosity type: karstic/fissure/intergranular
. Estimated porosity: medium

Tendencies mainly in time: siltstones are abowveestones are below

0.Tendencies mainly in space: siltstones are in apterconnection with Kérnye

Limestone

11.Tectonic situation: Transdanubian Range Unit, déposl cycle after the Austrian

phase, disconformably overlying pre-Aptian rocks

Vértessomld Siltstone — Pénzeskut Marl Kml-Is

1.

Synonimes, correlated formations: Turrilites marl

2. Lithology: grey siltstone, glauconitic marl
3. Facies: basin facies

4. Paleoenvironment: pelagic basin

5. Thickness: max 700 m

6.
7
8
9.
1

Average sandiness rate: sandstone intercalations ocupper part

. Porosity type: fissure/intergranular
. Estimated porosity: low

Tendencies mainly in time: siltstones are belowlsnare above

0.Tendencies mainly in space: siltstones are in bpterconnection with Kornye

Limestone

11. Tectonic situation: Transdanubian Range Unit, deegeupward depositional cycle

after the Austrian phase

Kérnye—Zirc Limestone Kpls

1.

Synonimes, correlated formations: Urgonian limestd?achyodonta limestone

2. Lithology: thick-bedded limestone

3. Facies: platform and slope facies

4. Paleoenvironment: sublitoral platform
5.
6
7
8
9

Thickness: max 450 m

. Average sandiness rate: —

. Porosity type: karstic

. Estimated porosity: medium to great
. Tendencies mainly in time: —

90



10.Tendencies mainly in space: Kdrnye Limestone iserogic with Vértessomlo

Siltstone

11.Tectonic situation: Transdanubian Range Unit, Hmid deposits within

depositional cycle after the Austrian phase

Alsépere Bauxite, Tés Clay Marl K1f
1. Synonimes, correlated formations: Munieria clay
2. Lithology: bauxite, variegated clay, calymarl
3. Facies: fluvio-lacustrine to backish
4. Paleoenvironment: karstified surface, swamp, lagoon
5. Thickness: max 230 m
6. Average sandiness rate: sandstone intercalatiensse
7. Porosity type: intergranular
8. Estimated porosity: no/low
9. Tendencies mainly in time: basal and uppermostquarsist limestone

10. Tendencies mainly in space: Tés Clay Marl is hgtierarith Kérnye Limestone
11.Tectonic situation: Transdanubian Range Unit, lawdt deposits at the base of

depositional cycle after the Austrian phase

Labatlan Sandstone, Bersek Marl K1t

1.
2.

OCONOO AW

Synonimes, correlated formations: Aptychus markd$®eld Sandstone

Lithology: marl with sandstone intercalations (beJoand sandstones with
conglomerate in the uppermost part

Facies: turbidite

Paleoenvironment: bathyal submarine slope (chamamel)basin

Thickness: max 500 m

Average sandiness rate: sandstones give 80% stideession

Porosity type: intergranular

Estimated porosity: low

Tendencies mainly in time: coarsening upward secgiemarl below, sandstone and
conglomerate above

10. Tendencies mainly in space:
11.Tectonic situation: Transdanubian Range Unit, flgeiposition in connection with

early obduction of a branch of the Neotethys

Siimeg Marl Klbml

CoNoOoO~wWNE

Synonimes, correlated formations: —

Lithology: silty marl, siltstone, calcareous marl

Facies: basin

Paleoenvironment: shallow bathyal pelagic basin

Thickness: max 270 m

Average sandiness rate:

Porosity type: intergranular

Estimated porosity: no/low

Tendencies mainly in time: calcareous marl beloligtene above

10 Tendencies mainly in space:
11. Tectonic situation: Transdanubian Range Unit, owestage of the Neotethys
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Jurassic — Early Cretaceous marine succession J
1. Synonimes, correlated formations: Hierlatz LimestonAdnet Limestone,
ammonitico rosso, maiolica, biancone
2. Lithology: limestone, cherty limestone, clayey Istene, radiolarite, manganese
3. Facies: basin
4. Paleoenvironment: submarine high and bathyal pelaagsin
5. Thickness: 20-500 m
6. Average sandiness rate:
7. Porosity type: karstic
8. Estimated porosity: low
9. Tendencies mainly in time: limestones below andvaboadiolarites middle
10.Tendencies mainly in space: thin and condensedessimns on the paleohighs and
thick continuous successions in the basin areas
11. Tectonic situation: Transdanubian Range Unit, oicestiage of the Neotethys

Dachstein—Kardosrét Limestone T3ls
1. Synonimes, correlated formations:
2. Lithology: thick-bedded, Lofer cyclic limestone
3. Facies: platform
4. Paleoenvironment: shallow marine tidal flat
5. Thickness: max 1500 m
6. Average sandiness rate:
7. Porosity type: karstic
8. Estimated porosity: great
9. Tendencies mainly in time: dolomite-limestone altgion at the lower part
10. Tendencies mainly in space: thickness of Dachdtenestone increase from SW to
NE, Kardosrét Lmst restricts to the Bakony Mts
11.Tectonic situation: Transdanubian Range Unit, passontinental margin of the
Neotethys

Rezi Dolomite, Késsen Marl, Feketehegy Fm T3bls
1. Synonimes, correlated formations:
2. Lithology: well-bedded, laminated bituminous doléesi and limestones, marl, clay
marl
3. Facies: basin
4. Paleoenvironment: restricted extensional hemipelagsin
5. Thickness: max 700 m
6. Average sandiness rate:
7. Porosity type: karstic
8. Estimated porosity: no/low
9. Tendencies mainly in time: dolomites and limestdoglsw, marls above
10.Tendencies mainly in space: Kossen+Rezi Fm in the(S Bakony, Zala Basin),
Feketehegy Fm in the NE (Pilis)
11.Tectonic situation: Transdanubian Range Unit, estteral Late Triassic basin

Ederics Limestone, Sédvolgy Dolomite, Main Dolomite T3d
1. Synonimes, correlated formations: Hauptdolomit
2. Lithology: well-bedded dolomites and poorly beddietestones
3. Facies: carbonate platform
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4. Paleoenvironment: lagoon and reef of shallow marared flat
5. Thickness: 2000 m

6. Average sandiness rate:

7.
8
9.
1

Porosity type: karstic

. Estimated porosity: great

Tendencies mainly in time:

0. Tendencies mainly in space: Ederics Limestoneicestio the SW (Keszthely Mts),

dolomites are widespread

11.Tectonic situation: Transdanubian Range Unit, passontinental margin of the

Neotethys

Veszprém Marl, Sandorhegy Fm Tkbls

CoNoOoO~wWNE

Synonimes, correlated formations: Raibl Fm, Lunz Bpponitz Fm

Lithology: marl, clay marl, calcareous marl, limase

Facies: basin

Paleoenvironment: shallowing upward intraplatforasin

Thickness: max 1000 m

Average sandiness rate:

Porosity type: karstic

Estimated porosity: low

Tendencies mainly in time: marls are overlain hyiinous laminites and nodular
liemstones

10.Tendencies mainly in space: Carnian basin depas#sin heteropic contact with

Carnian platforms (Ederics and Sédvdlgy Fm)

11.Tectonic situation: Transdanubian Range Unit, passontinental margin of the

Neotethys

Budadrs Dolomite Tpd

1.

Synonimes, correlated formations: Diplopora dolenitRamsau Dolomite,
Wetterstein Dolomite

2. Lithology: well-bedded dolomites

3. Facies: carbonate platform

4. Paleoenvironment: lagoon of shallow marine platform
5. Thickness: max 1000 m

6.
7
8
9.
1

Average sandiness rate:

. Porosity type: karstic
. Estimated porosity: large

Tendencies mainly in time:

0.Tendencies mainly in space: Transdanubian Range, Buidaors platform is

heteropic with Ladinian—lowermost Carnian basincegsion

11. Tectonic situation: passive continental marginhef Neotethys

Fels ors Limestone, Buchenstein Fm, Fiired Limestone T2Is

ouhwnE

Synonimes, correlated formations: Reifling Lmst

Lithology: laminated or nodular limestones, chdiryestones, tuffs, tuffites
Facies: basin

Paleoenvironment: hemipelagic to pelagic, deepempvgard intraplatform basin
Thickness: max 1000 m

Average sandiness rate:
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7. Porosity type: karstic

8. Estimated porosity: medium

9. Tendencies mainly in time: volcanites devide limestsuccession into two parts

10.Tendencies mainly in space: Fdlss Fm is partly heteropic with Middle Anisian
platform (Tagyon Fm), Buchenstein and Fired Fms hateropic with Budaors
platform

11.Tectonic situation: Transdanubian Range Unit, passontinental margin of the
Neotethys with initiating rifting

Aszéf Dol., Iszkahegy Lmst, Megyehegy Dol.,Tagyon Fm Tacbh
1. Synonimes, correlated formations: Reichenhall B&lgenstein Fm, Steinalm Fm
Lithology: vuggy dolomite, laminated and/or thickdided bituminous limestone
and dolomite, Lofer-cyclic limestone
3. Facies: carbonate ramp and platform
4. Paleoenvironment: shallow marine carbonate ramgsaiated platform
5. Thickness: max 700 m
6. Average sandiness rate:
7
8
9.
1

N

. Porosity type: karstic

. Estimated porosity: medium/large
Tendencies mainly in time: ramp facies below, plaif facies above

0.Tendencies mainly in space: Tagyon Fm is partherogic with Felsérs Fm
(Middle Anisian basin)

11.Tectonic situation: Transdanubian Range Unit, passontinental margin of the
Neotethys with extensional tectonic movements dutire Middle Anisian rifting

Alcsutdoboz Fm, Aracs Fm, Kéveskal Fm, Tlcb
Hidegkut Fm, Csopak Fm,

1. Synonimes, correlated formations: Werfen Fm in Aasand Slovenia, in Slovakia
occurs in Tatricum, Fatricum—N-Veporicum, Hronicubdd na Fm., Benkovsky
potok and Suava Fm.

Lithology: marl, siltstone, limestone, (dolomitensistone)

Facies: mixed siliciclastic—carbonate ramp

Paleoenvironment: inner and outer shelf, sand-bar

Thickness: max 600 m

Average sandiness rate: 10%

Porosity type: karstic

Estimated porosity: low/medium

Tendencies mainly in time: dolomite and limestoméoty, siltstone middle, marls

above

10.Tendencies mainly in space: Koéveskal (SW) Aracs Aledutdoboz Fm (NE) are
heteropic with each other

11.Tectonic situation: Transdanubian Range Unit, passontinental margin of the
Neotethys

COoNoGhRWND

Balatonfelvidék Sandstone Pt
1. Synonimes, correlated formations: Val Gardena (énéd) Sandstone
2. Lithology: sandstone, pebbly sandstone, siltstone
3. Facies: cyclic terrestrial siliciclastics
4. Paleoenvironment: alluvial plain
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Thickness: 50-800 m

Average sandiness rate:

Porosity type: fissure

Estimated porosity: medium

Tendencies mainly in time: platform dolomites andestones below, marls and
tuffitic imestones of basin facies above

10. Tendencies mainly in space: thickness decrease $whto NE
11.Tectonic situation: Transdanubian Range Unit,miftphase of the Neotethys

Tabajd Anhydrite, Dinnyés Dolomite Pt
1. Synonimes, correlated formations: Bellerophon Fm
2. Lithology: siltstone—anhydrite, dolomite
3. Facies: sabkha, lagoon
4. Paleoenvironment: coastal plain, shallow-marinedag
5. Thickness: max 700 m
6. Average sandiness rate: —
7. Porosity type: karstic/fissure
8. Estimated porosity: medium/large
9. Tendencies mainly in time: evaporates below, dalesnabove

10. Tendencies mainly in space: thickness increase 8wto NE
11.Tectonic situation: Transdanubian Range Unit,miftphase of the Neotethys

Low-grade metamorphic formations in Transdanubiange ~ OC_Tr

1.

N
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Synonimes, correlated formations: Balatd@jar, Lovas, Alséors, Szabadbattyan,
Polgardi, Kékkat, Urhida, Nemeskolta, Mihalyi Fm&arboniferous Formation in
Slovenia

Lithology: slate, calc-phyllite, quartz phyllite,ugrtzite, meta-sandstone, meta-
conglomerate, alcaline meta-tuffite, limestone

Facies: low-grade metamorphic

Paleoenvironment: not interpreted

Thickness: ?

Average sandiness rate: 5%

Porosity type: fissure, intergranular

Estimated porosity: low

Tendencies mainly in time: paleozoic, diverse yrsgparates each other

10 Tendencies mainly in space: SE and NW limb of Tdansibian Range
11.Tectonic situation: Transdanubian Range Unit, umpst Austroalpine nappe

South Karavanke unit, Permian P_SK

1.

Synonyms, correlated formations in partner coustrighis complex unit comprises
several formations, therefore no synonyms are gikteme, only Val Gardeana Fm.
is equivalent of Balatonfelvidék Sandstone in Hugg®evin Fm. in Slovakia and
Haselgebirge, Prebichl-Formation in Austria.

. Lithology: Lower part consists of grey quartz cangkrates, subordinately quartz

sandstones. Above, quartz sandstones follow, tmagsito slaty mudstones
interlayered with quartz sandstones and some rewekstones (brecciated,
conglomeratic). In continuation, red, grey and grele sediments of Val Gardena
Fm were deposited, mainly siltstones and suboreipatonglomerates and
sandstones. Transgresively carbonate rocks of Upgenian cover clastic rocks.
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3. Facies: fresh water, rarely: marine carbonate

4. Paleoenvironment: Lower part shows retrogradatiotiensgressive series of

sedimentary rocks. The Val Gardena Fm. Is inteegrets a product of river

sedimentation environment, incuding also shalloke I§laya) environments. The

Val Gardena Fm. ended with retrogardation and rearensgression with carbonate

sedimentation.

Thickness: not known, estimated to more than 1500 m

Average sandiness rate:

Porosity type: mostly fracture, subordinately igtanular

Estimated porosity: low

Tendencies mainly in time: not known

0 Tendencies mainly in space: The Permian clastiksramcur as tectonic lenses
within South Karavanke unit in the southern parttloed Slovenian project area
teritory. Smaller outcrops are found only in thesteenmost corner merged with
Triassic rocks, while in the southernmost part led South Karavanke unit their
presence is interpreted. In the area northeastaoitidr, the borehole Som-1 reached
Permian clastic rocks within small erosional rem@ithrust imbricates.

11. Tectonic situation: Not known

'—‘©.°°.\‘.°’.U"

South Karavanke unit, Permo-Triassic PT _SK

Permian and Triassic clastic and carbonate formatewe comprised in this unit. Their
occurrence is documented in the south-westernmmabtoé the Slovenian part of the
project area within the Labot fault zone and in sbathernmost part within the Donat
fault zone. Small lens occur also in the borderaredetween Slovenia and Hungary
under Tertiary sediments. Characteristics of themian sequences are presented
previously. Lower Triassic rocks will be presentadder the Triassic (T1+T2)
siliciclastic and carbonate formations - T_L.

South Karavanke unit T23 SKcb
Formations of platform and basin facies (Anisiatodote Tach WengenT2Is and Schlern
Tpd Formations)

1. Synonyms, correlated formations in partner coustrie
in Hungary: Tagyon Limestone, Megyehegy Dolomitszkhhegy Limestone,
Aszof Dolomite;
in Slovakia: Tatricum, Hronicum: Gutenstein Fm.gydolomites, Steinalm Fm.-
Hronicum: Reifling, Zamostie, Gader, Raming andr8ghlralm Limestones,
in Austria: Gutenstein Formation- Reifling Formatio
2. Lithology: Anisian dolomites, pelagic, basin limasé, nodular or cherty limestone
with tuffaceous and siliciclastic intercalations,Liadinian Wetterstein Fm. has been
deposited as limestone and dolomite; Carnian shaildsslimestone intercalations;
Upper Triassic beds are developed as limestondsyantly dolomites.
3. Facies: Mainly: Anisian intra- to supratidal enviroent, Ladinian fore-reef, reef
and lagoonal environment, Carnian to Rhaetianquatfand basin facies

4. Paleoenvironment: Carbonate platform shallow waded reef, locally closed
lagoonal sedimentation

5. Thickness: not known

6. Average sandiness rate:

7. Porosity type: fracture, intercrystalline, vaguarstic porosity

8. Estimated porosity: medium to high
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9. Tendencies mainly in time: not known

10. Tendencies mainly in space: not known

11.Tectonic situation: This unit is interpreted as evioklt in the southernmost part of
the Slovenian part of the project area, belongin§duthern Karavanke unit.

North Karavanke unit PT_NK
This unit comprises Permian and Triassic clastid earbonate formations. Permian
Fm. are described in the previous section, theeefiorth Karavanke carbonate rocks
will be shortly presented under the Main Dolomitdauptdolomit’) T3d (T3d_surf)
formation. Their occurrence is documented only akia wedged slice within the
Labot fault zone at the south-westernmost endeflovenian part of the project area.
They have only structural meaning in the projecttexgt.
North Karavanke Mountains are built up of Upper rfian to Lower Triassic
terrigenous quartz sandstones and conglomeratasgvatiual upwards transition into
marls and then into oolitic dolomites and platfdoasiliferous limestones. Within, the
Anisian dolomites formed in the intra- to suprakidavironment.

Hronic unit Mz UH

Synonyms, correlated formations in partner cousiiido

Synonymes, correlated formations in partner coestrTirolic unit

Lithology (colour, texture, grainsize): carbonategccias, shales

Facies: from continental base to carbonate aneshal

Paleoenvironment: minor continental at the basan tarbonate platform and it's
surrounding breccias and intraplatform basins fills

6. Thickness: more than 5000 m

7. Average sandiness rate: no

8. Porosity type: fissure, karstic
9.
1

agkrwnhE

Estimated porosity: no/low to medium. The higheshithe Hauptdolomite
0.Tendencies mainly in time: Several depositionalleyavith a variability of sea
depth and the clastic content.
11.Tendencies mainly in space: deepening NW-wards?
12. Tectonic situation: Western Carpathian unit, napystem

Hronicum: Ipoltica Group (Malu ina and Ni n4 Bocarf.) CP_lIvs
1. Synonymes, correlated formations in partner coesiri
2. Lithology (colour, texture, grainsize): Cyclical leano-sedimentary complex:
clastic and basaltic rocks
Facies: volcanic to volcano-sedimentary
Paleoenvironment: continental
Thickness: more than 300 m
Average sandiness rate: no
Porosity type: fissure
Estimated porosity: medium
Tendencies mainly in time: basaltic volcanics ioédated by volcanoclastics,
covered by alluvial volcanoclastic facies
10. Tendencies mainly in space: without a continuatmAustria, nor Hungary
11.Tectonic situation: Western Carpathian unit, cartial rift volcanism

OCONOO AW
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Fatric unit Mz _F
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Synonymes, correlated formations in partner coastiBajuvaric unit

Lithology (colour, texture, grainsize): quartzitearbonates, shales

Facies: from continental base to carbonate ane shal

Paleoenvironment: mainly marine

Thickness: up to 3000 m

Average sandiness rate:

Porosity type: grain, fissure, karstic

Estimated porosity: low to medium

Tendencies mainly in time: several shallowing ugh@epositional cycles, generally
deepening upward

10. Tendencies mainly in space: shallowing NWwards
11.Tectonic situation: Western Carpathian unit, nagpgstem

Tatric cover unit J Tls

1.
2.

B w
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Synonymes, correlated formations in partner coesitri

Lithology (colour, texture, grainsize): from varagd shales, conglomerates and
guartzites to shales and carbonates, breccias

Facies: from continental base to shale and carbarat again to breccias
Paleoenvironment: from continental base to shatecanbonateup to large amount
of breccias

Thickness: more than 1000 m

Average sandiness rate:

Porosity type: fissure, karstic

Estimated porosity: low to medium

Tendencies mainly in time: several depositional leyc last period strongly
influenced by rifting tectonics (breccias)

10. Tendencies mainly in space: heterogeneous
11.Tectonic situation: Western Carpathian unit, péistmainly synrift

Tatric metamorphic unit (Early Paleozoic?) Pz Tcr

1.

N
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Synonymes, correlated formations in partner coestriAustroalpine Crystalline
units

Lithology (colour, texture, grainsize): Tatric uritgneiss, schist, phyllite, marble,
amphibolite

Facies: high to low metamorphic

Paleoenvironment: aeral periplutonic

Thickness: variable, tectonic slices

Average sandiness rate: no

Porosity type: fissure

Estimated porosity: low

Tendencies mainly in time: no

10 Tendencies mainly in space: no
11. Tectonic situation: Western Carpathian unit, pat@ehtonous position

Tatric Crystalline — hercynian intrusive rocks C Tgr

1.

Synonymes, correlated formations in partner coestriAustroalpine Crystalline
units

98



2. Lithology (colour, texture, grainsize): Biotitic drtwo-mica granite, granodiorite
and tonalite, leucocratic granite, diorite

3. Facies: plutonic

4. Paleoenvironment: deep seated

5. Thickness: tectonically cut

6. Average sandiness rate: no

7. Porosity type: fissure

8. Estimated porosity: low

9. Tendencies mainly in time: the acidity growing ups?

10.Tendencies mainly in space: Male Karpaty Mts. — twain bodies — the souther
more acid, the northern more basic

11.Tectonic situation: Western Carpathian unit, pat@ehtonous position

Veporic unit (Early Paleozoic) Pz Vcr
1. Synonymes, correlated formations in partner coestriAustroalpine Crystalline
units
Lithology (colour, texture, grainsize): gneiss, isthphyllite, marble, amphibolite
Facies: high to low metamorphic
Paleoenvironment: aeral periplutonic
Thickness: variable, tectonic slices
Average sandiness rate: no
Porosity type: fissure,
Estimated porosity: no
Tendencies mainly in time: no
10 Tendencies mainly in space: no
11. Tectonic situation: Western Carpathian unit, pat@ehtonous position

COoNoGhRWD

Pohorje Formation Pz _Acr

Occurs on the pre-Cenozoic horizon map as surfageation in the area of Pohorje and
Kobansko Mountains, and buried under Tertiary sedis representing Murska Sobota High
and most of the western Maribor subbasin and Raaly@s half-graben.

1. Synonyms, correlated formations in partner coustriehe eastern prolongation of
the Pohorje Fm. in Hungary is represented by Olrergy-Voroshid Mica Schist,
Sopronbanfalva Gneiss, and Fluzesarok White Schigt.latter do not occur in the
Slovenian part of the project area. Northward,Riodorje Fm. continues to Austria,
represented by the so called Austroalpine kristallh which all greenschist
formations are merged to the gneiss-micaschist Ev@gher metamorphic grade.
2. Lithology (colour, texture, grainsize):
Mainly: Main lithology is represented by grey greeiand grey to brownish
micaschist with frequent layers and lenses of abygdite. The rocks are medium
grained, though coarse grained varieties are praésateeper parts of the Pohorje
massif. Structures express dynamic conditions ai&bions, i.e. lineation and
foliation. Textures exhibit degradational recryszakion.
Subordinately: pegmatite, quartzite and marblegawgneiss and eclogite.
Rarely: serpentinite

3. Facies:
Mainly: medium to high grade metamorphic facies
Subordinately: retrogression to upper greenschdses,
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Rarely: ultra-high pressure metamorphism in théeeasiost part of the Pohorje
Mountains; contact metamorphic epidote and horm#ehornfelses facies and
skarn around Pohorje Mts. batholith
Paleoenvironment:
Mainly: shelf related clastic sedimentation, mogtly confined basin
Subordinately: transition to ocean floor, but withophiolites
Rarely: near shore (meta-conglomerates)
Thickness: not known, but speculated several thuwlgszeters
Average sandiness rate: -
Porosity type: fracture
Estimated porosity: low to medium within the strig zones.
Tendencies mainly in time: Polyphase metamorphased complex, progressive
metamorphism already of Variscan age, HP to UHRaCesus subduction related
metamorphism, followed by late Cretaceous to Paeeg retrogressive
metamorphism. Slight contact metamorphism in tlem aonnected to the Pohorje
Mountains granodiorite intrusion.

10.Tendencies mainly in space: The Pohorje Formasorepresented by medium to

high grade polymetamorphic formations of the Pahdfjountains and Kobansko
massifs and Murska Sobota high, buried under Tgradimentary sequences. The
outcropping part of this formation occurs in thesteen part of the project area in
the Pohorje and Kobansko Mountains, which are tethérom the Karavanke range
with the Labot fault west of the project area. bjuer transitional zone borders
Pohorje Fm. to the south, while to the north; itig by Raba Line and continues
under tertiary sediments to the Austrian territory.

In the central part of the Pohorje Mountains, gchoite batholith with transition to
subvolcanic dacite intruded the formation in Low&incene. Contact aureole with
metamorphic rocks is just some tens of meters thtcis more pronounced in the
western Pohorje Mountains area in contact with gnade Magdalensberg slaty
rocks and is represented by hornfelses and skiaciiés).

The upper part of the Pohorje Fm. rocks is mostroftnylonitized and locally
phyllonitized, yielding strong foliation with subtipontal to gentle dip in the central
part of the project area and moderate dip in thegmal (southern, northern and
eastern) parts of the Murska Sobota high. Accortbnidpe seismic profiles marginal
parts of the Murska Sobota high show gentle foldamgl intense faulting due to
proximity of the main east-west trending reactidatectonic zones (the Radgona-
Vas and the Ljutomer tectonic half-grabens) wheeasé fracture porosity was
formed.

The Murska Sobota high reaches the highest thiskiregshe central part of the
massif. It is bounded by northern (Radgona-Vas asibl) and southern strike-slip
grabens (Ptuj-Ljutomer subbasin) forming Radgona-¥ad Ptuj-Ljutomer fault
zones. Transversely sigmoidal depressions formedhe western Maribor subbasin
and the eastern Murarség subbasin (hamed sensu Jelen and Rifelj, 20@).
eastern continuation of the Pohorje formation @loealpe-Pohorje-Wolz unit) was
deeply sank along a strong detachment fault anteduwnder several thousand
meters of Mesozoic to Cenozoic sedimentary seqeandde Pannonian basin.

11.Tectonic situation: The Pohorje Formation represéiné south easternmost part of

the Upper Austroalpine nappe pile (UAA) and belongsthe Koralpe-Pohorje-
Wodltz mega-unit in the project area. Its formatisnnterpreted in six main tectonic
phases. The most pronounced structures were fordwethg the Cretaceous
collisional deformation (D1), which lead to the pagormation of the pre-Cenozoic
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basement. The Pohorje and Kozjak (comprising Kdk@nmassifs and probably
also the Murska Sobota high were tectonically exédiralong several low-angle
detachment faults (Jelen et al. 2006) in Late Cextas (D2 deformational phase).
So-called extensional allochtons developed abogeethumed units, to which the
Graz Paleozoic and also the Transdanubian Rangebdloing. At the same time in
Slovenian territory restricted basins evolved, whwgere filled with Gosau type
sediments. Subsequent late Oligocene strike-slgh thnusting of the D3 phase
dismembered the basement in a convergent regimethel Early Miocene rifting
(D4 phase) Pohorje and Kozjak blocks and Murskao&ohigh were detached from
the Austroalpine hinterland. Granodiorite intrudietb the Pohorje metamorphic
sequence. The whole area was synchronously ccuwedotand subsided toward the
east in the Late Miocene D6 structural phase. Th&e LSarmatian strike-slip
deformation (D5), which should have resulted inoaeccomplex formation (after
Jelen, 2006) cannot be clearly proven in this pérthe project area. The latest
deformation D7 comprises uppermost Miocene to Qunatg structural inversion in
a compressional regime, which is still active. Trenspressional Murska Sobota
block was rotated in the ccw sense and tilted tdwiéwe north, causing slight
asymmetric closure of the northern Radgona-Vastecerosional half graben.

Kobansko and Phyllite formation CaOph
This unit represents two unified formations, Kodamand Phyllite formation, which are
merged by the phyllonite to mylonite layer benaatiin thrust units on the basement map.

N
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Synonyms, correlated formations in partner coustido synonyms.
Lithology:
Mainly: Chlorite-amphibole (dark green, fine to med grained) and biotite
chlorite schists (greyish green, fine to mediumrggd) and quartz sericite phyllite
(greenish grey, fine grained)
Subordinately: Phyllite includes lenses of recigied iron dolomite and
Rarely: metakeratophyre and its tuff and recryigiadl limestone
Facies: upper greenschist (Kobansko Fm.) to migdenschist metamorphic facies
(Phyllite Fm.)
Paleoenvironment: active continental margin withcamepanying (shoshonitic)
volcanic activity
Thickness: 0 to about 800 m, all three merged sempsecan well exceed 1000 m in
places. West of the project area in the westerroi®ltheir thickness is estimated to
about 1000 m, regardless phyllonite to myloniteslev
Average sandiness rate: -
Porosity type: fracture
Estimated porosity: low to medium within the thrasd strike-slip zones.
Tendencies mainly in time: Polyphase metamorphosethplex, progressive
metamorphism probably of Cretaceous age, though weldt constrained yet.
Retrogressive metamorphism took place mostly dudpger Cretaceous thrusting
and uplift within thrust zones, where phyllonitedanylonites were formed.

10.Tendencies mainly in space: This complex thrust aocurs at northern part of the

Murska Sobota high. It consists of the deepestj&troverthrust, which consists of
greenschists and chlorite-amphibole schists andthgograd overthrust of phyllite
above. Below both thrust sheets phyllonites wekeld@ed locally, while mylonites
are found just in the upper parts of the Pohorje No borehole cut the entire
thickness of the unit; therefore its real thicknessunknown. According to data
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interpretation it reaches the highest thicknesaaadjt to relatively small lenses of
carbonate rocks at the northernmost end of thenb@sieemerging from underneath
the Badenian Fm. The thrust sheets thin out irstluth-southeast direction.

11.Tectonic situation: The chlorite-amphibole and iotchlorite schists represent

lower thrust sheet of the described unit, occurrmmediately above the phyllonite
to mylonite layer. They belong to Strojna overthruBhe rocks were probably
formed in a pull-apart basin from primary basaltl @andesite and corresponding
tuffs (Hinterlechner-Ravnik & Moine, 1977). Quasgricite phyllite is locally thrust
onto the Strojna thrust, but locally directly orttte Pohorje Fm. and represent
Dravograd thrust sheet. Strojna and Dravograd thiare together part of the Krsko
nappe (Gurktaller Decke), forming its imbricateteimal structure.

Magdalensberg Formation OSsh
In the Slovenian part of the project area, thisrfation comprises lower part of tl@C_Tr,
namely the entire Silurian slaty formation.

1.

W
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Synonyms, correlated formations in partner coustriBalatonfkajar, Lovas,
Alséors, Szabadbattyan, Polgardi, Kékkat Urhida $sniNemeskolta Fm, Mihalyi
Fm in Hungary, comprising also Carboniferous rockf&agdalensberg Fm. in
Austria, but is not shown separately on the baseémep there.

Lithology: The Magdalensberg series consists of fests. The lower part is
characterized by sandy clayey marine sedimentatielding slates and with acid
tuffs and tuffites together with lenses of marmedzimestone. In the upper part
finer material was deposited, consisting of grdemisd violet slates with lenses of
limestone and ferrous dolomite, indicating basieping. The rocks are intruded
by diabase sills and extrusives accompanied byespanding tuffs. Diabases are
spilitized.

Facies: Lowermost greenschist facies

Paleoenvironment: Mainly: Oceanic realm of the ®&tthys, probably at
culmination of continental rifting (Loeschke & H&soh, 1994). The geochemical
composition of spilites indicates their intraplategin in the extensional zones of
the crust.

Thickness: 0 and up to about 1000 m

Average sandiness rate:

Porosity type: Fracture porosity

Estimated porosity: Impermeable to low porosity

Tendencies mainly in time: The Magdalensberg Fmwshbnning upward in a
general sense. The lower part is older, presunmaiBylurian age and slightly siltier.
The upper part shows strong influence of basicarokm and contains diabase sills.
This part of the formation is presumably of Devonaae.

10.Tendencies mainly in space: The lower part of thagtihlensberg Fm shows

characteristics of terrestrial origin (silty ma#d)j while the upper part is mostly

pyroclastic and volcanic. From Austria, where tloenfation reaches the widest
spread, it extends to Slovenian territory. Heredtupies just a small area in the
westernmost part of the project area and is thmroot toward the south and

southeast. The easternmost occurrence is deteetdthe village Somat in the

Som-1 borehole northeast of Maribor. It indicatee same characteristics as the
phenomenon west of the Labot fault near Ravne madkem.

11. Tectonic situation: The Magdalensberg Fm represgmisft pull-apart basin, where

diabase indicates initial rift volcanism. It belentp Remschnig nappe, which is
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partly thrust onto phyllites of the Kobansko andylkte formation (SD_Sa) or
directly to the Pohorje Fm in the westernmost péthe project area. The few K-Ar
radiometric data indicate Cretaceous age of itkwegtamorphism.

Upper Paleozoic and Mesozoic formations in general Pz-Mz
Under this name several formations are encountevaath due to lack of data were
not possible to differentiate. Separate formatiares represented under the Paleozoic
and Triassic formations.

Triassic (T+T>) siliciclastic and carbonate formations T_L
These formations represent eastward continuatidheo€fomplex structure of Lower to
Middle Triassic sequences from the west, detachewigathe Labot fault. They are
interpreted to be spread within the Ljutomer traosal tectonic zone at the southern
part of the Slovenian project area. Here, WerfenTAb, Anisian dolomite Fm Tach
and Wengen Fm T2Is are comprised, described inrega@ant formations.

4. ADRIA DERIVED RETROWEDGE SOUTHERN ALPS, DINARIDES NAPPE
SYSTEM

Taska, Som, lgal; Savoly, Murakeresztir, Ujudvar  T23 _SKcb

Synonimes, correlated formations:

Lithology: limestone, dolomite, marl, tuff, radioite

Facies: platform, basin

Paleoenvironment: shallow marine shelf, intraplatfdasin

Thickness: ?

Average sandiness rate:

Porosity type: karstic

Estimated porosity: medium/large

Tendencies mainly in time: platform dolomites aimdestones below, marls and

tuffitic limestones of basin facies above

10. Tendencies mainly in space:

11.Tectonic situation: Mid-Hungarian Unit, passive toental margin of the
Neotethys

CoNoOoO~wNE

Ujfalu, Tab P_SK

Synonimes, correlated formations: Trogkofel Fm |&ephon Fm
Lithology: marl with limestone, sandstone, dolomite

Facies: siliciclastic—carbonate ramp

Paleoenvironment: shallow marine shelf

Thickness: ?

Average sandiness rate: 5%

Porosity type: karstic/fissure

Estimated porosity: low/medium

Tendencies mainly in time: marls with limestoneemstlations below, sandstone
middle, dolomite above

10. Tendencies mainly in space:

11.Tectonic situation: Mid-Hungarian Unit, rifting pd&aof the Neotethys

CoNoohrwWNbE
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5. VOLCANIC, SUBVOLCANIC, PLUTONIC BODIES

Young basanites and tuffites Mb_surf

CoNooRWNE

Synonyms, correlated formations:
Lithology: volcaniclastics, basalts

Facies: young volcanic buildups
Paleoenvironment:

Thickness: 100 - 200 m

Average sandiness rate:

Porosity type: fissure, intergranular
Estimated porosity: low to medium (5 - 8%)
Tendencies mainly in time:

10 Tendencies mainly in space:
11.Tectonic situation: Within plate basalts of Plioeeage

Miocene vulcanites Mbzt_surf
1. Synonyms, correlated formations: Gleichenberg-,t@¥eiorf vulcanites
2. Lithology: trachytes, trachyandesites, dacite, Bboge
3. Facies: volcanic
4. Paleoenvironment: volcanic buildups in evolvingrity basin
5. Thickness: 500 - 2500 m
6. Average sandiness rate:
7. Porosity type: fissure
8. Estimated porosity: low (3%)
9. Tendencies mainly in time: initial volcanism in Igatian, lasting until Badenian

10. Tendencies mainly in space:
11. Tectonic situation: Within plate basalts of Mioceye

Peripannonian pluton Fm Mlgr
This unit comprises Lower Miocene granodiorite wittansition to subvolcanic dacite
intruded in the Pohorje Formation. It occurs orfesee in the Pohorje massif.

N =

how

©ooNOOO

Synonyms, correlated formations in partner cousiiido
Lithology:
Mainly granodiorite and dacite
Subordinately tonalite, lamprophyre and riodacite
Rarely gabbroic rock cizlakite, aplite-pegmatite
Facies: magmatic
Paleoenvironment: Intraplate rift related intrusioannected to the extensional
processes of the Pannonian basin formation.
Thickness: not known
Average sandiness rate:
Porosity type: fracture
Estimated porosity: impermeable to low
Tendencies mainly in time: not known

10 Tendencies mainly in space: not known
11.Tectonic situation: The granodiorite intrusion egents igneous body intruded into

the metamorphic rocks of the Pohorje and MagdakmgsBormations and small
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Mesozoic cover, representing Pohorje Mountainsotectmassif. The whole area
was tilted and ccw rotated along the Labot fault.

4.2.2  Formations on Pre-Lower Miocene horizon map (Tertiay) (Encl. 1.12.)
Many and Torokbalint Formation Olb

1. Synonims: “Toérokbalint Sandstone” Correlated foriovad in partner countries:

Pletovarje Fm, Govce Fm — SL, Lucenec Fm, KovacawvdS- SK

2. Lithology: coarse and fine grained sandstone

3. Facies: shallow sublittoral-littoral and brackisgéonal

4. Paleoenvironment: shallow marine, near-shore

5. Thickness: 200-500 m

6. Average sandiness rate:

7. Porosity type: intergranular

8. Estimated porosity: medium

9. Tendencies mainly in time: the lower part is finmiged sandstone and clay

(Solymar Member), the top part has some calcarebns, grained sandy silt
intercalations (Kovacov Member)

10. Tendencies mainly in space: heteropic facies vghtérrestrical Csatka Fm
11.Tectonic situation: transgression on the NW-errt phthe paleogene flexural basin

Csatka Formations Olf

1.

COoNoGhRWND

Synonims: Correlated formations in partner coustrigletovarje Fm, Govce Fm —
SL, Lucenec Fm, Kovacov Sand — SK

Lithology: clay, clay marl, sand—sandstone, grasehglomerate

Facies: fluvial-lacustrine—paludal

Paleoenvironment: terrestrical

Thickness: 10 to more than 500 m

Average sandiness rate:

Porosity type: intergranular

Estimated porosity: medium/high

Tendencies mainly in time: -

10 Tendencies mainly in space: heteropic with Many Fm
11. Tectonic situation: transgression on the NW-ern pbthe paleogene flexural basin

Szépvolgy Formation E3ls

1.

N

'—‘©.°°.\‘.°’P"P.°°

Synonims: “Upper Eocene limestone sequence”, “Nagy®rmation” Correlated
formations in partner countries: -

Lithology: light grey limestone and calcareous manith Nummulites,
discocyclinids, Lithothamnium frequently occurrimgmass

Facies: platform and sublittoral facies

Paleoenvironment: shallow marine carbonate ramp

Thickness: 10-250 m

Average sandiness rate: -

Porosity type: karstic and fissure

Estimated porosity: medium to large

Tendencies mainly in time: marl is above

0 Tendencies mainly in space: limestones are in dgierconnection Buda Marl
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11. Tectonic situation: new Late Eocene cycle carbomatke paleogene flexural basin

Padrag, Tokod and Lencsehegy Formations E2-3ml

1.

2.

w
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Synonims, Correlated formations in partner coustr&cka Beds — SL; Lubina Fm,
Jablonka Fm — SK

Lithology: Grey, greenish grey silty marl, with tateous and bentonite strips,
tuffite intercalations, sandstone sections.

Facies: from shallow pelagic to bathyal, and prdgra deltaic, prodeltaic and
alluvial fan

Paleoenvironment: basin-slope and basin, and shatlarine siliciclastic ramp
Thickness: 100-300 m

Average sandiness rate:

Porosity type: no on the lower part, intergranaiarthe upper part

Estimated porosity: no/low

Tendencies mainly in time: the lower part is glanitio calcareous marl, the upper
part includes some turbiditic sediments at plages sandy or glauconitic sandy
layers

10.Tendencies mainly in space: sediments are thickehcdayey toward the basin,

there is sand intercalation toward the basin margin

11.Tectonic situation: deep basin in flexural syncline

Sz ¢ Formation E2Is

1.

OCONOOH®

Synonims: “Nummulitic limestone”, Correlated fornmats in partner countries:
Alveolina, Nummulites limestone — SL

Lithology: Light grey, yellowish grey limestone,efjuently with a large nodular
texture, and often with large foraminifers in akdorming quantity (Nummulites,
Alveolina, Assilina, Discocyclina).

Facies: shallow marine platform and sublittoraidac

Paleoenvironment: near-shore shallow water

Thickness: 10-300 m

Average sandiness rate:

Porosity type: fissured, karstic

Estimated porosity: locally strongly fractured

Tendencies mainly in time: basal part consist beeend uppermost part consist
marl

10.Tendencies mainly in space: there is interfingefyagin sediments (marl, marly

limestone — Csolnok Fm)

11.Tectonic situation: margin of the flexural basin

Pletovarje Formation Olf

1.

Noohkwh

Synonimes, correlated formations in partner coastrin Hungary, this formation
corresponds to the Csatka Fm. In Austria no sindégosits are known as there is
whole Mura — Zala basin in between.

Litology: Mainly: sandy marl, Rarely: sandstone

Facies: Not interpreted

Paleoenvironment: lacustrine

Thickness: not known

Average sandiness rate: 30 %

Porosity type: intergranular
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8.
9.

Estimated porosity: medium to low
Tendencies mainly in time: not known

10.Tendencies mainly in space: The Oligocene Pleteviagrmation is present along

the southernmost margin of the supra area. Itveldped only on the southern side
of the Ljutomer Belt.

11.Tectonic situation: Initial extension ?

Govce Formation Olb

1.
2.

w
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Synonimes, correlated formations in partner coastri

This formation doesn’t have adequate counterpartHumgary, but the time
equivalent may be the Torokbalint Sandstone oMbay Formation.

Litology: Mainly: sand and sandstone; Subordinatetalcareous silt, clay,
variegated clay, conglomerate, coal glauconiticdstone

Facies: not interpreted

Paleoenvironment: mainly: intertidal, brackish, suinately: lacustrine

Thickness: not known

Average sandiness rate:50 %

Porosity type: intergranular

Estimated porosity: medium

10 Tendencies mainly in time: not known
11.Tendencies mainly in space: at the southernmostotighe supra area at the

Slovene/Croatian border

12. Tectonic situation: Initial extension

4.2.3  Formations on Pre-Badenian horizon map (Encl. 1.1D.
Kiscell Formation Olmf
1. Synonims, Correlated formations in partner coustri¢rabnik Fm — SK
2. Lithology: light grey, argillaceous, calcareoud,sslay marl
3. Facies: open marine
4. Paleoenvironment: shallow bathyal basin
5. Thickness: 30-1000 m
6. Average sandiness rate: fine grain intercalatiowsfuxoturbidites
7. Porosity type: intergranular
8. Estimated porosity: low
9. Tendencies mainly in time: fine-grained sand irdi&tons at its lower part, rarely

with pebbly fluxoturbidites at its upper part

10. Tendencies mainly in space: heteropic with Harstegydstone Fm
11.Tectonic situation: uplifted NW-ern, and subsideh&E-rn part of the Paleogene

Basin in the tectonic development of the paleodkxxeiral basin

Harshegy Sandstone Formation Olc

1.

2.

Synonims: “lharkat Formation”, Correlated formatsoim partner countries: Ciz Fm
- SK

Lithology: dominantly of coarse-grained sandstdoeally fine-grained sandstone,
with intercalations of conglomerate and fire-clgpssibly coal seams (Esztergom
Coal Member)

Facies: marine, littoral or shallow sublittoral
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4. Paleoenvironment: near-shore, shoreline
5. Thickness: 20-200 m

6. Average sandiness rate: -

7.
8
9.
1

Porosity type: fissure and intergranular

. Estimated porosity: medium

Tendencies mainly in time: top part includes somelikitic sandstone

0.Tendencies mainly in space: heteropic interfingemvith Kiscell Clay Fm to the

east

11.Tectonic situation: uplifted NW-ern, and subsideh&E-rn part of the Paleogene

Basin in the tectonic development of the paleodkxeiral basin

Transition of the Csatka Formation and Many andokirlint Formations OIf — Olb
see before

Szentmihaly Andesite Formation E2-3a
1. Synonims, Correlated formations in partner coustrie

N
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Lithology: Biotite-amphibole andesite lava, piratls subvolcanic bodies, intrusive
guartzdiorite

Facies: subvolcanic

Paleoenvironment: submarine and terrestrial

Thickness: 1000 <

Average sandiness rate:

Porosity type: fissure

Estimated porosity:

Tendencies mainly in time:

10 Tendencies mainly in space:
11. Tectonic situation: behind of the subduction zone

Gant Bauxite Formation Ebx
1. Synonims: -
2. Lithology: Red, pinky red, fine grain bauxite, b#ix clay, kaoline clay, bauxite

©CONOO W

with extraclast and intraclast lenses, Correlateanétions in partner countries:
Brezova Group — SK

Facies: terrestrial, fluvial, lacustrine

Paleoenvironment: karstified surface

Thickness: 1-50 m

Average sandiness rate: -

Porosity type: intergranular

Estimated porosity: low

Tendencies mainly in time: bauxite is overlain bydtMe Eocene shallow marine or
lagoon facies

10. Tendencies mainly in space: restricted lenses i@tikad holes
11.Tectonic situation: deposited on the erosion serfafdlexural basin forebulge

Fluviatile to limnic sediments M1bc

1.

Synonyms, correlated formations: Eibiswalder Bé&d#lach-Voitsberg Formation

2. Lithology: sand, clay, gravel, lingites, conglontesa breccias, tuffes
3.
4. Paleoenvironment: terrestric/limnic-siliciclastimackisch

Facies: siliciclastic, organic
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Thickness: 200 - 2300 m

Average sandiness rate: 40%

Porosity type: intergranular

Estimated porosity: medium (17%)

Tendencies mainly in time: terrestric-siliciclasticlimnic-brackisch, four cycles

10 Tendencies mainly in space: coarse to fine fromgimao basin
11. Tectonic situation: initial Synrift phase of basormation (Styrian Basin), marginal

facies

Aderklaa Formation M1bc-M1fc

CoNoOoO~wWNE

Synonyms, correlated formations: Rothneusiedl camgfate
Lithology: silty marls, sand/sandstones

Facies: siliciclastic

Paleoenvironment: limnic

Thickness: 500 - 1000 m

Average sandiness rate: 25%

Porosity type: intergranular

Estimated porosity: medium (15%)

Tendencies mainly in time: limnic-terrestric

10 Tendencies mainly in space: S-N: fluviatil to lirnho deltaic to marine
11. Tectonic situation: continuation of expansion abt®rVienna Basin to the south; on

top erosive phase

Delta sands, shoreline sands Milc
1. Synonyms, correlated formations: Lab-, Sastin Membe
2. Lithology: sands, pelites
3. Facies: siliciclastic
4. Paleoenvironment: deltaic, freshwater to brackisabordinate: shallow marine
5. Thickness: 100 - 400 m
6. Average sandiness rate: 50%
7. Porosity type: intergranular
8. Estimated porosity: medium (17%)
9. Tendencies mainly in time: limnic to limnic/brackjgegressive phase, freshwater to

limnic

10. Tendencies mainly in space: oscillating
11.Tectonic situation: transition zone from the marmarth to the limnic/terrestric

south of Vienna Basin

Leutschach sands M1lcgs

1.

Synonyms, correlated formations:

2. Lithology: sands, gravel, lignites

3. Facies: siliciclastic, rarely: organic

4. Paleoenvironment: deltaic, freshwater to brackisch,
5. Thickness: <150 m

6.
7
8
9.
1

Average sandiness rate: 50%

. Porosity type: intergranular
. Estimated porosity: medium (17%)

Tendencies mainly in time: terrestric-coarse silastic to fine siliciclastic

0. Tendencies mainly in space:
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11.Tectonic situation: initial Synrift phase of Stymidasin formation , transition zone

from terrestric to marine

Sinnersdorf Formation M1lfc

1.

Synonyms, correlated formations:

2. Lithology: gravel/conglomerates, sild, sands (matitboulders, lignites
3. Facies: siliciclastic, rarely: organic

4. Paleoenvironment: fluviatile, rarely: limnic

5. Thickness: 220 - 600 m

6.
7
8
9.
1

Average sandiness rate: 20%

. Porosity type: intergranular
. Estimated porosity: medium (15%)

Tendencies mainly in time: terrestric-coarse glastic to fine siliciclastic

0. Tendencies mainly in space: coarse to fine frongmao basins, conglomerates in

new depocenters

11.Tectonic situation: marginal sediments of new depetl subbasins/tectonic

grabens (e.g. Middle-Burgenland) of the StyrianiB&annonian-Basin-System

Luzice Formation M1m

CoNohRWNE

Synonyms, correlated formations:

Lithology: clayey marls, rarely: sandstones

Facies: siliciclastic

Paleoenvironment: shallow marine to open marine)yabrackish

Thickness: > 650 m

Average sandiness rate: 5%

Porosity type: intergranular

Estimated porosity: low (8%)

Tendencies mainly in time: from basal coarse atagbh marine -fine siliciclastic

10 Tendencies mainly in space: towards the marginré®jition to deltaic
11.Tectonic situation: initial subsidence in piggy-kaphase of Vienna Basin,

sedimentation in regions with high subsidence

Laa Formation, Styrian Schlier M1iml

CoNohRWNE

Synonyms, correlated formations:

Lithology: marls, clays, sands, rarely: tuffs
Facies: siliciclastic

Paleoenvironment: marine

Thickness: 300 - 1000 m

Average sandiness rate: 10%

Porosity type: intergranular

Estimated porosity: low (8%)

Tendencies mainly in time: marine -fine siliciciast

10 Tendencies mainly in space: towards the margirsitian to deltaic
11. Tectonic situation: sediments of regions with hagitbsidence followed by tectonic

movements with discordances
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Haloze Formation M1iml

1.

B w

'—‘©.°°.\‘.°’.U"

Synonimes, correlated formations in partner coastrihe Haloze Fm. in Slovenia
is a time equivalent of the Lower part of the TelseFm. in Hungary. The tuff beds
in the Haloze Fm. (Mbtu) may be equivalent of ther Tacite tuff. It is most
probably in connection with the Gleichenberg volcarn Austria. In Austria, the
Haloze Fm. (in time) corresponds to several foramsti The Gamlitzer Schlier,
Arnfelser Konglomerat, Leutschacher Sand, Sinnefsdéormation, Rust
Formation fit into this frame.

Litology: Mainly: Light grey conglomerate and mudtlyeccia with subrounded
pebbles up to 1 m, sandstone, light grey to sandysdty marl (no data regarding
the prevailing lithology). Subordinately: oysternka, greenish grey dacitic and
andesitic tuff.

Facies:

Paleoenvironment: Mainly: shallow marine and tdrials Subordinately: open
marine

Thickness: 0 — 1000 m

Average sandiness rate: 30 %

Porosity type: intergranular

Estimated porosity: low to medium

Tectonic situation: Corecomplex — extension

O Tendencies mainly in time: Basin formation in tloeeeccomplex extensional phase

resulted in a relatively fast sedimentation of Mysbarse to medium grained
sediments with muddy matrix, sandstone and marpoBigon took place mostly
from the Northeast in the subbasins along the wed®nic zones. Initial volcanism
is characterised by modest tuff beds in the migdi& of the formation.

11.Tendencies mainly in space: Prebadenian (Lower éfief deposits of the Haloze

formation are present in the NW along the Radgondas Subbasin between
Southburgenland Swell and the Murska Sobota Highthe Maribor Sub-basin
between Pohorje massif and Murska Sobota High,imrMureck Basin between
Southburgenland Swell and Pohorje Massif. In the ARfEbadenian deposits are
present in the East Mura — Orseg Subbasin eakeddajan fault, and in the South,
these sediments are present also in the Halozeuterhgr — Budafa Sub-basin
along the SE margin of the Murska Sobota High alwmhgathe SE margin of
Pohorje Massif.The nearshore deposits are presemg ghe Murska Sobota High
as it is fringed by the Sub-basins. The formatisrdiastically thinned along the
Bajan fault and along the faults along the Southéealand Swell. In the eastern
block of the Bajan fault the Haloze formation giwgay to the Ligeterd gravel
(M1fc).

BudafokFormation M1m

1.
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Synonyms: “Large Pecten Beds”. Correlated formation partner countries:
Slovakia. Lu ice Formation, Austria: Luschitzer &er

Lithology: yellow and grey sand of variable graiizes with unconsolidated
sandstone and intercalations of sandy clay wittblesh Has a rich fauna of Pecten,
Ostrea, Anomia etc. in some beds. 8 to 100 m.

Facies: Littoral and sublittoral

Palaeoenvironment: intertidal plain

Thickness: 80 to 100 m.

Average sandiness rate: more than 70 %

Porosity type: intergranular
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8.
9.

Estimated porosity: 10-12 %
Tendencies mainly in time:

10. Tendencies mainly in space:
11. Tectonic situation:

Ligeterd Gravel Formation M1fc

1.
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Synonyms: “Auwaldschotter”. Correlated formationspiartner countries: Austria:
Sinnersdorf Formation, Rust Formation

Lithology: grey, yellowish-grey poorly sorted gréveonglomerate, sand, matrl
Facies: fluvial-brackish-water

Palaeoenvironment:

Thickness: 400 to 500 m.

Average sandiness rate: 50 %

Porosity type: intergranular

Estimated porosity: 10 %

Tendencies mainly in time: Starting from the babe first two members
(Alsdligeterd Gravel Member and Felsgeterd Gravel Member) are fluvial
sandstones or conglomerates with pebbles derivaad the crystalline basement.
Fels ligeterd Gravel Member also contains carbonate pebbles.tAiree member
iIs brackish sand and marl, which includes thin beflscoal with Congeria
(Magasbérc Sandstone Member). The fourth membéhisfFormation is coarse
grained gravel and conglomerate (Faisll Gravel Member). The lower two
members are Ottnangian, the upper two are assignéiet Carpathian. According
to Austrian data it goes up to the lower Badenian.

10. Tendencies mainly in space: east-/south-eastwaiyftendency
11.Tectonic situation: initial phase of rifting

Egyhazasgerge Formation, F6t Formation, Budafa Fation Mlc

1.

N
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1. Synonyms: “Pecten-Chlamys-bearing sandstone”gyh&zasgerge Fm. “Lower
Mediterranean coarse-grained sediments”, “calcarsandstone of Leitha facies”,
Congeria-bearing succession — Budafa Fm. Correldtechations in partner
countries: Austria: Korneuburg Formation

Lithology: grey, yellowish-grey sand—sandstonecaadnite, gravel-conglomerate,
patch reefs, gypsum-bearing clay

Facies: shallow-marine (subordinately delta)

Palaeoenvironment: shore-line, abrasional shoai ghore

Thickness: Egyhazasgerge and FoOt Formations: semseof metres up to 600 m
Average sandiness rate: more than 50 %

Porosity type: intergranular

Estimated porosity: 5-8 %

Tendencies mainly in time: cyclic, upward-finingceassions

O Tendencies mainly in space: Budafa Fm occurs irsthghern and south-western

part of the Transdanubian area, Egyhazasgerge anédfmations occur in the
north-eastern part of the SupraArea

11. Tectonic situation: synrift
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Zavod Fm., Lak3ary Fm. Mkb

1.
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Synonymes, correlated formations in partner coestriTekeres Schlier, Garab
Schlier

Lithology (colour, texture, grainsize): Open-marsik, sandy clay, clay marl
Facies: basinal,

Paleoenvironment: open marine

Thickness: up to 2000 m

Average sandiness rate: 5%

Porosity type: no

Estimated porosity: no

Tendencies mainly in time: shallowing-upward treimtreasing portion of sandy
layers upward

10. Tendencies mainly in space: continuous conectiaiménNE Vienna Basin toward

the NW Danube Basin, in the higher part with aalelt Jablonica Conglomerates
between the basins

11.Tectonic situation: transtension and pull apartnopg of the Vienna Basin

4.2.4  Formations on Pre-Sarmatian horizon map (BadenianfEncl. 1.8.)
Delta sands, shoreline sands, conglomerates Mbc
1. Synonyms, correlated formations:
2. Lithology: sand (sandstones), siltstones, gravah@tomerates), rarely: breccias
3. Facies: siliciclastic
4. Paleoenvironment: deltaic-marine, subordinate:idltie to marine shorefacies
5. Thickness: 50 - 500 m
6. Average sandiness rate: 60%
7. Porosity type: intergranular
8. Estimated porosity: medium to high (20%)
9. Tendencies mainly in time: deltasands with transgjue-regressive cycles and

intercalations of mud (mudstones)

10. Tendencies mainly in space: laterally interfinggria basinal facies
11.Tectonic situation: onset of pull-apart phase oénria Basin formation, large

deltasediment input from W

Marl, silt, sand, gravel Mbc-Mbmf

1.
2.

W
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Synonyms, correlated formations:

Lithology: marl (marlstones), sand (sandstones)avegr (conglomerates),
limestones, rarely: breccias, coal seams

Facies: siliciclastic, subordinate: carbonaticelarorganic

Paleoenvironment: deltaic-marine, subordinate: ifltie to marine shorefacies,
rarely: paralic

Thickness: 300 - 1200 m

Average sandiness rate: 25%

Porosity type: intergranular

Estimated porosity: medium (15%)

Tendencies mainly in time: fining upward
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10.Tendencies mainly in space: N-S: from paralic/faie to deltaic/shorefacies to

basinal with lateral clastic input (Styrian Basin)

11.Tectonic situation: Postrift (wide rift) phase obsidence in Styrian Basin

Leitha Limestone-Formation Mbls

1.
2.
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Synonyms, correlated formations:

Lithology: Leitha limestone (Corallinaceen limestdn subordinate: calcareous
sandstones, sand (sandstones), rarely: congloreerate

Facies: carbonatic, subordinate:: siliciclastic

Paleoenvironment: shorefacies to shallow marinkoslinate: fluviatile to marine
shorefacies

Thickness: 10 - 60 m

Average sandiness rate:

Porosity type: karstic, intergranular

Estimated porosity: medium to high (24%)

Tendencies mainly in time: on margins frequentlprse to fine clastics on base
grading into massiv limestones, on basinal high®raalations of calcareous
sandstones in deltafacies

10. Tendencies mainly in space: basinwards gradingdatotal limestones
11.Tectonic situation:reefal buildups on margins, ngle and basinal highs (Styrian

Basin and Vienna Basin)

Leitha Limestone-Formation Mbls-Mbmf

1.
2.
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©oOoNOO

Synonyms, correlated formations:

Lithology: Leitha limestone (Corallinaceen limestdn subordinate: calcareous
sandstones, sand (sandstones), rarely: congloreerate

Facies: carbonatic, subordinate:: siliciclastic

Paleoenvironment: shorefacies to shallow marinkoslinate: fluviatile to marine
shorefacies

Thickness: 10 - 60 m

Average sandiness rate:

Porosity type: karstic, intergranular

Estimated porosity: medium to high (24%)

Tendencies mainly in time: on margins frequentlprse to fine clastics on base
grading into massiv limestones, on basinal high®raalations of calcareous
sandstones in deltafacies

10. Tendencies mainly in space: basinwards gradingdatotal limestones
11.Tectonic situation: reefal buildups Leitha moungain

Baden clay Mbmf

NGO RAWNE

Synonyms, correlated formations:

Lithology: clayey marls (marlstones), clay (claysts), silt (siltstones)
Facies: siliciclastic, subordinate: carbonatic

Paleoenvironment: shallow marine basinal

Thickness: 700 - 1000 m

Average sandiness rate: 5%

Porosity type: intergranular, fissure

Estimated porosity: low (8%)
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9.

Tendencies mainly in time: Regressive phase on ha$le conglomerates,
Badenian transgression, basinal facies with feedimstic intercalations, regressive
phase on top

10.Tendencies mainly in space: basinal facies in aéntienna basin (Marchfeld

depression) and in stillwater regions in the sauth@sin

11.Tectonic situation: Onset of pull-apart phase oénvia Basin formation, main

subsidence bound on large fault system

Weissenegg-Formation (partim) Mkb-Mbmf

CoNoOoGhRWNE

Synonyms, correlated formations:

Lithology: pelites, marls, argillites, rarely: gel\(conglomerates)

Facies: siliciclastic, subordinate: carbonatic

Paleoenvironment: shallow marine basinal, parttitlitic, subordinate: shorefacies
Thickness: 200 - 600 m

Average sandiness rate: 10%

Porosity type: intergranular

Estimated porosity: low (8%)

Tendencies mainly in time: basinal facies gradimg to shorefacies of the margins
and local highs, transgressive-regressive cycles

10. Tendencies mainly in space: basinal facies in Gnasbasin of Styrian Basin
11. Tectonic situation: postrift (wide rift) phase aftsidence in Styrian Basin

Lower part of the Spilje formation (Sentilj Mb. aHdastovec-Kresnica Mb.
(Mbls)) interfingering with Ptujska Gora - Kog foation (Mbsc)

B w
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Mkb-Mbmf

Synonimes, correlated formations in partner coastrThe lower part of the Spilje
Formation is an approximate time equivalent ofupper part of the joined Tekeres
and Szilagy Formations in Hungary. In Austria, tmember corresponds to the
“Mbc” unit, not defined as a formation in the legerconsisting of delta sands,
shoreline sands and conglomerates

Litology:

Mainly: alternation of silty marl, clayey marl arshndstone (Sentilj Member)
Subordinately: alternation of sandstone, sand, \samakl, silty marl, clayey marl,
conglomerate, gravel, breccia, algal limestonepuhite and coal (Ptujska gora —
Kog Formation)
Rarely: discrete occurences of algal limestone gtérgec — Kresnica Member)
Facies: Not interpreted

Paleoenvironment: Mainly: shallow marine, Subortiéha open marine in the sub-
basins

Thickness: 0 — 850 m

Average sandiness rate: 30 %. Less permeable seidime expected in the basins,
so mainly in the easternmost part of Slovenianittey, while in the shallow
depositional environment where the formation thedsis less than 300 m, more
sand is expected in alteration with marl. Also Btajska gora — Kog Formation in
the southern part of the Supra area is entirelijashavater and fluvial and therefore
more permeable.

Porosity type: intergranular

Estimated porosity: low to medium

Tectonic situation: Post rift and first compressibphase.
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10.Tendencies mainly in time: A transgression in tbevdr Badenian caused large

flooded areas where shallow marine depositionalirenment prevailed. The
transgression induced sedimentation of the hengpelmud in the basins, and
deposition of the limestone and sand in floodedasreéSimultaneously also the
subsidence of the basins still generated new acamfation space. In the distal
basins sedimentation rate dropped (starved basini4d in the proximal ones mud-
rich turbidites took place.

11.Tendencies mainly in space:lt is present in thedE of the Slovenian territory

except on the Murska Sobota High and in the angcéit the southern margin of the
Supra area south of the Murska Sobota High. Invtbeska Sobota High and in the
western part of the area the basins were partedfilp with sediments by the Lower
Badenian, so this area is characterised by predamty shallow water sands,
limestone occurences and marls. To the east, thiedaere still evolving hosting

predominantly less permeable fine grained sedintientaln the south, the Ptujska
gora — Kog formation is also characterized by siallvater permeable deposits.

Badenian Breccia Mbbr
1. Synonyms: — Correlated formations in partner coestr—
2. Lithology: polymict basal breccia made up of metgohic and carbonate clasts,
coarse-grained sand and silt, clay marl, with stomsbeds
3. Facies: —
4. Palaeoenvironment:
5. Thickness: from 30—40 m up to more than 300 m (866 borehole Raj—1)
6. Average sandiness rate: not characteristic
7. Porosity type: intergranular, fissure
8. Estimated porosity: 3—10 %
9. Tendencies mainly in time: —

10. Tendencies mainly in space: —
11.Tectonic situation: synrift

Lajta Limestone Formation Mbls

1. Synonyms: “Leithakalk”. Correlated formations inrtper countries: Studienka
Formation: Slovakia; Spilje Formation (Hrastovee&nhica Member): Slovenia

2. Lithology: grey, greyish-white, greyish-yellow biegc (corallinacean algae—
foraminifer—mollusc-bearing) limestone, calcarenitecalcareous molluscan
sandstone, pebbly limestone and calcareous markcagimally glauconitic
contamination can be seen

3. Facies: marine

4. Palaeoenvironment: shallow-marine, reef

5. Thickness: generally less than 100 m

6. Average sandiness rate: low

7. Porosity type: intergranular, fissure, karstic

8. Estimated porosity: 3—10 %

9. Tendencies mainly in time: on the basis of strap@ic position the formation is

divided into two members in the study area, i.ewdr Leithakalk” (Lower
Badenian) and “upper Leithakalk” (Upper Badenian)

10. Tendencies mainly in space:
11.Tectonic situation:

116



Pusztamiske Formation Mbc
1. Synonyms: “Lower Tortonian clastic succession”. I€@ated formations in partner
countries: Spance Formation, Jakubov Formation: Slovakia; Hal@@mation
(Naraplje-Cirknica Member): Slovenia
2. Lithology: grey, yellowish-grey gravel and conglamate at the bottom; it is overlain
by calcareous, occasionally glauconitic sand, losaadstone, with calcareous
siltstone and marl intercalations, occasionallyhwiblcanic tuff, tuffite in some
places.

Facies: marine

Palaeoenvironment: abrasional shore, near-shafealtow marine

Thickness: 100 to 250 m

Average sandiness rate: 30%

Porosity type: intergranular

Estimated porosity: 5-6 %

Tendencies mainly in time:

O Tendencies mainly in space: gravel and conglomeetecharacteristic along the
abrasional shores in the western forelands of ta@sSdanubian Range. Grain sizes
decrease towards the West (towards the open shajewt interfingers with pelitic
basinal sediments.

11.Tectonic situation: synrift

"10.00.\‘.0’9"%90

Tekeres Schlier Formation — Garab Schlier Formatiand Szilagy Clay Marl-Baden

Formation— Tekeres Schlier together Mkb—Mbmf
1. Synonyms: “Styrian Hauptschlier” — Tekeres Fm. “Hlan Schlier” — Garab
Fm. “Turritella—Corbula beds” — Szilagy Clay Mamfnation
Correlated formations in partner countries: For &rek Schlier—Garab Schlier
Formations: Z&vod Formation, LakSary Formation:v8kia; Haloze Formation
(Stoperce-Kungota Member and PleSivec-Urban MemBéoyenia
For Szilhgy—Baden-Tekeres Formations: Bahon — Pézhs, Bajtava Fm (D):
Slovakia, Studienka, Lan hot and Madunice Fms (Mpvakia, Lower part of Spilje
Fm and Ptujska Gora-Kog Fm; Spilje Fm Sentilj MbSlevenia
2. Lithology: grey, greenish-grey fine-grained sandly sandy clay and clay marl, un-
consolidated silty sandstone, calcareous marl aradcaeous sandstone.
Occasionally tuffite stringers appear.
Facies: marine
Palaeoenvironment: near-shore to off-shore open-sea
Thickness: up to 800 m
Average sandiness rate: 10 %
Porosity type: intergranular
Estimated porosity: 5 %
Tendencies mainly in time: cyclically alternatireng—silt—clay
10 Tendencies mainly in space:
11.Tectonic situation: synrift-postrift

CONOO bW
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Szilagy Clay Marl-Baden Formation—Tekeres Schbgether Mkb—Mbls—Mbmf

1.

N
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Synonyms: “Styrian Hauptschlier” — Tekeres Fm. ‘fitella—Corbula beds” —

Szilagy Clay Marl Formation

Correlated formations in partner countries: BahoRozba Fms, Bajtava Fm (D):
Slovakia, Studienka, Lan hot and Madunice Fms (Mpvakia, Lower part of Spilje

Fm and Ptujska Gora-Kog Fm; Spilje Fm Sentilj MbSlevenia

Lithology: grey, greenish-grey fine-grained sandly sandy clay and clay marl, un-
consolidated silty sandstone, calcareous marl altduieous sandstone.

Facies: marine

Palaeoenvironment: near-shore to off-shore, opsmba

Thickness: up to 800 m

Average sandiness rate: 8-10 %

Porosity type: intergranular, karstic (fissure)

Estimated porosity: 5 %

Tendencies mainly in time: cyclically alternatirang—silt—clay

10 Tendencies mainly in space:
11. Tectonic situation: synrift-postrift

Tekeres Schlier Formation — Garab Schlier Formatéond Lajta Limestone and Szilagy Clay

Marl-Baden Formation— Tekeres Schlier undivided Mkb—Mbls—Mbmf

1. Synonyms and Correlated formations: see above

2. Lithology: grey, greenish-grey fine-grained sandty sandy clay and clay marl, un-
consolidated silty sandstone, calcareous marl ahchieous sandstone with algal
limestone interbeddings.

3. Facies: marine

4. Palaeoenvironment: near-shore to off-shore open-sea

5. Thickness: 200 to 800 m

6. Average sandiness rate: 8—10 %

7. Porosity type: intergranular, karstic (fissure)

8. Estimated porosity: 5 %

9. Tendencies mainly in time: cyclically alternatireng—silt—clay

10.Tendencies mainly in space: during maximum trarsgio@ it unconformably

overlies the Paleo-Mesozoic basement

11.Tectonic situation: synrift-postrift

Tekeres Schlier Formation — Garab Schlier Formatzml Pusztamiske Formation and Lajta
Limestone and Szilagy Clay Marl-Baden Formationkefes Schlier undivided

N =
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Mkb—Mbc—-Mbls—Mbmf

Synonyms: see above

Lithology: grey, greenish-grey fine-grained sandty sandy clay and clay marl, un-
consolidated silty sandstone, calcareous marl ahchieous sandstone with algal
limestone interbeddings.

Facies: marine

Palaeoenvironment: near-shore to off-shore open-sea

Thickness: 200 to 800 m

Average sandiness rate: 8-10 %

Porosity type: intergranular, karstic (fissure)

Estimated porosity: 5 %

Tendencies mainly in time: cyclically alternatirang—silt—clay
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10. Tendencies mainly in space:
11. Tectonic situation: synrift-postrift

Hidas Formation Mbf

hPwpE
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Synonyms: —, Correlated formations in partner toest —

Lithology: brown coal-bearing clay, marl, calcarsanarl

Facies: brackish-water

Palaeoenvironment: semi-restricted or restictedineasn the area of the
Transdanubian Range

Thickness: some tens of metres

Average sandiness rate: low

Porosity type:

Estimated porosity: less than 10 %,

Tendencies mainly in time:

10 Tendencies mainly in space:
11.Tectonic situation:

Cserszegtomaj Formation — Vorosté Formationst Variegated Clay Formation

B w
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Mbst

Synonyms: “Cserszegtomaj Kaoline” — Cserszegtomajnfation, “Miocene
bauxite” — VOroéstd Formation; Correlated formationgartner countries:—

. Lithology: Cserszegtomaj Formation: yellowish-whiteale yellow or ocherous

halloysite and kaolinite-bearing deposits
Vorostd Formation: reworked red clay of bauxitegori, and bauxitic clay of
terrestrial facies, occasionally with Fe-rich baexpebbles. Maximum thickness: 30
to 35 m.

si Formation: grey, greenish-grey, ocherous andoweth-red, disintegrated
variegated clay, clay marl, silty clay with nodukamd shiny slump surfaces; light
grey or yellowish-white mottled calcareous marl dingestone with carbonaceous
clay intercalations.
Facies: continental
Palaeoenvironment: Cserszegtomaj Fm and Vorosté Kamstifying terrain under
warm and humid climate in the south-western pathefTransdanubian Rangesi
Fm: basin margin, shallow lakes
Thickness: some tens of metres
Average sandiness rate: less than 10%
Porosity type: intergranular
Estimated porosity: less than 5 %
Tendencies mainly in time:

10 Tendencies mainly in space:
11.Tectonic situation:

Bajtava Fm., Baho Fm., Madunice Fm., Pozba Fm., Studienka Fm., h@nFm., Spance

Fm., Jakubov Fm. Mbmf
1. Synonymes, correlated formations in partner coestrszilagy Clay Marl, Tekeres
Schlier, Pusztamiske Fm., Baden Fm.
2. Lithology (colour, texture, grainsize): Shallow-nme and open basin foraminiferal,
mollusc-bearing clay marl, clay
3. Facies: open marine to shallow marine, locallyhwdéltaic sand (Madunice, Gajary)
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Paleoenvironment: open marine to shallow marirmeally with deltaic sand

(Madunice, Gajary)

Thickness: very variable, up to 3000 m (Blatnérdsgion)

Average sandiness rate: 10-20%

Porosity type: intergranular

Estimated porosity: low, in deltaic sand high

Tendencies mainly in time: at least 2 depositimyales, coarsening upward

0 Tendencies mainly in space: huge conglomerateebadiMiddle Badenian on both
the W and E sides of the Male Karpaty Mts., delbaidy in the Gajary area (Vienna
Basin)

11. Tectonic situation: transtensional rifting in tlieenna Basin and extensional rifting

in the Danube Basin.
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4.2.5 Formations on Pre-Lower Pannonian horizon map (Sarratian)
(Encl.1.6.)

Kozéard Formation Msmf
1. Synonyms: “Cerithium-bearing beds”, “Ervilia bedsCorrelated formations in
partner countries: upper part of Spilje Formatiod ®tujska Gora-Kog Formation:
Slovenia; Vrable Formation: Danube Basin, Slovaklali Formation and Skalica
Formation: Vienna Basin, Slovakia, Austria
2. Lithology: grey, greenish-grey clay and clay maokcasionally of sand, un-
consolidated sandstone, calcareous marl and caleare sandstone.
Diatomite, alginite, bentonite bearing rocks (“Hevibeds”, “Sarmatian clay marl”)
are frequent in the lagoon facies.
Rocks are rich in mollusc remains (Abra, Cardiuraritbium sp etc.)
Facies: marine—brackish water
Palaeoenvironment: shallow-marine to near shooallpplagoon facies
Thickness: 100 to 150 m
Average sandiness rate: 17-20 %
Porosity type: the less tightly packed sandy Iypes have intergranular porosity
Estimated porosity: 5 %
Tendencies mainly in time: no characteristic vaittendencies.
10 Tendencies mainly in space:
11. Tectonic situation:
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Tinnye Formation Msls
1. Synonyms: Sarmatian coarse-grained limestone; @terke formations in partner
countries: Slovenia: Spilje Formation Selnica Membe
2. Lithology: yellowish-grey, whitish-yellow biogeniimestone. Occasionally it is
ooidic. It includes mollusc-bearing calcareous séme, calcareous molluscan sand
and basal gravel. Synsedimentary fracturing/lithset are characteristic
Facies: marine, brackish water
Palaeoenvironment: shoreline
Thickness: 50 to 120 m
Average sandiness rate: less than 5 %
Porosity type: intergranular, fissure and karstic
Estimated porosity: 3—10 % max. 25 %

©NOoORW
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9. Tendencies mainly in time: The lowest beds directhgrlying the basement also
contain basal gravel

10. Tendencies mainly in space: In the Sopron Mts thmeenbers can de distinguished:
the abrasion conglomerate with calcareous cemenfdf at the base (Ferékos
Conglomerate Member), the overlying limestone aadareous sand of shore facies
(Carhalma Limestone Member) and the gravel, congiabe, limestone of delta
facies (Dudlesz Gravel Member).

11.tectonic situation

Sarmatian deltasands Msls
1. Synonyms, correlated formations:
2. Lithology: sand (sandstones), gravel (conglomejates
3. Facies: siliciclastic, subordinate: carbonatic
4. Paleoenvironment: deltaic, brackisch, sandbargrslitate: estuarine/limnic to

fluviatil

Thickness: 400 - 1000 m

Average sandiness rate: 35%

Porosity type: intergranular

Estimated porosity: medium to high (27%)

Tendencies mainly in time: deltasands with transgjuwe-regressive cycles and

intercalations of mud (mudstones) (esp. Middle- @pg@er Sarmatian); on top

regressive phase and erosion on transition to Pasamo

10. Tendencies mainly in space: main clastic input fiiest/Nordwest and Southeast
with prograding and retrograding fans (Vienna Bpasin

11. Tectonic situation: continuation of clastic inpde(ta) from west, enhenced input
from south (Vienna Basin)
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Sarmatian shoreline facies Msls-Msmf
1. Synonyms, correlated formations:
2. Lithology: detrital Leitha limestone, subordinatessiliferous calcareous
sandstones, sand (sandstones)
Facies: carbonatic, subordinate: siliciclastic
Paleoenvironment: shorefacies, partly hypersaline
Thickness: 10 - 40 m
Average sandiness rate: 25%
Porosity type: intergranular
Estimated porosity: medium (24%)
Tendencies mainly in time: mainly Middle- and Upgarmatian, transgressiv-
regressive cycles; on top regressive phase anteros transition to Pannonian
10. Tendencies mainly in space: widening agains Paanam@alm
11.Tectonic situation: sediments mainly around Leitih@untains and on western
basin margin

OCONOOH®

Holic-, Scalica-, Gleisdorf-Formation Msmf
1. Synonyms, correlated formations:
2. Lithology: clayey marls (marlstones), subordinatetay (claystones), silt
(siltstones), sand (sandstones), rarely: graveldlconerates)
3. Facies: siliciclastic, subordinate: carbonatic
4. Paleoenvironment: shallow marine, basinal
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Thickness: 300 - 850 m

Average sandiness rate: 15%

Porosity type: intergranular

Estimated porosity: low to medium (10%)

Tendencies mainly in time: basinal facies with féweclastic intercalations,
coarsening- and fining upwards cycles, oscillategalevel; in Styrian Basin
regressive phase with intercalation of terrestangtomerates at the end of lower
Sarmatian; on top of Sarmatian regressive phasessd level drop

10.Tendencies mainly in space: more restricted basireds due to increasing clastic

input, retreat of the Sarmatian sea from the Wies$¢yrian Basin

11.Tectonic situation: Vienna Basin: no major changedistribution of sedimentation

areas in respect to Badenian, continuation of godirt subsidence

Upper part of the Spilje Formation — Selnica Mb [8)s Osek Mb. (Mp), and upper part of
the Ptujska gora — Kog Fm (Mbsc)

Noo
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Synonimes, correlated formations in partner coastriln Hungary this entity
corresponds to the Kozard and EshiFormations. In Austria, this formation can be
correlated with the Gleisdorf Formation (in time).

Litology: alternation of sand, sandstone, sandy siltg marlstone. Subordinately:
silt, siltstone, marly clay, silty clay, conglomeraand breccia, Rarely: sandy algal
and oolitic limestone, dolomite, coal

Facies: not interpreted

Paleoenvironment: Mainly: shallow marine, fluviatidaterrestrial, Subordinately:
open marine

Thickness: < 300 m, in the easternmost part of Gl@/up to 600 m

Average sandiness rate: 50 %

Porosity type: intergranular porosity in clastitesd intergranular and intragranular -
fracture porosity in limestones.

Estimated porosity: medium

Tendencies mainly in time: In the lower Sarmatia® $ea level drop caused erosion
on the shallow parts and sandy turbidites in thweaiaing basins. By the end of
Sarmatian the western part of the Mura-Zala basas walready filled up with
sediments.

10.Tendencies mainly in space: This joined formatigsnpresent in the Haloze —

Ljutomer Budafa Sub-basin along the Ljutomer Belthie southern part of the supra
area, in the Radgona - Vas Sub-basin and in theNlia® — rség Sub-basin NE of
the Murska Sobota High.

In the western part of the Slovenian territory, mhaipermeable shallow water
deposits are present, while in the east, towardsBhjan fault, marly deposits
prevail, especially in the upper part.

In the Shallow areas in the NW part of the Sloveniarritory involved in the
modelling, mostly tidal sands are interchanged wité shallow water marls and
occasional gravels, while in the NE parts in theifg turbiditic sedimentation took
place.

11.Tectonic situation: Post rift and first compressjbrase.
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Vréable Fm., Holi Fm., Skalica Fm. Msmf
1. Synonymes, correlated formations in partner coestiozard Fm
2. Lithology (colour, texture, grainsize): mollusc-beg clay — clay marl; sand—
sandstone, calcareous marl
Facies: shallow-marine
Paleoenvironment: brackish-water sea
Thickness: Vrable Fm. up to 500 m, Hofim. up to 350 m, Skalica Fm. up to 600 m
Average sandiness rate: 20-30%
Porosity type: intergranular
Estimated porosity: medium
. Tendencies mainly in time: two cycles, deepeningifj upward
10 Tendencies mainly in space: filling depocentres stmallow basin
11. Tectonic situation: late rifting phase of the Dheuand the Vienna basins
development
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4.2.6  Formations on Pre-Upper Pannonian horizon map (Lowe Pannonian
facies) (Encl. 1.4.)

Due to the time-transgressive nature of the Lateckihe (Pannonian) to Pliocene
formations, maps showing the formation locatedatiyeunder the pre-Quaternary or the pre-
Upper Pannonian surface would not carry significeribrmation about the properties of
Pannonian strata. (The top of Lower Pannonian fisel& as the top of the fine-grained slope
or shallow lacustrine deposits, while the end ofp&lpPannonian was characterized by
sedimentation on a fluvial plain almost basinwidEherefore we have chosen to show the
boundaries between several types of facies sdvased on the composition of the whole
Upper Pannonian and Lower Pannonian successigoeatgely. This way, the maps reflect
the spatial variances of Pannonian sedimentatien éthe uppermost formation of a given
unit is the same or similar across the area. Infdhewing, the composition and the general
properties of the mapped facies assemblages aoelurted.

Littoral, deltaic and fluvial coarse deposits (migisand and gravel) Mp_1

1. Synonimes, correlated formations:

ary Fm.: Slovakia - deltaic
Paldau Fm.: SE Austria - deltaic and fluvial
Gbely Fm.: Slovakia - fluvial
Hollabrunn-Mistelbach Fm.: NE Austria - fluvial

2. Lithology (colour, texture, grainsize): mainly y@aN or brown sand, sandstone,

sandy gravel, gravel, conglomerate; subordinatélgisd clay

3. Facies: littoral (shoreface), deltaic and fluviadgided rivers)

4. Paleoenvironment: In these areas (very close tes¢h@nent sources at the feet of
mountain ranges) Early Pannonian already began thihdeposition of coarse
shoreface and/or deltaic, then (following the basid progradation of deltas)
fluvial sediments. Finer-grained littoral sedimerdscur only as intercalations
between the deltaic levels, due to minor transgrass The fluvial deposits were
chiefly formed by braided rivers.

Thickness: 50-200 m
Average sandiness rate: 90%
Porosity type: intergranular
Estimated porosity: 15%
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9. Tendencies mainly in time: not significant

10.Tendencies mainly in space: the coarsest-grainkdsdand fluvial channels can be
found mainly in the vicinity of the main sedimeousces

11.Tectonic situation: onset of the post-rift subsickenf Pannonian Basin

Lacustrine silty clayey marl and littoral-deltaits¥ial coarse deposits Mp_2

1. Synonimes, correlated formations:
Bzenec Fm..: Slovakia - lacustrine
Feldbach Fm.: SE Austria - lacustrine
Sz&k—Csakvéar Fm., Zsambeék Marl, Csor Silt: Hungdagustrine

ary Fm.. Beladice Fm.: Slovakia - deltaic

Kisbér—Zamor—Kalla—Dias Gravel: Hungary - littoeald deltaic
Paldau Fm.: SE Austria - deltaic and fluvial
Mura Fm.: Slovenia - deltaic and fluvial
Hollabrunn-Mistelbach Fm.: NE Austria - fluvial
Gbely Fm.: Slovakia - fluvial

2. Lithology (colour, texture, grainsize): marl, clgymarl, clay and silt followed by
mainly yellow or brown sand, sandstone, sandy drageavel, conglomerate;
subordinately silt, clay marl, mud

3. Facies: sublittoral, littoral (shoreface), deltard fluvial (braided rivers)

4. Paleoenvironment: Areas in this zone are charaetrby relatively short open-
lacustrine (sublittoral) sedimentation, which idldowed by the onset of coarse-
grained shoreface and/or deltaic, in some zones fllwial sedimentation even
before the main transgressive event of Lake Par(ean 9.8 Ma). The fluvial
deposits were chiefly formed by braided rivers.

5. Thickness: 100-400 m

6. Average sandiness rate: average: 70% (lower, thipae: 20%, upper, thicker part:
90%)

7. Porosity type: intergranular

8. Estimated porosity: average: 12% (lower, thinnet: @6, upper, thicker part: 15%)

9. Tendencies mainly in time: the lower (sublittorpgrt of the unit is composed of

chiefly pelitic sediments, therefore the grainsamed porosity of the upper part
exceeds the average of the unit

10.Tendencies mainly in space: the coarsest-graintdsdand fluvial channels can be
found mainly in the vicinity of the main sedimeousces

11.Tectonic situation: onset of the post-rift subsickenf Pannonian Basin

Lacustrine silty clayey marl (with sporadic occuroes of a turbiditic unit thinner than 100
m)
Mp_3
1. Synonimes, correlated formations:
Endr d Fm., Algy Fm., Szdk Fm.: Hungary - lacustrine
Bzenec Fm,, lvanka Fm.: Slovakia - lacustrine
Spilje Fm., Lendava Fm. (Sodinci Mb.): Sloveniacustrine
Subordinately, sporadically also occur:
Szolnok Fm. - Hungary, lacustrine turbidites
Lendava F., Jeruzalem Mb. - Slovenia, lacustrinbitlites
2. Lithology (colour, texture, grainsize): almost ajwagrey silt, marl, calcareous marl,
clayey marl or clay (turbidites: alternation of digrained sand/sandstone, silt and
clay)
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Facies: deep lacustrine, slope, sublittoral anddagl

Paleoenvironment: Parts of Lake Pannon not readlyedeltas before the main
transgressive event (ca. 9.8 Ma), allowing the firam of a persistent deep
lacustrine or sublittoral environment, in which thavere no significant turbidity
currents

Thickness: 5-300 m

Average sandiness rate: 5%

Porosity type: intergranular

Estimated porosity: 5%

Tendencies mainly in time: not significant; in somegions, slight coarsening
upwards

10.Tendencies mainly in space: relatively thin turtidintercalations can be found in

the areas closer to the deep basins (generallg tresthe areas with higher overall
thickness of Lower Pannonian)

11.Tectonic situation: post-rift subsidence of Panaariasin

Lacustrine silty clayey marl and sandy turbiditéggkness of the turbiditic unit: 200-500 m)
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Mp_ 4

. Synonimes, correlated formations:

Endr d Fm., Algy Fm.: Hungary - lacustrine

Bzenec Fm,, Ivanka Fm.: Slovakia - lacustrine

Spilje Fm., Lendava Fm. (Sodinci Mb.): Slovenlacustrine

Lendava F., Jeruzalem Mb.: Slovenia - lacustrimeidites

Lendava Fm. Sodinci Mb.: Slovenia - lacustrine

Szolnok Fm. - Hungary, lacustrine turbidites

Lithology (colour, texture, grainsize):

chiefly grey silt, marl, calcareous marl, clayeyrhwa clay

alternation of fine-grained sand/sandstone, sdt@ay (in the turbiditic interval)
Facies: deep lacustrine, slope and sublittoral

Paleoenvironment: Parts of Lake Pannon reached ditasd later than the main
transgressive event (ca. 9.8 Ma), allowing the fdram persistent deep lacustrine
basins. These basins were regularly reached bydityrlzurrents originating from
the deltas and slopes located marginwards. Theroqmmse level of Lower Pannonian
is built up by the prograding slope itself.

Thickness: 300—-1000 m

Average sandiness rate: average: 30% (turbidi®@®;, ®ther intervals: 5%)

Porosity type: intergranular

Estimated porosity: average: 7% (turbidites: 9-1068ber parts: 5%)

Tendencies mainly in time: turbidites are locatedhe middle and/or lower part of
the Lower Pannonian succession

10.Tendencies mainly in space: turbiditic sandbodiesome more thick and frequent

towards basin centres and along the axis of bagemoeighs

11.Tectonic situation: post-rift subsidence of Panaariasin

Lacustrine silty clayey marl and sandy turbiditdggkness of the turbiditic unit: >500 m)

1.

Mp_5
Synonimes, correlated formations:
Endr d Fm., Algy Fm.: Hungary - lacustrine
Bzenec Fm,, lvanka Fm.: Slovakia - lacustrine
Spilje Fm., Lendava Fm. (Sodinci Mb.): Slovenlacustrine
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Lendava F., Jeruzalem Mb.: Slovenia - lacustrimbitites

Lendava Fm. Sodinci Mb.: Slovenia - lacustrine

Szolnok Fm. - Hungary, lacustrine turbidites

Lithology (colour, texture, grainsize):

grey silt, marl, calcareous marl, clayey marl @ycl

alternation of fine-grained sand/sandstone, sdt@ay (in the turbiditic interval)
Facies: deep lacustrine, slope and sublittoral

Paleoenvironment: Parts of Lake Pannon reached ditasdlater than the main
transgressive event (ca. 9.8 Ma), allowing the fdram persistent deep lacustrine
basins. The zones of this unit were frequently meddy turbidity currents carrying
outstandingly high amount of sediment. The uppetrie®| of Lower Pannonian is
built up by the prograding slope itself.

Thickness: 800-2000 m

Average sandiness rate: average: 35% (turbidit®;, ®ther intervals: 5%)

Porosity type: intergranular

Estimated porosity: average: 8% (turbidites: 10—1a#éber parts: 5%)

Tendencies mainly in time: turbidites are locatedhe middle and/or lower part of
the Lower Pannonian succession

10.Tendencies mainly in space: turbiditic sandbodiesoime more thick and frequent

towards basin centres and along the axis of bagemoeighs

11.Tectonic situation: post-rift subsidence of Panaariasin

Lignite with shallow-water silt and clay

how
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Mp_6
Synonimes, correlated formations:
Dubnany Fm. - Slovakia
Neufeld Fm. - Austria
Lithology (colour, texture, grainsize): chiefly grsilt, marl, calcareous marl, clayey
marl or clay; alternation of fine-grained sand/sstode, silt and clay in the turbiditic
interval
Facies: relatively anoxic in a deltaic or alluy@éin environment
Paleoenvironment: Zones belonging to this unitrez@r the basin margins; therefore
they were not covered by the deep water of Laken®anHowever, neither the
sediment sources were close to these locationseftine in spite of the coarse-
grained Lower Pannonian delta lobes, a deltaimphath swamps and marshlands
formed, which were ideal for the accumulation cdlcgeams.
Thickness: 10-150 m
Average sandiness rate: average: 35% (turbidit®;, ®ther intervals: 5%)
Porosity type: intergranular
Estimated porosity: average: 8% (turbidites: 10—1a#éber parts: 5%)
Tendencies mainly in time: turbidites are locatedhe middle and/or lower part of
the Lower Pannonian succession

10.Tendencies mainly in space: turbiditic sandbodiesoime more thick and frequent

towards basin centres and along the axis of bagemoeighs

11.Tectonic situation: post-rift subsidence of Panaariasin
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4.2.7

Formations on Pre-Quaternary horizon map (Upper Pamonian facies)
(Encl. 1.2.)

Facies assemblages have been outlined also ingherUPannonian, which contains almost
uniformly fluvial deposits in its topmost part (wertying the base of Quaternary). The
detailed composition and features of the four faeskeries distinguished are the following:

Alteration of clay, sand and gravel deposited oltade and alluvial plains

©OoNOO

MPI_1

. Synonimes, correlated formations:

Mura Fm.: Slovenia - deltaic and fluvial

Ptuj—Grad Fm.: Slovenia - fluvial

Ujfalu Fm., 'Szentes Mb.": Hungary - deltaic

Soml6—Tihany Fm.: Hungary - deltaic

Zagyva and Nagyalfold Fm.: Hungary - fluvial

Beladice Fm.: Slovakia - deltaic

Gbely—Volkovce—Kolarovo Fm.: Slovakia - fluvial

Brodské Fm.: Slovakia - fluvial

Rohrbach Fm.: Austria - fluvial

Lithology (colour, texture, grainsize): sand, saods, silt, clay marl, clay;
subordinately gravel

Facies: deltaic and alluvial plain

Paleoenvironment: Following the infill of the dedyasins of Lake Pannon, a
widespread deltaic than alluvial plain was formegklis unit comprises the sediments
of those areas where the formation of the deltaccaluvial plains was not preceded
by typical delta fronts (mouth bars), due to th&atreely low rate of basement
subsidence.

Thickness: 200-500 m

Average sandiness rate: 50%

Porosity type: intergranular

Estimated porosity: 10%

Tendencies mainly in time: the uppermost part efuhit consists of gravel beds of
variable thickness in the Mura Basin and in the ubenBasin.

10.Tendencies mainly in space: sandbodies are genehatker and coarser towards

the centre of any sub-basin

11.Tectonic situation: post-rift subsidence of PanmaniBasin (for the Pliocene,

subsidence and sedimentation becomes spatiallielinciue to the inversion)

Thick sand sheets of delta front origin, with oyew) clay, sand and gravel deposited on
deltaic and alluvial plains

1.

MPI_2
Synonimes, correlated formations:
Mura Fm.: Slovenia - deltaic and fluvial
Ptuj—Grad Fm.: Slovenia - fluvial
Ujfalu Fm., 'Szentes Mb.": Hungary - delta front
Ujfalu Fm., 'Szentes Mb.": Hungary - deltaic
Somlo-Tihany Fm.: Hungary - deltaic
Zagyva and Nagyalfold Fm.: Hungary - fluvial
Beladice Fm.: Slovakia - deltaic
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Gbely—Volkovce—Kolarovo Fm.: Slovakia - fluvial

Brodské Fm.: Slovakia - fluvial

Rohrbach Fm.: Austria - fluvial

Lithology (colour, texture, grainsize): sand, sdods, silt, clay marl, clay;
subordinately gravel

Facies: delta front, delta plain and alluvial plain

Paleoenvironment: Similar to the previous unit (MB| but with the occurrence of
mouth bars in the beginning of Late Pannonian

Thickness: 10-100 m

Average sandiness rate: average: 55% (lower caqoaeer: 70%, above: 50%)
Porosity type: intergranular

Estimated porosity: average: 11% (delta front: #®4%1other parts: 10%)
Tendencies mainly in time: delta front deposits iGhh contain the largest
sandbodies with the best connectivity in the Paramrcompose the lowermost part
(roughly one-quarter) of the whole unit

10. Tendencies mainly in space: the largest delta fsantibodies can be expected in the

deepest parts of the sub-basins (with the highestrad thickness of Upper
Pannonian)

11.Tectonic situation: post-rift subsidence of PanaaniBasin (for the Pliocene,

subsidence and sedimentation becomes spatialltelinciue to the inversion)

Lignite, silt, clay and carbonaceous clay depositedhallow basins or deltaic and alluvial
plains

hw
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MPI_3
Synonimes, correlated formations:
Torony Lignite Fm.: Hungary - deltaic
Somlo-Tihany Fm.: Hungary - deltaic
Zagyva Fm.: Hungary - fluvial
Beladice Fm.: Slovakia - deltaic
Gbely—Volkovce—Kolarovo Fm.: Slovakia - fluvial
Mura Fm.: Slovenia - deltaic and fluvial
Ptuj—Grad Fm.: Slovenia - fluvial
Lithology (colour, texture, grainsize): grey, bluigrey and variegated silt, fine-
grained sand, clay, carbonaceous clay, lignits€ams)
Facies: deltaic and alluvial plain
Paleoenvironment: areas of deltaic (and possiblyial) plain not reached by the
major sediment sources, making the sediments fim@n usual and allowing the
accumulation of coal (as plant remnants were naetezhfurther to the basin)
Thickness: 30-250 m
Average sandiness rate: 15%
Porosity type: intergranular
Estimated porosity: 10%
Tendencies mainly in time: not significant

10 Tendencies mainly in space: not significant
11.Tectonic situation: post-rift subsidence of PanaaniBasin (for the Pliocene,

subsidence and sedimentation becomes spatialltelinciue to the inversion)
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Basalt tuffs with intercalations of clay, sand ajrdvel MPI 4

1.
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Synonimes, correlated formations:

Podreany Fm.: Slovakia

Tapolca Basalt Fm.: Hungary

Pula Alginite Fm.: Hungary

Ptuj—Grad Fm.: Slovenia

Lithology (colour, texture, grainsize): basalt, &#asuff, locally alginite
Facies: basaltic volcanoes + tuff rings, severamtakes
Paleoenvironment: basaltic volcanoes, mainly od lan

Thickness: 50-250 m

Average sandiness rate: 0%

Porosity type: intergranular, fissure

Estimated porosity: 2%

Tendencies mainly in time: different volcanic cestwere active in different times

10 Tendencies mainly in space: -
11.Tectonic situation: post-rift subsidence, crudtaning in Pannonian Basin

Csolnok Claymarl and Csernye Formations PcE2ml|

1.
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Synonimes: “Coralline and molluscan marl’(Csernym)F “Operculina Marl”,
"Nummulina Marl” (Csolnok Fm) — H , Correlated foations in partner countries:
Priepasné Fm — SK

. Lithology: grey marl, calcareous marl, silt, witbskils of gastropods, bivalves and

corals appearing in mass and frequently exhibisntumachelle-like enrichment
(Csernye Fm). Grey clay marl and marl, with manygdéaand medium sized
foraminifers (Operculina, Nummulites, Discocyclingktinocyclina, Assilina
exponens) frequently occurring in mass (Csolnok Fm)

Facies: shallow-marine to deep neritic facies

Paleoenvironment: sea self, selfmargin, shallovinbas

Thickness: 10-50 and 10-100 m

Average sandiness rate:

Porosity type: intergranular

Estimated porosity: medium in Csernye Fm, mediundsaontent in the middle and
upper part of the Csolnok Formation

Tendencies mainly in time: upward of the sequenterihedded the differently thick
siliciclastic Tokod Sandstone Formation in the N&ranhsdanubial Central Range,
other areas the formation is overlain by deep neadPadrag Marl Formation

10. Tendencies mainly in space: heteropic with the &adarl to the deep basin and

the Sz ¢ Limestone (nummulitic limestone) to the shalloater carbonate ramp

11.Tectonic situation: in syncline of the retroarctieal basin

Dorog and Darvasté Formations Ebc

1.

2.

Synonimes: “Late Lutetian coal seam sequence” ahdweér Lutetian coal
sequence”, Correlated formations in partner coestit©bid Mb — SK

Lithology: coal, carbonaceous clay, variegated ,ctgy clay, bauxitic clay, sand,
gravel, limnic limestone and clay marl (Dorog Frand grey clay marl, marl, at the
base, locally variegated (bright red, or yellowlgyc upwards coal, molluscan and
miliolina calcareous marl and limestone lensesdsamavel, conglomerate, and
locally dolomite detritus (Darvasté Fm).
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Facies: fluvial, lacustrine, paludial, and para&diment (Dorog Fm) and shallow
marine lagoon and off-shore bar origin (Darvastg Fm

Paleoenvironment: seashore and fluvial

Thickness: 1-25 m (Darvasté Fm), 0-300 m (Dorog Fm)

Average sandiness rate:

Porosity type: intergranular and fissure

Estimated porosity: medium on the base of formatimd medium in the coal seams
Tendencies mainly in time: formations overlying bgposition of the Middle
Eocene transgressive systems (marl, limestone)

10. Tendencies mainly in space: heteropic connectidh @ach other
11.Tectonic situation: syncline deep in retroarc fletasin.

4.2.8

Fluvial

1.

Formations on Surface Geological map (Quaternary)Encl.1.1.)

Qhf

Synonymes, correlated formations in partner coesitri

2. Lithology (colour, texture, grainsize): Fluvial sexnt (clay, silt, sand, gravel)
3. Facies: fluvial

4. Paleoenvironment: fluvial

5. Thickness: 0-15 m

6.
7
8
9.
1

Average sandiness rate: 0-100%

. Porosity type: intergranular
. Estimated porosity: high

Tendencies mainly in time: generally fining upward

0.Tendencies mainly in space: depends on main ri@edstributary deposits, going

downstream fining

11. Tectonic situation: postrift or slight uplift tremd whole the area

Aeolian sand of dunes Qes

1.

Synonymes, correlated formations in partner coesitri

2. Lithology (colour, texture, grainsize): Drift sand

3. Facies: aeolian

4. Paleoenvironment: continental eolian semi-desert
5. Thickness: 0-12 m in the Vienna Basin

6.
7
8
9.
1

Average sandiness rate: 100%

. Porosity type: intergranular
. Estimated porosity: high

Tendencies mainly in time: stable, locally withlsoterbeds

0. Tendencies mainly in space: general wind directiiom W —NW, most appearance

in the Vienna Basin, smaller dunes in the promgntadrthe Danube river in the
Danube Basin

11.Tectonic situation: postrift or slight uplift tremah whole the area

Aeolian sand of dunes Qfe

1.
2.
3.
4.

Synonymes, correlated formations in partner coesitri
Lithology (colour, texture, grainsize): Fluvial-deosand
Facies: aeolian

Paleoenvironment: continental glacial, interglaomlstly arid
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Thickness: 0-60 m in the Vienna Basin

Average sandiness rate: 100%

Porosity type: intergranular

Estimated porosity: high

Tendencies mainly in time: stable, locally withlsoterbeds

OTendenC|es mainly in space: general wind directibpom W —-NW, most

appearance in the Vienna Basin, smaller dunesanptbmontory of the Danube
river in the Danube Basin

11.Tectonic situation: postrift or slight uplift treaanh whole the area

Fluvial sediments Qpf

1.

Synonymes, correlated formations in partner coesitri

2. Lithology (colour, texture, grainsize): Fluvial glssilt, sand, gravel
3. Facies: fluvial

4. Paleoenvironment: continental glacial and interiglac

5. Thickness: 0-400 m in Gatkovo depression

6.
7
8
9.
1

Average sandiness rate: (estimated sand content %)

. Porosity type: intergranular
. Estimated porosity: high

Tendencies mainly in time: generally fining-upwards

0.Tendencies mainly in space: several intramontatiasdef the Danube, Vah and

hron rivers, the largest is in the Gabcikovo degitas(Danube)

11. Tectonic situation: postrift, but locally late iy

Aeolian loess Qel

1.

Synonymes, correlated formations in partner coesitri

2. Lithology (colour, texture, grainsize): Loess

3. Facies: aeolian, partly deluvial and aluvial

4. Paleoenvironment: continental glacial and interglac
5. Thickness: 0-80 m

6.
7
8
9.
1

Average sandiness rate: silt

. Porosity type: intergranular
. Estimated porosity: high

Tendencies mainly in time: increasing thicknesthanlate Pleistocene

0. Tendencies mainly in space: due to the wind dioecthostly from NW, the thicker

accumulations occur at the E-SE promontories ofribantain chains

11. Tectonic situation: postrift

Proluvial sediments Qpp

CoNoohRWbE

Synonymes, correlated formations in partner coesitri

Lithology (colour, texture, grainsize): Proluviadhyg, silt, sand, gravel, rock debris
Facies: alluvial fans

Paleoenvironment: continental piedmont

Thickness: 0-150 m

Average sandiness rate: 80%

Porosity type: intergranular

Estimated porosity: high

Tendencies mainly in time: growing mostly duringerrglacial periods, or in the case
of active uplift of the mountains
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10. Tendencies mainly in space: distributed along tbemmain slopes toward the basins
11.Tectonic situation: postrift, partly local synrift

Fluvial to alluvial gravel and sand PlQfc
1. Synonymes, correlated formations in partner coestTengelic Fm.
2. Lithology (colour, texture, grainsize): argillacepstrongly weathered sandy gravel,

sand and sandy clay

Facies: fluvial up to alluvial-limnic

Paleoenvironment: fresh-water

Thickness: few meters

Average sandiness rate: up to 40 %

Porosity type: intergranular

Estimated porosity: medium

Tendencies mainly in time: no

10 Tendencies mainly in space: residual patches

11.Tectonic situation: postrift

OCONOO AW
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5 Geological models of the Pilot areas

The geological models of the pilot areas were Ihasieducted from the relevant parts of
the supra-regional models. However, as the scallkeopilot area models were more detailed
(generally 1:200 000), it made it possible to pdeva more accurate picture on the geological
buildup. Where the geology of the area made it s&y, additional geological horizons
(compared to those ones which were edited for thasregional area) were constructed.
Only those formations are described at the additionizons, which do not form part of the
unified geological legend (chapter 4.2.). A majtepsforward is that tectonics has been
incorporated into the pilot area geological modélee pilot models contain modelled tectonic
surfaces, and these model grids were edited mangrately based on the evaluations of 2D
seismic section series and various geophysicakdttaAnother important difference is that
the pilot area geological models were prepared bferdnt 3D geological modelling
softwares (Jewel, GoCAD, Petrel), therefore the&yraore advanced, compared to the “flying
carpet” model of the supra-regional area and pewidre rich input information for the pilot
area hydrogeological and geothermal models.

5.1 Danube basin

5.1.1  Geological frame and history

The Danube Basin is geographically representedéypianube Lowland in Slovakia and
by the Little Hungarian Plain in Hungary. On thesivé is bordered by the Eastern Alps,
Leitha Mts. and Male Karpaty Mts. On the north basin has finger like extensions which
penetrate among the core mountains of Male Karg&wyazsky Inovec and Tribec. On the
northeast it is bounded by the Middle Slovakian Wecanics and the Burda volcanics. On
the southeast, there are emerging units of thesfiearubian Central Range.

The Danube Basin has several depocentrs of varages On the north there are
depressions among the core mountains, from the wedhe east: Blatne, Risnovce,
Komjatice and Zeliezovce depressions. The soutparhof the basin in Hungary is divided
by the Mihdlyi ridge to the depocentres situatedtved it (along the Répce fault) and to the
easterly situated one (along the Raba line). Thepes central part of the basin is called
Gabcikovo depression, where the thickness of tipeslts reaches more than 8500 m.

The Pre-Tertiary basement of the basin at the wesied northern boundary is built up of
several units of the Central Eastern Alps and @eénwWestern Carpathians, while in the
southeastern part of the basement units of thes@iearubian Central Range are also present,
belonging to the ALCAPA unit. In the Slovakian p#re basement is built up of crystalline
and mainly late Paleozoic and Mesozoic cover sexpgenf the Tatric and Veporic units as
well as of superficial nappe systems of Fatricumd a&fronicum composed mainly of
Mesozoic (dominantly Triassic — Jurassic) sedintgnteqgences. The Tatric and Veporic
units continue into Hungarian and Austrian terrésras their equvalents in the Lower
Austroalpine nappe systems. The Transdanubian &dRange forming the basement in the
southern part of the area is built up of a sequaridealeozoic rocks, massive Triassic and
Jurassic strata dominantly forming in platform open-sea environment. Cretaceous
sediments of terrestric or shallow-water environtraer terminating the Mesozoic part of this
succession.
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Tertiaryrocks of the so-called Buda-type Paleogene in tha are known only from the
Transdanubian unit on the southern rim of the afé#s type of succession is characterized
by shallow-water to terrestric sedimentation andefgresented by shallow-water limestones,
sandstones, marls and clays as well as coal oliteaaocurrences.

Lower Miocenedeposits occur in two separate areas: in the NE qfathe area in
Slovakia and in the Transdanubian area at the S&flynn Hungary.

The oldest Neogene deposits in the Slovakian pérthe Danube Basin are of
Eggenburgian age. They are known from the Blatrayr® Voda and Vadovce depressions
on the northwest. The Eggenburgian marine depositi@rea was paleogeographically
connected to those, in the northern part of thenvaéeBasin. They belong to the Causa
Formation. In the Ottnangian the depositional estvinent started to be brackish, and in the
Blatne depression a small remnant of these depaisitee Banovce Formation are preserved.
The Karpatian marine deposits of the Laksary Faonagnd alluvial-deltaic Jablonica
Formation are present in the northern part of then® depression and in the Dobra Voda
depression.

Lower Miocene deposits in the Transdanubian pgresent a stratigraphical continuation
from the underlying Buda-type Paleogene and ark bpiof fluvial — lacustrine or brackish-
water gravels, sands and clays sometimes withlagais.

Due to the Miocene tectonic evolution of the arescépe of the Alcapa block, subduction
and back-arc basin extensions) the Badenian iditsiehorizon with similar sedimentary
developement in the whole area. Since our modefagm a single horizon for the whole
Badenian, we discuss the different Badenian sulsgshtogether.

The Early Badenian developed separately in the NEthe SW parts of the basin: the
mostly deep-marine deposits of the Bajtava Forma@oe known from the eliezovce
depression, while similar deposits of the Tekergdi& Fm. cover the Transdanubian Range
as far as to the important Hurbanovo — Diosjéine. The Middle Badenian open marine
Spaince (Slovakia), or Pusztamiske (Hungary) Formatéeposits cover practically the
entire area of the Danube Basin. The Late BadeBamon and Szilagy Formations are
represented by shallow marine deposits, coveringievthhe area of the basin.

In the central part of the basin large stratovadlcamodies of Early Badenian age
belonging to the Surany (or Burda) Formation carobserved, being covered by younger
sediments. Other smaller occurrences are knowrhenvicinity of Bratislava and in the
Csapod Trench in Hungary, but the amount of dadandt allow to incorporate these bodies
into the model.

The Sarmatian deposits of the Vrable, Tinnye andafd Formation were formed in a
shallow brackish sea and are facially variabldmdrea of the entire basin.

The division and correlation of the Pannonian sedit® and their boundary with the
Quaternary is probably the biggest stratigraphabjfam of the area. In our model we defined
the Lower Pannonian horizon as the Ivanka Formatio8lovakia which is correlated with
numerous dominantly marly beds in Hungary (PeremmafEndrd, Zsambék, Csakvar Marl
Fm.). All these formations formed from shallow wate lacustrine environment, the Ivanka
Fm. also contains prograding deltaic lobes. Weggdithe Upper Pannonian and Pliocene
sediments due to their lithological similaritiesdaimclear definition of the boundary between
them into one horizon. In the central parts of D&nube Basin their thickness exceeds
sometimes 2500 m. They developed in continuing #&mdher shallowing lacustrine
environment changing upward into deltaic and flufagies. The are built up of clays, marls,
sands and are ranged into the Beladice, Volkovedarkvo, Zagyva, Ujfalu Formations. In

134



the younger parts of the Upper Pannonian also ti@datra-plate volcanism is known
(Tapolca and Podrany Basalt Fm. and Pula Alginite Fm.)

The Quaternary deposits have an erosive base audhatated in depressions. However
in the Gabcikovo depression the deposition wasicootis from the older sediments. Fluvial
deposits are dominant, but an important amoundedd is typical for the basin areas as well.

5.1.2 Additional horizons

The geological model of the Danube Basin pilot arees constructed for the six main
horizons (base of Quaternary, Upper Pannonian, L&a@nonian, Sarmatian, Badenian and
Cenozoic, Encl.2.1. 2.7) defined for each piloear as well as for the supra area. During the
work of the modelling we decided to create an ektvezon for Badenian volcanites in the
Slovak part of the pilot area (Encl.2.6).

In the vicinity of the Kralova dam on the river Van huge body of a buried
stratovolcano (called the Kralova Volcano) was eded, which was documented by
gravimetry, magnetometry as well as with one bdeh8ince the body is built mainly up of
andesitic lava and pyroclastic rocks, its porosiyemical composition and probably also
thermal characteristics are different from the ulyiteg basement rocks, as well as from the
overlying Badenian, Sarmatian and Lower Pannoniamiynsandy rocks.

Between the horizons base of Badenian (or Badero&anites, respectively) and the
surface of the pre-Tertiary basement, the wholeidrgrand Lower Miocene formations have
only limited extent and are of local importancethie modelled area, so they were united as
zone Tertiary + Lower Miocene.

5.1.3 Descriptions of additional horizon’s formations

We added only one extra horizon to the model: tirezbn of Badenian neovolcanites in
the area of the buried Kralova stratovolcano (St@ja This huge volcanic body is visible in
seismic profiles and numerous other geophysicdlleso but unfortunately only one borehole
penetrated the volcano itself (well Krélova-1).

The rock material is ranged into the Surany AnéeBitn. and is equivalent with the
other Badenian volcanic complexes, e.g. the Burabogok and Magasborzsony
formations. The formation is built u pof mainly asitic lavas and subvolcanic rocks, its
charasteristics are the same as the Burda Fm. (Mba)

Surany Andesite Fm.

1. Synonyms, correlated formations in partner coustriBurda Fm., Dobogok
Magasborzsony Fm.

2. Lithology (colour, texture, grainsize): andesitiavd flows with andesitic

volcanoclastics

Facies: stratovolcanic

Paleoenvironment: subaerial volcanism on pre-Tgrbasement rocks

Thickness: from 0 to an estimated 2000 m

Average sandiness rate: -

Porosity type: fissure

Estimated porosity: low

Tendencies mainly in time: later phase of volcaamitivity of Karpatian — lower

Badenian age

©CoOoNOOh~OW
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10. Tendencies mainly in space: maybe connected tbuhed Surany stratovolcano on
the SE by distal volcanoclastic flows

11.Tectonic situation: Back-arc rifting associatedhatiianscurrent fault activity

12.

5.1.4  Geophysical evaluations: gravity, seismics, magne#lury

In the Slovakian part gravity observations starfiein 1959 in the Blatne depression,
which were related to hydrocarbon explorations. Midthe area was measured in the 60-ies.
Later seismic and well measurements controlledbserved structures with variable success.
Some other parts of the basin and the Male Karplsy were measured later (1988, 1996),
focusing on the Middle Miocene and postrift Lateokkne phase of the basin fill. In the
Danube Basin several magnetic field measurements @ane, too. In 1989 a magnetic field
anomaly map was compiled. Seismic measurementspeefermed in several periods. In the
basin, and the surrounding mountains, there arentajr refraction seismic lines, oriented
from NW to SE. The reflection seismics data werainied in 3 periods. In the first period, a
ca. 7000 krharea of the basin was covered, but the qualiteiy low. Measurements of the
second period proceeded much more useful dateiwéstern and central parts of the basin
(length 550 km). The third period comprised somgraeessing of the older data and a
realization of about 330 km new lines in the cdneat of the basin. This period was covered
by Maxus Energy Corporation for hydrocarbon purgosResults of the geophysical
measurements were used during the compilationeoifribdel horizons.

Geophysical measurements and their results of tnggatian part of the Danube Basin
pilot area are discussed in chapters 3.6 and 3.7

515 Tectonics

The recent structure of the Danube Basin is a mtochainly of the Middle Miocene to
Pannonian tectonic history. Due to the huge amadirtasin fill (exceeding 8 km in the
central parts) there are many different views @f pinobable structural patterns. We tried to
find a compromise for a structural model by simgidifion, i.e. joining smaller faults into a
larger one (that was the case in the depressidmnsebe the Malé Karpaty, Pova sky Inovec,
and the Pova sky Inovec and Tribkits. in Slovakia). We needed to ignore and smagothe
smaller faults to achieve a picture, which on ttteeohand would adequately respect the main
tectonic features. At the beginning of the projbet team of geologists working on modeling
agreed to deal with only those faults which haweesdical dislocation at least 500 meters.
However, in many cases we could not follow thisseaese of the fading out or forking of the
fault planes, or simply because a geologically ittt line (for example the Raba line) had
less vertical dislocation.

The basement of the area is built up of mainly mstRoalpine (Austria, Hungary) or
Tatric and Veporic (Slovakia) crystalline complexasd their cover sequences, which are
well correlated. The ovrelying superficial West&arpathian nappe systems: the Fatric and
Hronic units are present only in the NE rim of #rea, so they have only small influence to
the basement structure in general. The third hegtonic unit of the basement is the
Trandanubicum located SE of the Raba and in itsirmeation S of the Hurbanovo-Didsjen
line. This south dipping tectonic surface is oné¢haf geologically most important ones in the
area, which was originally a Mesozoic overthrusangl of the Transdanubicum onto the
Austroalpine and Tatric-Veporic units, but durimg tearly Middle Miocene was rejuvenated
and functionned as an extensional listric planepposite direction. All other faults of the
area are younger.
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The main fault direction in the area is SW-NE comeloi with numerous and usually not
well detectable faults of roughly perpendicularedtion (S-N or SE-NW) (Figure 30). The
basement is dissected by them to a set of elewadod depressions: in Slovakia there are
four main depressions defined by NE-SW faults (fidnto S): Blatne, RiSovce, Komjatice
and eliezovce depressions. Except the northernnaost oldest Blatné depression, the other
depressions are directing into the Central, seedaBabikovo depression near the Slovakian-
Hungarian border, whose depth exceeds 8500 m.dHpeession is continuing further to the
SW into the Csapod Trough. On the NW side of th&&i Ridge an other fault-defined
depression of smaller depths is located.

Based on seismic profiles only a few faults cutltbever — Upper Miocene boundary as
it is defined in our model. Fault activity in theéalBhé depression is terminated already in the
Sarmatian.

However in general the NE-SW faults are defining tfectonic structure of the
basement, the situation in the central (Glatvo) depression is more complicated, partly due
to the lack of reliable data. This depression s deep for reaching lower horizons by wells
and thus also the interpretation of seismic prsfie problematic. In this part we joined
Hungarian and Slovakian faults, however the reaicsire is surely complicated by a set of
perpendicular faults.

Fig. 30 Simplified fault pattern of the Danube Bagilot area in the 3D model
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5.1.6 Cross sections

Based on the 3D geological model we constructedb8scsections (Figure 31). These
sections illustrate the fault-dominated Neogenduwian of the Danube Basin.

The oldest partial structure of the area is thdri@depression, which started to open
already in the late Lower Miocene and continuednape through the whole Badenian. On
the other side, Paleogene and Lower Miocene cawiés aan be found independently also in
the southern part of the area on the TransdanubianThese Paleogene — Lower Miocene
occurrences are not in contact, and representelifféacies and genesis.

In the Lower Badenian transgressions were approgdihom the NE as well as from the
SW located Styrian Basin and from south throughTitsmsdanubicum. However the SE part
of the area was not affected by these Badeniasgrassions. The Badenian transgressions
covered most of the area, the thickest depocemtréss time are in the Csapod Through and
the Blatné Depression. The Middle Miocene strat @esent almost in the whole area —
except the mentioned SE part. The Kralova Strataral existed in a sub-aerial environment
in this area and was gradually flooded by youngerdgression events.

The Sarmatian is present in the whole area and shelatively stable thicknesses,
however in the Sarmatian and Lower Pannonian asubsgidence phase is initiated, situated
mainly in the central depression. Due to this psscthe thickness of the Upper Pannonian
sediments in this part is extremely huge, exceetlirspme cases 2500 m.

Since the process is continuing, Quaternary thiskeg are also the greatest in this
central part, exceeding 600 m.
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Fig. 31 Geological cross sections of the DanuberBaikot area

139



5.1.7

Modelling

Before the modelling itself, we needed to prepanedata: well and seismic data as well
as bitmaps or other input types.

The preparation of the numerical data-sets fornttoelelling was provided by
common table and graphic editors (MS Excel, Acc&s$§IP etc.).

The map-based inputs were created in GIS applicstimainly in MapIinfo™, in
less extent in ArcGIS™. This phase included geoesiging and digitizing of
published maps, creating converting existing mapsdifferent coordinate-
systems onto UTM 33N, creating thematic maps (bmesh seismic profiles).

The 3D geological modelling itself was provided $gftware package Petrel™. The
modelling process included:

Getting the different types of data in the model

Editing the main data-sets: creating well-tops frbarehole data, digitizing of
the seismic profiles and calculating time-data atepth (for the Slovakian part
only), creating simple (non-faulted) horizons

Defining the fault pattern for the model, creatantaulted grid

Creating faulted horizons and zones.

For the surface we used the elevation model crdatgie SRTM Project (The Shuttle
Radar Topography Mission). While the base horizbthe Quaternary was mainly compiled
from earlier published data, the deeper horizongwenstructed from well data and seismic

profiles.

The recent fault pattern of the area is a prodticumerous tectonic phases of different
paleostress and direction characteristics whick fmace in various geologic periods — so the
situation is extremely complicated. In the modelsiraplified this complexity to achieve an
optimal picture, which roughly respects the manmucural elements of the fault pattern. An
example of the model is shown on Figure 32.

Views of the 3D model of the pre-Tertiary basement

from SW
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from NE

Fig. 32 Pre-Tertiary basement model of the DanusirBpilot area

5.2Vienna basin

5.2.1  Geological frame and history

Located at the transition zone between the Eagthisiand the Western Carpathians, the
Vienna Basin is a well-studied classical pull-apaasin showing the shape of a spindle
(Wessely 2006). Its general strike direction i€oted SW — NE, which is related to Paleozoic
metamorphic bedrocks of the Bohemian Massif (Vaisorogeny) acting as an indenter for
the Alpine thrusting (Brix & Schultz 1993).

In the area of the Vienna Basin sediments of séwtages of deposition are building a
succession partly in autochthonous position andlypéaransported as thrust sheets. The
tectogenetic evolution of the Vienna Basin areaabegith a first phase of subsidence during
middle Jurassic time which led to the genesis @&lyasedimentary rift basin (Pre-Vienna
Basin) and was followed by a more or less stabtmg@ef sedimentation from late Jurassic to
late Cretaceous (autochthonous Mesozoic sedimdiitis) passive margin basin setting ended
with the gradually evolving thrust belt in the dodbrming a molasse fordeep basin in the
north which was partly overthrusted by the Alpina/gathian nappes. Evidence for that is
provided by exploration wells showing Oligocene assie sediments below the Alpine
nappes at depth of up to 6000 m. Tensional foreggg ongoing thrusting in the early
Miocene led to the development of a piggyback basitop of the Alpine/Carpathian nappes
(Proto-Vienna Basin). Therefore we find today csp@nding sediments in the molasse
foredeep and in the northern part of the actuainWée Basin. The last and still ongoing
evolutional stage of the Vienna Basin is governgdéased thrusting and subsidence again
since early Miocene age due to pull-apart mecham($ieo-Vienna Basin).

As a consequence of this, the Vienna Basin ha® teeparated into three different main
floors: An autochthonous floor consisting of neogesediments on top, followed by
allochthonous Austroalpine and Penninic nappeschvim turn have been thrusted onto a
basal autochthonous floor consisting of tertiaryd anesozoic sediments as well as its
crystalline basement belonging to the Varisciandoian Massif.

The “Neo-Vienna Basin” is split into several higlaggaus and depressions, which are
separated by a system of normal- and strike-slift§ge.g. Vienna Basin Transform Fault-
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System, Leopoldsdorf- and Steinberg Fault-Systeih)the main depocenter (Zistersdorf
Depression) neogene basin fillings reach thickreeetep to 5000 meters.

The southern Vienna Basin is characterized by @raenectonically active rift system
(Wiener Neustadt Depression, Mitterndorf Depregsiamich is flanked by high-plateaus at
the western (Moedling Block) and eastern marginthef basin. Heading northwards, the
central rift system passes into a major depocdenwechat Depression) showing neogene
basing fillings of up to 4000 meters. Separatedtliy Leopoldsdorf Fault System, the
Schwechat depression opposites the thermal wateinigeso called “Oberlaa High” structure,
which is related to Neogene basin depths of lems 890 meters below surface.

5.2.2 Additional horizons

The decision on the build-up of the model was madegreement of both partners
contributing to the pilot area Vienna Basin (SGUBS GBA)). Prominent stratigraphic,
respectively tectonic units were chosen to be nembelith special respect to layers of
geothermal/hydrodynamic interest (Figure 33).

The Eggenburgian/Ottnangian horizon mainly considtglelta sands and represents a
possible reservoir on the Slovakian side. Thisfdal@es not play an important role on the
Austrian side of the pilot area as it appears @slya small deposit. Vice versa, the Aderklaa
Conglomerates are a promising reservoir on therrumsside but hardly extends across the
border.

To include the layer of the Mesozoic carbonatesamof the Austroalpine crystalline
basement was important especially for the bordgiore as they bear thermal waters
circulating between the two involved countriesorder to achieve a good geothermal model,
the geometric model had to be set up with spe@apect to varying petrophysical and
structural parameters (main tectonic layers as wasllhighly permeable-, porous-, dense
layers, layers with high heat capacity etc.).

As a result, the main stratigraphic layers (Upped dower Pannonian, Sarmatian,
Badenian, Karpatian) were modeled, adding the AdarkConglomerates (At) and the
Eggenburgian + Ottnangian (Sk). Main tectonic umépresent the Tirolic-, Juvavic-,
Bajuvaric Units, the Greywacke Zone (mainly on Auast side), the Central Alpine Mesozoic
Carbonates and the Bohemian Massive, adding theskiebel-, Gruenbach- and Brezova-
Myjava area Gosau because of their differing pétysital parameters. The modelled
horizons are shown in Enclosures 3.1 3.14.
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NEOGENE
Upper Pannonian
Lower Pannonian

PRE-NEOGENE
Juvavic Units

Sarmatian Bajovaric Unit
Badenian Gjosau Units
Aderklaa Conglomerates
: Greywacke Zone
Karpatian Central Alpine Mesozoic Carbonates
Eggenburgian + Ottnangian Bohemian Massif
Tirolic Units
Bajuvaric Units
Gosau Units

Greywacke Zone
Central Alpine Mesozoic Carbona

Fig. 33. Sketch of modeled layers in the ViennailBp#ot area.

The geological model of the Vienna Basin pilot aceasists of the following sixteen
horizons (underlined horizons were not modeleth@tsupra-regional area model):

Neogene sedimentary units:
Base of Upper and Lower Pannonian

Base of Sarmatian
Base of Badenian (top of Aderklaa Conglomerates)

Base of Aderklaa Conglomerates (Badenian)

Base of Carpathian

Eggenburgian plus Otthangian

Pre-Neogene units:
- Base of the Tirolic-, Juvavic-, Bajuvaric- Unitsygtroalpine nappes)

Base of Giesshuebel-, Gruenbaahd Brezova-Myjava area Gosau

Base of Greywacke Zone

Base of Central Alpine Mesozoic Carbonates

Top of the Bohemian Massieepresenting the deepest unit of the model)

5.2.3 Descriptions of additional horizon’s formations
The detailed description of all formations is founathapter 4.2 of this report.

Neogene Sediments

The layer of Aderklaa Conglomerates (part of theldsan sedimentation) was modeled
since it represents one of the most promising geothl reservoirs in the Austrian part of the
Vienna Basin. It does fulfill the requirements #ousage in a geothermal sense: high porosity
(up to about 20%) and permeability, adequate deptheder to provide sufficiently high
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temperature levels and moderate salinity (WesseB62 Enhanced subsidence during the
deposition is decisive for the great thickness pfta 360 meters and thus significant
hydrogeothermal potential.

Other important hydrogeothermal reservoirs areasgmted by Carpathian conglomerates
as well as Eggenburgian and Ottnangian delta sedémin the chapter 4.3 of this report, the
descriptions of Carpathian formations are represkhy the Laa Formations and sands of the
Sastin Member; the Eggenburgian and Ottnangiahéy.t ice Formation.

As far as the basin is understood up to date, thegg are the most promising geothermal
reservoirs within the Neogene sedimentation. Thengeric and numeric modeling work
focuses on these sands and conglomerates; stpdigah younger sediments without
significant potential were not modeled in more deta

Pre-Neogene Basement

The three Gosau Group sedimentary successions r{aale, Giesshuebel and Brezova-
Myjava area) were modeled individually. They do ma&ar geothermal potential but are
important to consider for the numeric simulatiors these partly up to 2.5 km thick
sedimentary deposits differ significantly from thgrounding units in terms of porosity and
thermal parameters. With porosities of about 5 % kv permeability, they are acting as
important seals in the oil- and gas industry asg akt as hydraulic barriers.

In the eastern part of the pilot area, the Mesozoier of the Austroalpine Crystalline
units can be seen as another interesting formé&ton a hydrogeothermal point of view. This
horizon preliminary consists of karstified carbasatand is object of complex water-
circulating systems. A prominent manifestation bége active hydrothermal systems is
represented by the thermal spring “Bad Deutschnblieg” (AT): Long travelled waters,
whose recharge systems are understood to be inutoeopping carbonates in the area of
Somar Mountain (SK) mix with young and colder watéom the area of the Hundsheimer
Mountains (AT). This flow-system as well as its gexiry and the petrophysical properties of
the bearing reservoir are aimed to be investightenhtegrating them into the later following
numerical simulations, which base on the achiewshgetrical 3D model.

The Tirolic Units (also karstic carbonates) are rtin aquifers within the Vienna Basin
system and a huge controlling factor regarding fldynamics. Waters migrate from the
outcropping Calcareous Alps south-west of the b#siough the deeply buried carbonates
until they rise at the Leopoldsdorf fault systend arise at various places throughout the
Vienna Basin (Oberlaa, Baden, Bad Voeslau, eta.thé central part of the Vienna Basin,
which is included at the pilot area, the Tirolicitdncomprehend a large reservoir of mostly
stagnant or slowly migrating thermal water showimgximum temperature, which are
significantly above 100 °C.

5.2.4  Geophysical evaluations: gravity, seismics, magne#lury

The achieved geometrical model of the Vienna Bpgdot area solely bases on published
geological data in terms of (i) maps, (ii) crosstgms and borehole data. Relevant results of
geophysical surveys until the early 1990s haveadlyebeen implemented into the processed
basement maps, (e.g. Wessely & Kroell 1993). AsGhelogical Survey of Austria, who has
been the responsible partner for the elaboratioth@fgeometrical 3D model, does not have
the competence of processing seismic data, andggowsurveys are focused on local scale
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hydrocarbon traps, it has been decided not to ugeihlished processed and interpreted
seismic data for elaborating the geometrical 3D @hod

Other geophysical data, such like gravity or magtediury are available from elder
surveys from the 1960s to the 1990s and are corapsélely incorporated in the Vienna
Basin structural maps (Wessely & Kroell 1993). Ataded interpretation of available
geophysical data for deep crustal structures aVibena Basin, for instance in order to model
background heatflow densities, is far beyond tlopemf Transenergy.

5.25 Tectonics

In general, five main fault systems were taken iatewount in order to structure the
geological model (Figure 34). In this context ofdults with a minimum offset of 500 meters
were modeled and surfaces were displaced along them

Fig. 34 The faults of the Vienna Basin in grey, thain fault systems framed with purple lines: the
Leopoldsdorf-, the Steinberg-, the Lassee-, theshakand Hodonin-Gbely fault system.

The most prominent fault on the Austrian side af fhlot area is the Steinberg Fault
(Figure 35) with a vertical displacement of up @)8 meters. It is one of the most prominent
faults on which the inner alpine Vienna Basin sdédiover long periods of time. In the area
of Pyrawarth, iron-rich wells are related to thasilt, as well as sulfur-rich wells at the area of
St. Ulrich north of Zistersdorf (Griss 1951). Theult itself was drilled several times due to
exploration of oil and gas entrapments, makingrcieat it is a heavily fractured fault zone
acting as a hydraulic barrier and thus influenchmgywater circulation decisively.
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Fig. 35 A west-east oriented cross section withpttteninent Steinbergbruch, displacing the basefgseveral
kilometers (by Wessely 2006).

A similar situation is shown at the Leopoldsdorufg-system), a normal fault with an
offset of up to 4000 meters. This fault separakes rharginal high zones of the southern-
(Hochscholle) from the deep parts (depressionf)@tentral Vienna Basin (Tiefscholle) and
represents a main controlling factor for groundwdtew within the basin. It acts as a
hydraulic barrier, where deeply circulating wat@ravelling mainly from the south-west) are
rising. Spas like in Oberlaa, Baden and Bad Voskae their thermal waters to this system
and remain an important economic factor in thisaeg

These two major fault systems (Steinberg and Letsolarf) are the determining factors
for tectonic segmentation of the pre-Quartarnargeb@ent on the western edge of the basin
(Plachy 1981).

The Lassee depression with the prominent faultskiytafneusiedel and Kopfstetten
represent a very young feature of the tectonicohysin the Vienna Basin. The Middle to
Upper Miocene negative flower structure of the keass Kopfstetten strike-slip fault shows
post sedimentary activity from the Upper Pannomawards and produce an offset of up to
several hundreds of meters. (Hoelzel 2009)

In the Slovakian part of the basin the faultingyésy complicated, so we unified several
faults into a general displacement zone.

In the eastern part, mostly the prolongation of Klopfstetten strike-slip to normal fault
system bound the young late Miocene SW-NE trendivigpor-Plavecky Mikulas graben from
the SE.

The NE situated Laksary elevation is cut by thewir Laksary normal fault with a
vertical displacement of up to 1500 meters.

The most westerly situated curveted fault systemmedeled like one vertical
displacement zone with Hodonin-Gbely system imdghern part.
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5.2.6 Cross sections

Two cross sections were created out of the geab@D model (Figure 36), one on the
Slovakian and one on the Austrian side of the pt@eea. Bold red lines indicate faults; bold
black lines indicate main tectonic surfaces.

Section A is located in Austria and stretches frili® Hainburg area with outcropping
Mesozoic carbonates and Central Alpine Crystallings of the Hundsheimer Mountains to
the oil field of Matzen, operated by OMV. The sentwas positioned so that it cuts through
all modeled horizons except for the Gosau of thezBva-Myjava area (restricted to SK
terrain) and for the Eggenburgian/Ottnangian (m@@posits on SK territory). The region
around the Hundsheimer Mountains comprising thenthe water spring in Bad Deutsch
Altenburg is an interesting case for the mixtureseferal trans-boundary water-circulation
systems. The remarkable fault on the eastern gdatheo section is the Kopfstetten fault
(Lassee Fault System), displacing the Neogene sstdmas well as the underlying units
several hundreds of meters.

Fig. 36.Cross sections of the Vienna Basin pilot area

Section B is located in the Slovak part of the tpelicea and stretches from the outcropping
Mesozoic carbonates north-west of the Somar Monrt@ithe city of Lab from where it
prolongs to the city of Sekule, where one of thep#st parts of the Vienna Basin is found.
Similar to section A, all modeled surfaces are aiiged, except the Gosau of the Brezova-
Myjava area, the Eggenburgian/Ottnangian (both morthe north-east) and the Aderklaa
conglomerates, which hardly prolong to the Slovakiarritory. The geometry of the
Mesozoic carbonates, here acting as the main rgeharea for the spring in Bad Deutsch
Altenburg, is also displayed in this section. Instlarea, the Kopfstetten fault displaces
Neogene sediments as well as the Tirolic unitsrapdesents the northern apophysis of this
fault.
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5.2.7  Modelling

As the Vienna Basins Neogene sediments are faiely kmown from numerous drillings
due to the extensive oil- and gas production, netfor the respective depth of formations and
the stratigraphic correlations are present. Pdrtieopre-Neogene basement are known from
hundreds of drillings but also from seismic survefisugh the deeply buried parts are in fact
hardly known. We rely on interpreted and publisdath like the basement map by Wessely
& Kroell (1993) and few cross sections.

The software package GOCAD was used to create the geological 3D models. In
combination, the programs ArcGIS (for preparing tradghe data and the later visualization
of the output) and GOCAB (for the modeling work) provide all necessary ot create a
geological 3D model, but also to later export farttier numerical simulations and
visualization (Figure 377).

Prepare data in ArcGIS Import and process data in GOCAB

Digital elevation model Georeference & digitize cross sections

Location of cross sections Interpolate horizons individually, cut and displateng
Drilling data faults

Geological surface & Create volumetric information (point clouds, grids)
subsurface maps Export depth maps & cross sections for visualizatio

Export volumes for further numerical simulati

Fig. 37 Sketch of the general modeling workflow

The main inputs for the 3D model were interpretedss sections (seven in number)
created by G. Wessely, (2006), J. Kysela (1983)Eandcesko & Potfaj (1978). They are more
or less equally distributed throughout the basid eontain drilling information with seismic
data. Well data (about a hundred) were used tméefie respective base of the formations in
areas where no interpreted cross sections werelablgi but were also used for
georeferencing of the cross sections. All horizaese adjusted to the surface of the pre-
Neogene Basement resulting from the published corlioes of the Vienna Basin’s pre-
Neogene Basement map (Wessely & Kroell 1993) as the best available information
regarding this prominent surface. This basement coaprs most of the pilot area, except for
a relatively small part in the north-eastern pdrth® Vienna Basin. It also provides the
outlines and thus the extent of the pre-Neogenmdtons under the sedimentary basin fill
respectively on the surface. Outlines of the Neegsadiments were used to define the
borders and extents of these units. Only faultk witlisplacement of greater than 500 meters
were modeled. Relating to the basement map, thenextf these faults was defined and
prolonged to the depth by the interpolated crosgises. All modeled surfaces of the
Neogene formations were cut and displaced alontsfau

In the Slovakian part of the Vienna Basin, isopatdps (Seifert 1989) of the Neogene
sediments in combination with the sparsely existindling data were used to model the
existing horizons. Two cross sections (from the ri&al Geological Map of the Slovak
Republic 1:200:000, Bratislava 2008”) picturing theesin fill as well as the basement (Kysela
1983 and Lesko & Potfaj 1978) were additionallydut® the interpolation. The coherency of
the input data for the Slovakian part was not asdgis on the Austrian side, thus adjustments
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of the data had to be done. Drilling informationswaven the highest priority, afterwards the
cross sections and least the interpolated isopagsm

To visualize the surfaces in context, screenshiotseoGOCADTM model of the Vienna
Basin pilot area were made (vertical exaggeratipfabtor two). Figure 38 A-J show a series,
where first a cross section cutting the model froanth-west to south-east is shown and
further the model is build-up, each with one sugfadded.

B:
Shows the cross section with the horizon of thebas
Mesozoic Carbonates on the eastern part of the goiéa

A:
North-west — south-east oriented cross sectiorutiirdhe
pilot area

C: D:
Adding the base of the Bajuvaric Units (left) Yellow: base of the Giesshuebel Gosau
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Blue: base of Tirolic Units

Lavender: base of Juvavic Units

I:
Light blue: base of Badenian, blue dots: well meske
white lines: 200 m contours

F:
Green: base of Gruenbach Gosau; yellow: base of
Brezova-Myjava area Gosau

Light grey: base of Neogene Sediments

J:
Coral: base of Pannonian, orange dots: well maykers
white lines: 200 m contours

Fig. 38.A — J: Sequence of screenshots of cross-sectiahswafaces within the Vienna Basin pilot area
GOCAD - model.
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5.3 Lutzmansburg—Zsira

5.3.1  Geological frame and history

The Lutzmannsburg — Zsira area is partly built figa ddasement high, cropping over the
sedimentary cover, which forms a marginal parthef Kisalfold. It has no natural, geologic
borders. The basement consists mainly of crystaltotks of the Austroalpin (Semmering-
Wechsel System) and the Penninic (Rechnitz windawifs. The Rechnitz Series consists of
two complexes: an ophiolite massif with serpenédisiltramafic, metagabbro, greenschist
and blueschist association and a metasedimentcaraplex with calcareous phyllite, quartz-
phyllite, metaconglomerate bodies. The Penninicrogs form the basement at the NW part
of the area. Lithologically the Penninic Unit catsi of Mesozoic detrital rocks
metamorphosed in greenschist facies evolved fromsicbaolcanites (quartzphyllite,
calcareous phyllite, meta-conglomerate and differgmeenschists) that can be examined
directly in surface exposures in the $¢eg Hills with maximal thickness of 594 m in
borehole. The age of the original rocks is Juraesi&arly Cretaceous (Csaszar 1997). The
metamorphosis took place during the Eocene and@dige, while the uplift, associated to the
cooling of the unit occured during the Miocene (Rl et al. 1983, Dunkl & Demény 1997).
Both are affected by low-grade Alpine metamorphisgimilar "Blndenschiefer" and
greenschist sequences are exposed in the TauerdoWinThe Unit is strongly folded,
consists of several internal nappes (Ratschbachel.e€1990; Dudko & Younes 1990;
Neubauer et al. 1992). The protolites are Jurassganic crust formations and pelagic
sediments which were rich in marly pelites (Dunkl Kbller 2001). This sequence was
subducted during the closure of the South Pen@cian and obducted and thrusted in nappe
systems during the Tertiary. It was exhumed duthng Middle Miocene crustal extension
(Tari and Bally 1990, Dunkl & Demény 1997). Unitgpresenting a basement high and
belonging to the Lower Austro-Alpine nappe unit ¢enfound in the northern part of the area
in 1000—-2000 m depth and consist of polymetamorghiiss and mica-schist. In the SE in
1000-1500 m depth the Devonian marble and calcarglate belonging to the Upper Austro-
Alpine nappes appear.

The pre-Upper Permian formations are traditionaflybdivided into low-grade
(Szentgotthard Phyllite, Mihaly Phyllite, Bik Doldtey Olb6é Carbonatephyllite) and very
low-grade (Nemeskolta Sandstoneschist, S6tony Mstdt) metamorphic formations. All of
them belong to the Rabamente Metamorphic Complaxdbrrelate with the Graz Paleozoic,
and are known from the deep drillings from the $getthard through, the Olbarea as far as
the NNE margin of the Mihalyi ridge. Further soutira towards Slovenia it probably occurs
in the basement along a narrow stripe near theriangborder. The succession reached by the
deep drillings on the Mihdlyi ridge and its surrdimgs was interpreted as the result of an
Early Paleozoic (Silurian?—Devonian) sedimentargleyy Fulép (1990) who considered the
Nemeskolta Sandstone as the basal unit of the apee different phyllites (Mihalyi Phyllite)
would follow with volcanic intercalations (Sotonydtéavolcanite) and Devonian carbonate
(Buk Dolomite) closes the sequence. The carbonacdeposition becomes more significant
upwards in the sequence. The correlation of thésseht Szentgotthard with the Mihalyi
Phyllite is uncertain, so they are treated seplgra®art of these rocks can be attributed to the
Lower Paleozoic rocks of the Transdanubian Rangd, taey have Paleozoic K-Ar ages
around 315 Ma (Arkai & Balogh 1989). On the othanth, schist of Szentgotthard, and the
phyllite of Mihalyi show K-Ar ages of 180 to 116 MArkai & Balogh 1989). This refers to
the effect of the Alpine orogeny in the discussecks, thus the K-Ar data can be interpreted
as mixed ages that partly became rejuvenated. Anathgrs, this makes it possible to
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distinguish these rocks from the very similar lovade metamorphites of the Transdanubian
Range Unit.

In a few boreholes, the metasediments contain Ifosdiombardia?, Tintinnida?,
Echinodermata?) which might suggest Late JuassarPr-Eretaceous? depositional age.
Although this paleontological result was not camid, Haas et al. (2010) figured a small unit
composed of late Mesozoic metasediments, the Ikemvié Its structural position is probably
between the Graz Paleozoic and Transdanubian Ranitge

The main basement formation of the area is the Bdlomite, which was exposed in
numerous boreholes around the SE part of the mlete (Bik, Olbd, Rabasdmijén,
Nemeskolta, Ikervar). The maximal thickness of Bigtomite Formation is 280 m.

The non-metamorphic sedimentary cover starts wattlyBMiocene (eggenburgian) rocks.
The basin fill sequence summary is presented aD#raube basin pilot area. The Miocen-
Pannonian porous sediment series has growing thsskrioward E-SE. The maximum
thichness is 2000 m at the eastern part of the omegiThe lithostratigraphic-
chronostratigraphic harmonization of the Neogert@nsentary cover sequence is the task of
the Slovakian, Austrian and Hungarian participdonytsneans of e.g. Csaszar et al. (1998).

During the Eggenburgian and Ottnangian the studg aras characterized by continental
sedimentation on the erosional surface of the palepozoic rocks. It unconformably
overlies the tectonically pre-, and synformed Mesozasement, and is unconformably
overlain by the Szilagyi, Kozardi, Lajta or youndgBannonian’ formations. In the middle
(HU) and the northern (A) region (in foreland ofd$¢eg Mts.) limnic, marsh or deep paludal
succession with lignite seams and with unsortesticlédasal beds were deposited (Brennberg
Formation). It is assigned to the Ottnangian omytlee basis of its overlying succession of
Karpatian-lower Badenian age (Ligeteré@Gravel Formation, “Auwaldschotter”), which is
made up mainly of fluvial, subordinately brackishter gravel, conglomerate, sand and marl.
Starting from the base the first two members (A¢giberd Gravel Member and
Fels ligeterd Gravel Member) are fluvial sandstones or conglatesr with pebbles derived
from the crystalline basement.

Due to early Badenian tectonic movements the magimsentary basin existed in the area
of the region: the Csapod Trough in its southeaspart (it came into being due to early
Badenian tectonic movements). This marine depressis divided by the Mihalyi Ridge.
The lower part of the lower Badenian is missing aler the area due to early Badenian
tectonic movements and erosion. Badenian successtart with the upper part of the lower
Badenian with abrasional basal breccia and conglaimelocally with calcareous matrix
(Pusztamiske Formation). In marginal, shallow maracies it is overlain by corallinacean
limestone (“Leithakalk”, Lajta Formation). Nearshofacies are characterized by grey,
greenish-grey sand-sandstone (Pusztamiske Format©Offshore deep-basin (shallow
bathyal) facies are represented by fine silicictasédiments: sandy silt, silty clay marl with
sandstone intercalations (Tekeres Formation), amdlyssilty claymarl, which in spite of
being an “atypical Baden Clay” (formerly known agoftonian Schlier”), has been classified
into the Baden Formation. In several borehole sastithick siliciclastic successions can be
observed, which, based on biostratigraphic invattigs, can be divided into lower and upper
Badenian (the deposition of upper Badenian sibkstit sediments (Szilagy Clay Marl
Formation) and are due to the renewed floodindghelate Badenian. Lithologically, the top
of the lower Badenian can locally be marked by appearance of gypsum and dolomite
laminae, which can be correlated with the sea ldvegb at about 14.2 Ma. In shallow marine
environments deposition of the ,Leithakalk” went on
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With the onset of the Sarmatian a significant cleaogcurred, which was triggered by the
restriction of the open sea connections of the @erRaratethys. Biogenic calcareous
sediments (mollusc-bearing limestone, and oolithiestone, Cerithium limestone) of
shoreline facies (Tinnye Formation) and fine-siliastic sediments (grey, greenish-grey clay
marl, sand, silty clay marl) of shallow-marine fexiKozard Formation) were deposited. The
upper Sarmatian carbonate successions indicatesdenably productive carbonate factory
of subtropical climate (Persian-Gulf-type ooidgflecting to hypersaline or hypercalcareous
conditions, thus the previous brackish-water hypsigis under debate.

The Pannonian sequence in the study area is assbp# system prograded chiefly from
northwest to southeast. During the Upper Miocenan(®nian) a more or less uniform
Pannonian Basin developed, the formation of whicay mhave been started in the late
Sarmatian. Predominantly fine-siliciclastic sequenof different facies accumulated in the
Csapod-trough along the synsedimentary normal fattlie basin on the southeastern part of
the area (Endd Fm.). The overwhelming part of the successionthefdeeper basin facies
(Endr d Formation) is made up homogeneous pelitic defadistal turbidites are represented
by separate sand bodies (Szolnok Formation). Uratervelope (delta slope and basin slope)
sediments are represented predominantly by dark dey marl as coarser sediments were
carried further basinwards to be deposited as diigs (Algy Formation). Sand bodies
occurring along the fluvial delta fronts belongthe Ujfalu Formation on the northwestern
part of area. Deposits of the alluvial plain angresented by the frequent alternation of fluvial
and lacustrine fine grained sand, silt, clay analy anarl beds locally with lignite strips
(Zagyva Formation).

By the end of the Late Miocene, rivers running ddwom the neighbouring mountains
filled up the basin, and a continental terrain cam being in the area of the former basin).

53.2 Additional horizons

The geological horizons are shown in Enclosures 44115. Extra horizon in the
Lutzmannsburg-Zsira pilot area is the “basemenDe¥onian formations”. The low grade
metamorphic Devonian carbonate formation (Buk $ithe main reservoirs of thermal water,
therefore it is very important for the hydrogeolmdi model. Basement of Devonian Buik
formation are the very low grade metamorphic NerokakSandstone/schits and Sétony
Metabasalt formations. All of these formations acaéw the subsurface below the Bk
Formation near Biik and more deeply downsliped bysymrift Répce-fault near Olb

The Devonian formations occur in two patches inatea. The boundary of the Devonian
formations in the northwestern patch are the thifusht between Upper and Lower
Austroalpine Units on the northwestern, and youngemal fault on the southeastern part.
The boundaries of the southeastern patch aregsaphical on the southern and the eastern
part, and structural (younger normal faults) onrtbghwestern part.

5.3.3 Descriptions of additional horizon’s formations

No extra formations identified in addition to Griaaleozoic (SD_G) and Biuk Formation
(Dmb) which description is provided in chapter 4.2.
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5.3.4  Geophysical evaluations: gravity, seismics, magnealury

Across the project area, 11 main 2D seismic profilere available for us: just from the
Hungarian part of the project area. The imageshefgrofiles in electronic format (SEG-Y
files) have been visualized and interpreted in KIN®M 8.5 sotfware. This software makes it
possible to track the identified horizons and fartl nappe surfaces along the profiles, to
correlate them at the intersections and to expir interpreted positions. In the exported
datasets, the horizons are sampled with X, Y, Zdioates in intervals of 100-200 m along
each profile.

5.35 Tectonics

The basement of the area NW of the Raba river (Rabenic line) is made up of
metamorphic rocks, which crop out to the surfacéhan Sopron Mts. and Kszeg Mts., and
represent the extensions of the East Alpine napfs towards Hungary.

There are two main thrust planes constructed bynalpectogenetical cycle. The Alpine
thrust planes are located on the margin of Reciwitzlow between Penninic and Upper
Austroalpine Units in the middle of the area. Farthore, another thrust plane is located
between the Upper and Lower Austroalpine Unitshanrtorthern part of the area (Figure 39).
Both of these tectonic planes occur as signifiiaes in the seismic profiles.

The thrust planes, formed in the Middle and Uppest&eous were separated by normal
faults in the Paleogene (Balogh & Dunkl 2005) aratl{ Miocene (prerift phase of the
Pannonian Basin). This normal fault tectonics wasnected to the basement exhumation
structure of the Rechnitz-window core-complex (T294).

The Lower Miocene siliciclastic and debris sedirsehiave been deposited in the
morphological lowlands on the tectonically prefodrs&urface of the crystalline units. The
subsequent Miocene depositional sequence coveedtirilnsts in Badenian.

The third main structural element of the pilot aieea younger normal fault which formed
in the synrift phase of the Pannonian Basin. Tipea&edly reactivated normal fault is located
in the southeastern part of the pilot area (in Huypg The NE-SW strike normal fault is
detected in the boreholes of Biik to the southeagtrarthwest of Olb boreholes, cutting
across the Lower Pannonian basement, the Miocenefmns and faulted the formations of
the Upper Austroalpine Units including the Bk Dwoite Formation (Fig. 37) and the thrust
plane between the Upper and Lower Austroalpine dJgatt of pilot area). This significant
fault was called ,Répce-fault” by Tari (1994).

On the eastern side of the younger normal faulttf@enhanging wall) faulted Badenian,
Sarmatian and upper part of Lower Pannonian deégrwadiments are found, indicating the
synsedimentary nature of the normal fault. The rarfault is covered by the basinward
prograding Lower Pannonian delta slope and Uppen&aan delta front, delta plain, alluvial
and alluvial plain sediments.
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Fig. 39.Main structural elements in the seismic sectiothateastern part of the Lutzmannsburg-Zsira pileaa
(Hungary). UAA — Upper Austroalpine Unit, LAA — Law Austroalpine Unit, PEN — Penninic Unit

5.3.6 Cross sections

Two geological cross sections were edited in thrmannsburg-Zsira pilot area (Fig. 40,
Encl. 4.16.). The 70 km long NW-SE direction geadadcross sections (PT_L 1) is cutting
the main structural elements, and demonstrate thellgeological buildup of the area. The
PT_L_1 geological cross sections is located alovig geismic profiles (XK-489 and VCSA
17) and goes through some key-boreholes (Zst-11,B8iE-2) which are important for the
hydrogeological models. It can be concluded thatAtpine thrusting and later reactivation of
these thrusts is important in the amount of arethefcrystalline metamorphic and low grade
metamorphic carbonate in the basement. At the dame the distribution of the younger
sediments is controlled by the synrift normal faulin the eastern part of the area. The
geological cross sections show well the thickerdhthe Pannonian layers to the east and the
synsedimentary fault activity in the Middle and @ppiocene (Pannonian) times.
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Fig. 40. Cross section lines in the LutzmansburigaZBilot area

On the northwestern part of the pilot area the geurdayers pinched out on the pre-
Terciary surface.

The 25 km long NE-SW strike geological cross sect{®T_L 2) is approximately
parallel to the the strikes of the basinfill sedmse but cross cutting the two main alpine
thrust planes. The geological profile shows wedl tlonnection of the Upper Austroalpine and
the Penninic Units.

5.3.7  Modelling

The geological model of the Lutmannsburg-Zsira tpdoea was done by the software
Jewel. The 3D geological modelling started with tw@lection of base datasets, which
included borehole data, previously compiled surfaalels and linear shapes, like the area
boundary and the geological map contents (i.eotectines).

The coordinates of the modelling area was derivedhfthe minimum and maximum
coordinates of the sub area shape with a 1000nepatine, thus a rectangular block was
defined in the modelling environment which gave fitsenes of the 3D model in the process.
The fence coordinates of the modelling area in UF3MN:

Easting: 596780 — 650675
Northing: 5232019 — 5280328

Due to the planned modelling workflow, the modetibons of the pilot area derived from
the supra regional subsurface horizons in thosesgcashere it was available. Firstly all
previously compiled horizons were clipped to fitthe modelling area. The original 100x100
m grid resolutions of the horizon-models were pnese:
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Linear elements, like the tectonic lines, the isgetions and the boundaries of the main
horizons were collected from the geological mapd arere draped onto the subsurface
horizons respectively.

The 3D objects of the faults and thrusts were m®ee manually in accordance with the
map data until the desired geometry of the faultases were created, however the original
datasets of the tectonic elements were created 2@reeismic data. Total number of tectonic
objects for the Lutzmannsburg-Zsira pilot area (S&ble 3.).

Table 3. Named tectonic surfaces and their paramete the geological model of the
Lutzmannsburg-Zsira pilot area.

Object Points No Mz?gg()np Mean azimuth (deg)
1| Penninian nappe thrust 5824 24.8 116
2 | Intra-Upper AuAlp normal fault 2679 31 104
3| Lower-Upper AuAlp nappe thrust 13901 27.6 148
4 | Lower-Upper AuAlp nappe thrust hw (unsure) 964 33.7 139
5| Penninian nappe thrust_erroded 5413 22 154
6 | Lower-Upper AuAlp nappe thrust _1 449 22.3 152

In JewelSuite the well, top, and horizon data sthall be conform with each-other in
order to create the 3D model. Thus after importimg base data, horizon-well correlations
were executed. The inconsistencies, revealed byd#ia validation of the model, were
corrected in the modelling environ, and the finaldal was verified for each horizon using
kriging with isometric exponential function.

Some modeled surfaces for the Lutzmannsburg-Zsirar@ shown on Figures 41-45.

Fig. 41. Pre-Cenozoic horizon model of the Lutznslmumg-Zsira pilot area from NE viewpoint.
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Fig. 42.Pre-Cenozoic horizon model of the LutzmannsburgaZsilot area with seismic data

Fig. 43.Pre-Pannonian horizon model of the Lutzmannsbuia4slot area without SRTM, from the south
viewpoint.
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Fig. 44. 3D model of the Lutzmannsburg-Zsira pdcta from the NE.

Fig 45. The models of the Pre-Cenozoic horizontaedntra-Austro-Alpian normal fault from the NEh&@
seismic data was imported to enhance the modalkedfidrizons.
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5.4 Bad Radkersburg—Hodos

5.4.1  Geological frame and history

The Bad Radkersburg—Hodos pilot area is situatethensouthwestern part of the supra
area. The bulk of the pilot area occupies the seeskern part of the Transdanubian Range
Unit bordered by the Raba Line to the northwesttfi@west, the pilot area encompasses a
small portion of the Styrian Basin. Along the Rdaio®, the Southburgenland Swell divides
the Mureck Sub-basin (a southernmost part of theigt Basin) from the Radgona—Vas
Subbasin (eroneously named also Mureck Sub-bassoimge authors). To the south, the pilot
area encompasses the Radgona—Vas Sub-basin amathiestern part of the Murska Sobota
High. To the north-east, the Bad Radkersburg—Hgulos area includes also the East Mura—

rség Sub-basin. The latter is bounded by the NNaNding Bajan fault to the west.

Relatively large part of the pilot area basementefgresented by the Koralpe-Pohorje-
Wo0lz megaunit, representing the deepest rock lingixtends from the pre-Cenozoic base of
the Syrian Basin via the Southburgenland Swell irstAa to Slovenia, and plunges eastward
under the thick Mesozoic sedimentary sequences imghry. It is composed of
polymetamorphic rocks, which are strongly affecteg Alpine tectonothermal events.
Lithologically gneisses, micaschists and amphibsliprevail, showing high pressure and
even ultra-high pressure metamorphism, detectetheateasternmost edge of the Pohorje
Massif near Slovenska Bistrica (Janak et al. 200@per Cretaceous collision built up the
nappe structure of the area. Three major thrubtaiqt sheets) are known: Strojna thrust,
Dravograd thrust and the biggest one (also callgope), Remschnig thrust. The Strojna
thrust consists of chlorite-amphibole and biotitdodte schists (lower part of the Kobansko
and Phyllite Fm..CaOph excluding phyllonites and mylonites). The overtyiDravograd
thrust is represented by phyllite (upper part ¢ #obansko and Phyllite Fm), while the
uppermost Remschnig thrust consists of the Magdbkng phyllitoid rocks (Magdalensberg
Fm.: OSsh. This succession is not continuous. Namely, thavbgrad and the Remschnig
thrusts can be thrusted directly onto the Pohorne Hternally, the thrust sheets show
decreasing metamorphic degree from the uppermoshdolowermost greenschist facies.
Together these thrusts form Krsko nappe (Gurktédecke), a structural duplex with
imbricated internal structure. Relatively thick éayof mylonites and locally phyllonites
formed as a result of thrusting. Due to lack ofag#hese units are not strictly divided in the
deep parts of the pilot area entering the Hungateantory, where none of the boreholes
reached them. Therefore they are merged into theramn Paleozoic-Mesozoic unRf_M3.

Most of these tectonic structures have been crosard dismembered by east-west strike
slip tectonics represented by a wider tectonic zoheéhe Raba Line, continuing to the
Radgona—Vas Subbasin. They were reactivated im tat#onic events, which resulted in
relatively good fracture porosity of the otherwisgoermeable basement rocks.

After a considerable tectono-stratigraphic gapn#am clastic rocks (Pt) were deposited
on the Magdalensberg phyllitoids. The only locality their occurrence is in the Som-1
borehole NE of Maribor. As their deposition was tho#luvial within restricted basins, it is
not surprising that they are not more widespread.

Very limited sheets of Triassic dolomites overlagriRian and metamorphic basement
within the Radgona—Vas Subbasin, and also on thibera slope of the Murska Sobota High.
They have thrust boundary with the underlying faiores and are interpreted as remnants of
the North Karavanke thrust (nappe). The dolomitess&rongly brecciated and are determined
as belonging to the Upper Triassic Main Dolomite Hi&d).
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In association with the dolomite, but tectonicdlgunded, the occurrence of the Gosau
Fm rocks (KPg_G) are shown in the area of the Mpeslof the Murska Sobota High. This
only about 200 m thick patch represents remnarthefrestricted Upper Cretaceous basin
dismembered by the strike-slip tectonics. As alyeatkentioned, the Mesozoic rocks and
particularly the Senonian formations reach sigaifity greater spread and thickness
eastwards, in the Hungarian part of the pilot agaat of the Bajan detachment fault.

The bulk of this thick Mesozoic succession is buit of Upper Triassic deposits. The
Upper Triassic begins with an intraplatform basiarihrand calcareous marl (Veszprém Fm,
Tkbls) with limestone intercalations in its uppeartp (Sandorhegy Fm, Tkbls). Norian—
Rhaetian is represented by thick (probably up tieva thousand meters) shallow marine
carbonates. Within them, the lower deposit is Mawlomite (T3d), which is overlain by
Kdssen Marl (T3bls) with high organic content amickness up to 400 m. That can be
covered by Dachstein Limestone (T3ls), which isofekd by the relatively thick (condensed)
layers of chiefly pelagic Jurassic sediments (Iheésuccession of the Transdanubian Range
Unit, but they are mostly eroded in the studiedaarelowever, deposits of the next
sedimentary cycle (the Senonian) occur in a laye @f the pilot area. The Senonian strata
are composed of marls (J4k6 and Polany Fm, K2mb witerfingering limestones (Ugod
Limestone, K2Is).

Tectonic events in Early Miocene rearranged thiefrslgnificantly. Newly formed large
basins were separated by the swells into sub-bakinte pilot area the Southburgenland
Swell separates Mureck and Radgona—Vas Sub-bdsms¢ 46). The Murska Sobota High
also acts as a swell bounding the Radgona—Vas &sib-lo the southeast. To the northeast,
the East Mura—rség Sub-basin was formed along the Bajan faulisi@ed basins were filled
by coarse-grained poorly sorted limno-fluvial aah fdeposits followed by the finer grained
“schlier-like” sedimentation MiIkb). In Mureck and the Radgona—Vas Sub-basins these
deposits are Ottnangian to Middle Badenian agehéncentral region of the Mureck Sub-
basin, some Upper Badenian sediments can be alswl f(well Mureck 1). Limno-fluvial
deposits (attaining thickness up to 500 m) prewaihe Ottnangian in the Mureck Sub-basin.
A similar unit appears somewhat later, presumablhe Karpatian (as Haloze Formation) in
the Radgona—Vas Sub-basin according to Jelen €R@06). Relatively uplifted areas (the
Southburgenland swell and the Murska Sobota Higevexposed to erosion at that time,
except for the southwesternmost part of the Soutdmiand Swell, which was transgressed
in the Karpatian. In the East Murarség Sub-basin the sedimentation begun in the opystr
Ottnangian with coarse-grained Ligetefdm (M1fc) and continued into the lower part of the
finer grained Tekeres (schlier) Formatidvkp_czt, Mk of Karpatian to Badenian age.

A substantial volcano was active along the nortste® margin of the Southburgenland
Swell during the Karpatian and Badenian. The traakgsitic to dacitic volcanites are present
on the Austrian part of the pilot area as “Gleidteng volcanic rocks”, while in Slovenia
relatively thin Rana tuff beds (Mbtu) presumably reflect the Badenativity of this
volcano. These tuff beds are a part of the Halarengtion.

After the Styrian unconformity (Karpatian/Badeniangarking a short tectonic inversion
associated with sea level drop, another transgnegsllowed accompanied by subsidence. In
the flooded areas sand, limestone and sandstoaesly sshales and occasional gravels
deposited in the shallow water. Vast areas werereavby the sea at that time. Sedimentation
of hemipelagic mud took place only in the distattpaof the Sub-basins.. In the southern
(Slovenian) part of the pilot area, lower parttof Spilje Formation represents mostly shallow
water deposits, as the western part of the RadyasmSub-basin was already filled up by the
end of Badenian. In the northeast, in the East Murség Sub-basin in the Hungarian part of

161



the pilot area, the lower part of Spilje Formatisncorrelated with the upper part of the
Tekeres Formation and the Szilagy Formation.

In the Mureck Sub-basin, the marine-basinal Badedegposits (clayey marl, sandy marl
— Mkb) can reach a thickness up to 450 m. Simeaireents with lower thickness cover the
previously drowned part of the Southburgenland kfirethe transition zone to Radgona—Vas
Sub-basin). The continuation of the swell to naate(around the country border point of
Slovenia, Austria and Hungary) was also floodedlhgllow water in the Badenian, allowing
the deposition of the Leitha Limestone (Mbls). Rertto northeast, a part of the swell was
tectonically deepened establishing a connectionth® Raab Trough (“Weichselbaum
depression”) in the area of Jennersdorf. Howevadeian deposits are not present on the
northeasternmost part of the Southburgenland Swell.

Regression in the early Sarmatian marks the boyruketween the syn-rift and the post-
rift stage. Lower Sarmatian is therefore charaséetiby the sand rich turbidites in the basins
and the uplift and consequently erosion of thetiradly elevated areas. Tidal sands and
occasional limestones (Msls) are varying with thallew water marls and occasional gravels
in the Southern part of the pilot area, where treesiments (Msmf) form the upper part of
the Spilie Formation. To the north-east, it is etated with the Kozard Formation in
Hungary. In Austria, the Sarmatian deposits coaegd areas of the Gleichenberg volcanites.
Sarmatian sedimentation probably also took placéhé&Mureck Sub-basin, however, this
succession (with estimated original thickness edicee300 m) has been eroded since then.

Transgression flooded vast areas in the Lower Raanphowever, the marine connection
of the basin had ceased for that time. As the sgink in the western part of the pilot area
were already filled up, deposition of the shalloater sandy marls and clays took place there.
These sediments still belong to the upper parhefSpilje Formation. To the east, the East
Mura— rség Sub-basin still existed, and the depositionthef deepwater transgressional
Endr d Marl Formation (Mpcm) took place there.

Due to ongoing erosion of the Alps in the northwéstge delta and shelf-slope systems
evolved in the north-western part of the pilot ar@aograding deltas and shelf-slopes
provided the material for the sandy turbidites (Mptwvhich make up the lower part
(Jeruzalem Member) of the Lendava Formation, wigaquivalent to the Szolnok Formation
in the northwestern part in Hungary. The shelf-slapas formed between the prograding
delta fronts and the deep basins (the latter pnogidpace for the deposition of turbidites).
Slope deposits are built up of mostly fine-grairsediiments, which eventually covered the
turbidites as the whole system prograded basinwdaius fine-grained slope deposits (Mplf)
represent the AlgyFormation in the northeastern part of the pileaarand correspond to the
upper part (Sodinci Member) of the Lendava FornmaitioSlovenia.

The sediments of the prograding deltaic systemngeto Mura Formation in Slovenia,
and Ujfalu Formation in Hungary. This part of theesession can be divided into two parts.
The lower one (Mdr) represents mostly sandy detintfdeposits, while the upper part (Md)
represents delta plain sedimentation characteliggatevailing silt and clay with occurrences
of coal and occasional gravel channels.

Sediments of the alluvial plaidPl_f) are deposited on top of the delta plain. In Shiae
they are represented by the Ptuj—-Grad formatiomté@meing numerous gravel bodies)
corresponding to the sandy to muddy Zagyva and al&dg Formations in Hungary.
Because these alluvial sediments cannot be diviced the underlying delta plain deposits,
they are not modelled separately, but merged Wigrunderlying deltaic sediments.
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Fig. 46.Sub-basins of the Bad Radkensburg-Hodos pilot area

54.2 Additional horizons

Apart from the horizons modeled in the supra aigacl; 5.1, 5.5-5.9), the following
additional ones are modeled in the BRH Pilot adedta front top horizon (Encl.5.2), and top
of the Pannonian turbidites (Encl.5.4).

Delta front top horizon (Encl. 5.2.)

Delta front top horizon is modeled because it repnés the upper boundary of a unit
chiefly composed of large, relatively homogenousest of sand deposited on the ancient
delta fronts. It is an equivalent of the lower paftthe Ujfalu Formation ('Mindszent
Member’) in Hungary. The surface was determinedoating to the available well logs,
where the distinction between prevailing coarsenipgiard sequences characteristic for the
delta front sediments is followed. The horizonngportant because it is bounded by two far
less permeable sedimentary bodies: on top of flelte, mostly fine grained silty and clayey
delta plain sediments lie with occasional sandravgl channels and coal. In the base of the
delta front sands, the quite homogenous fine-gdasiepe sediments are present, belonging
to the upper part of the Lendava Formation corredpm to the Algy Formation in
Hungary.

Top turbidite (Encl.5.4.)

Between the Pre-Upper Pannonian and Pre-Lower @&amaborizons another distinctive
horizon is recognized and modeled. Similarly tdalélont sands, the turbidites also represent
permeable sand bodies surrounded by much less ablenéayers of pelagic mud. The
Pannonian turbidites belong to the Szolnok FormaitioHungary, an equivalent of the lower
part of the Lendava formation (Jeruzalem Mb.) iov8hia.
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Turbidites are present in the eastern part of tRélBilot area. They are thickened in the
Radgona—Vas Sub-basin where they reach up to 40rthe east, their thickness is reduced
above the Bajan fault, suggesting its persistetitigc In the East Mura—rség Sub-basin the
turbidites thicken again to ca. 400 m and more.

The boundary between turbidites and the overlyimgparmeable fine-grained slope
deposits is also defined by well logs and seismifilps.

5.4.3 Descriptions of additional horizon’s formations

There are two further formations (over the one<lesd for the supra area) shown on the
maps of the extra horizons defined for this pilaza

The unit formed by the lower part of Mura and Ugf&lormations (Presika-PetiSovci and
Mindszent Members) is widespread in the deepespHrthe Pannonian Basin and its sub-
basins, but it is missing along the basin marginghe pilot area, it is present as a narrow
strip in the Radgona—Vas Sub-basin, but signifiyamidens towards the east.

The occurrence of the Lower Pannonian turbiditesu@alem Mb. of Lendava Fm. +
Szolnok Fm.) is similarly limited to the centragaper regions of the basins.

Lower part of the Mura Fm (Presika-PetiSovci Mbl)ewer part of the Ujfalu Formation
(Mindszent Mb.)

1. Synonimes, correlated formations: equal to somes mdr ary Fm (Slovakia)

2. Lithology (colour, texture, grainsize): grey to lpsV coarsening-upward bodies
of sand and sandstone (thickness: few to 20—25camtaining some gravelly
intervals + intercalating layers of chiefly greyt,smarl, clayey marl, marly
clay, clay, sandy and silty clay and some tracesoaf
Facies: deltaic and shallow lacustrine
Paleoenvironment: mouth bars and shoreface
Thickness: 0-380 m
Average sandiness rate: 70%

Porosity type: grain

Estimated porosity: 12-14%

Tendencies mainly in time: at a given location, uhd is relatively uniform

vertically

10.Tendencies mainly in space: the thickest sandb@didghe highest overall sand
ratio can be expected in the central parts of s, where the thickness of
the formation is the highest

11.Tectonic situation: post-rift phase of PannoniasiBa

©CoOoNOO AW

Lower part of the Lendava Fm (Jeruzalem Mb.) —i8doFormation

The Pannonian turbidites are distinguished fromuth@erlying and overlying formations
due to their permeability. They are mostly sandbitlites derived from the river input at the
basin margin. As the river delta formed and progdadhto the basin, the turbidites were
released and advanced towards the north-east.tufihidites are usually from several meters
to several tens of meters thick and bounded biets permeable carbonate silts. Their age in
the eastern part is Late Lower Pannonian to Laji@getpannonian.

1. Synonimes, correlated formations: equal to somts mdiivanka Fm (Slovakia)
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2. Lithology (colour, texture, grainsize): grey toligorown bodies of fine-grained

sand and sandstone with variable thickness (usB8all{y m) separated by 2—-20

m thick intercalations of siltstone, clay marl andrl

Facies: deep lacustrine turbiditic

Paleoenvironment: sublittoral, with repeated tutigidurrents on the lake floor

Thickness: 0-700 m

Average sandiness rate: 50%

Porosity type: grain

Estimated porosity: 9-10%

Tendencies mainly in time: sand ratio is slightweér in the upper one-third of

the formation

10. Tendencies mainly in space: the thickest sandbadidghe highest overall
sand ratio can be expected along the axis of dasgnbbent troughs

11. Tectonic situation: post-rift phase of PannoniasiBa

©COoNoOO W

5.4.4  Geophysical evaluations: gravity, seismics, magndwlury

5.4.4.1 Geophysical data

Gravity, magnetic, geoelectric and seismic reftactdata, which were acquired in the
Mura-Zala basin during more than 55 years, werepi@ch from different published and
unpublished sources. Potential field data (gravityagnetic) were mostly measured in the
1950's and 1960's. They are preserved in the asluf/Geoin eniring d.o.0. and Geological
Survey of Slovenia (Gosar, 2005a). Magnetotelluriethod has not been used yet in
Slovenia.

The Bouguer anomaly gravity map of the Mura-Zalaimdhat is shown in a paper by
Gosar (2005a, Fig. 3 therein) was constructed f8400 points measured with average
density of 1.5 points/km2 using Worden gravity met@Jrh, 1956; Plenar, 1970). Bouguer
anomalies were calculated using reference densilyes between 1.9 and 2.2 gfcthat
derive from several profiles with use of the Netttemethod. Data were reduced to the datum
plane of 150 m a.s.l. which is very close to thedst elevation of the surface in northeastern
Slovenia. Similar pattern of Bouguer anomalies iov&nia are presented also on the
gravimetric map of former Yugoslavia (Bilibajkeet al., 1979). More detailed gravimetric
surveys were done in certain limited areas, sudr@snd Cmurek, Parovci and Dankovci,
predominantly within the underground gas storagdfecs investigations (Stagvi , 1987a,
1987b, 1990).

A magnetic map of the Mura-Zala basin that is pres by Gosar (2005a, Fig. 4 therein)
was extracted from the regional map of the vertmainponent of the magnetic field in
Slovenia (Stopar, 1996-2000). The latter is basethe surface magnetic measurements with
an average density of 2 points/knusing balance magnetometer Ruska and torsion
magnetometer Askania (Novak, 1958, 1959; Mikli969). Smaller parts of the Mura-Zala
depression were later prospected for the projecinderground gas storage also with proton
precession magnetometer (Gosar, 2005a). No aera@nagnurvey has been carried out in this
region yet. In the area of Cmurek a more detailegmetometric research was also performed
for the purpose of underground gas storage invegstigs (Starevi , 1987a).

For the purpose of searching for the possible grdend gas storage aquifers many
geoelectrical soundings were measured in sevelffareit areas of the Mura-Zala basin. An
overview of older geological and geophysical inigegtons in the area of Lenart and
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Cerkvenjak on the Murska Sobota extension blocklees compiled by Mioet al (1984).
All these different areas are located on the MuiS&hota extension block in the Slovenske
Gorice region (Car, 1987b; MladenoyiLl959; Ravnik & Vida, 1984), around Gabernik ie th
Ptuj-Ljutomer-Budafa synform (Car, 1986a), north tbe Radgona—Vas half-graben at
Cmurek (Car, 1987a). Some geoelectrical sounding® warried out within the thermal or
mineral water aquifer investigations, especially tertiary aquifers at Radenci (Car, 1990,
1994) or near Lenart (Ravnik & Podreka, 1983) amdsiearching the aquifers in the fault
zones of metamorphic rocks in Maribor (ivanoyil991).

Reflection seismic profiles were acquired predomilyafor hydrocarbon prospecting.
The density of seismic profiles varies considerathigrefore data coverage in the pilot area is
not as good as in the vicinity of Lendava (in S p&athe Mura-Zala basin), where the major
oil and gas fields are located. Most of the prsfileere recorded by Geofizika Co. Zagreb
using the line explosive sources (Geoflex and Rrord). The distance between the geophone
groups was 30-40 m and CMP (common-midpoint) cayer24 to 30 fold (Gosar, 2005a).
Some more recent profiles were recorded using tibeoSeis source. Data processing was
performed mostly by INA Naftaplin Co. in Zagreb ngithe standard processing flowchart
(Djurasek, 1988hb).

5.4.4.2 Structure of the pre-Tertiary basement from
geophysical data

The structural map of the pre-Tertiary basemenDhyasek (1988a) was modified with
newly acquired data and using improved seismic oigloinformation from reflection
profiling and measurements in the boreholes, whilbbwed more accurate time to depth
conversion (Gosar, 2005a, 2005b).

The topography of the pre-Tertiary basement is vaoely reflected in the Bouguer
anomalies map which shows the main structureschireg in a SW-NE direction. The axes of
antiform structures correspond fairly well with theavity maxima; on the other hand there is
a discrepancy between the axis of synform strustfRadgona—Vas half-graben, Ptuj—
Ljutomer synform) and gravity minimums (Gosar, 2805Ihe main tectonic units are not so
well reflected in the magnetic map as in gravityad@specially in the SE part of the Mura—
Zala basin (Gosar, 2005a). Lateral variations isceptibility or deeper structures may have
greater influence on the magnetic anomalies thpagi@phy of the metamorphic rocks. The
metamorphic basement was hit by drillings in abtiuboreholes (including the Maribor area)
that are grouped in certain areas. Consequentybtindaries between different lithological
units are only roughly known. In addition, metanmfocgprocks are covered in places with
Mesozoic carbonates and clastic sediments in tligdétea—Vas half-graben and in the SE part
of the Ptuj—Ljutomer synform (Gosar, 2005a).

At Rde i breg area the only outcrops of metamorphic raeitsin the Mura—Zala basin in
Slovenia are those with quartz-sericite schists@ndlite at the border between Slovenia and
Austria as a part of so the called South Burgenkawmell (Gosar, 2005a). They are marked as
positive magnetic (+75 nT) and gravity (+46 mGaipmalies. Gravity anomaly extends to
the southwest into the Cmurek anticline (+18 m@adth gravity and magnetic anomalies are
the eastward continuation of the Kozjak Metamorpkiomplex (Gosar, 2005a). The
Radgona—Vas Sub-basin is located south of the Sduthenland swell, which separates the
Mura—Zala Basin from the Steiermark basin (Gos@052). The pre-Tertiary basement dips
in a northeast direction from a depth of 1700 r@ahkova to 4100 m at Dolenci (Fodor et al.,
2011, http://www.t-jam.eu/ ). The NW slope of thébbasin towards the Rdebreg is pretty
steep with a lateral gravity gradient of 5-7 mGail/iGosar, 2005a). Radgona—Vas Sub-basin
has two closed minimum areas in Slovenia: +5 m@#alveen Lenart and Gornja Radgona
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and +3 mGal at Cankova, giving a hint to two smiadligbbasins. The third minimum to the
NE at Salovci has about 0 mGal, but continues @uriito Hungary. The axis of these gravity
minimums is shifted to the SE with respect to thes @f the basement topography in this
subbasin, the latter is derived from seismic reéifbecdata (Gosar, 2005a). There is not yet
enough data about the lateral extent of individitiablogical units and their densities because
only 7 boreholes all together in NE Slovenia ddlldgrough the Mesozoic carbonates and
clastic sediments to the metamorphic rocks. Se,dhservation can't be explained yet (Gosar,
2005a). The Radgona—Vas Sub-basin is expressed matinetic data in its SW part as
elongated negative anomaly (-25 nT). The small@utar positive anomaly (+75 nT) NW of
Ma kovci is related to the Upper Pliocene basaltskaasaltic tuffs (Gosar, 2005a).

The Murska Sobota extensional block is a directinaation of the Pohorje Metamorphic
Complex below the Neogene sediments. It is vergrblereflected in gravity and magnetic
data (Gosar, 2005a) and it is split into two ridgesr Krog: the northern one is the Murska
Sobota ridge and the southern the Martjanci ridigehe SW part of the massif the depth to
the basement is 400 to 500 m, while at the Mursiao it is about 1100 to 1300 m (Fodor
et al., 2011, http://www.t-jam.eu/ ). In the grguvihap the Murska Sobota extensional block is
expressed as a distinctive elongated positive alyomigh two maximums (+13 mGal and
+12 mGal). East of Murska Sobota there is a widgeplu (+6 mGal) that is separated from
larger positive elongated anomaly by the Martjandf. Besides, the magnetic map shows a
larger positive anomaly (+150 nT), which is cleashifted towards the SE with regard to the
structural height of the Murska Sobota extensidiatk is (Gosar, 2005a). There are only
four boreholes (Pel, Dan-1, Mt-3, Sal-2) in the transitional areawsen Radgona—-Vas
half-graben and NE part of the Murska Sobota exbeas block that were drilled through the
Mesozoic carbonates and clastic sediments and&dign the metamorphic rocks. Therefore,
it is still difficult to make estimation on lateréithological variations in the metamorphic
rocks that may cause such a discrepancy (Gosaba200he amphibolites, pyroxenite and
gneiss prevail in the area, and their measuredeptibdity is at least 10-times greater than
that of carbonates and clastic rocks, therefois,ftitt still cannot explain the relatively high
amplitude of this anomaly. So, the most probableseais a deeper unknown structure
composed of magmatic rather than metamorphic ractts much higher susceptibility. Two
structures (Pearovci and Dankovci) in the transitional area be&meRadgona—Vas half-
graben and NE part of the Murska Sobota extensiaoak, having potential for underground
gas storage in aquifers, were also explored inld€asar, 2005b).

A separate paper by Gosar (2005b) presents a metailedl seismic reflection
investigation carried out for underground storadeg@s in aquifers of the Parovci and
Dankovci structures that are located in the traovsd area between Radgona—Vas half-
graben and NE part of the Murska Sobota extensigoak.

545 Tectonics

The Bad Radkersburg—Hodos pilot area comprisesmam subvertical tectonic lines,
which represent continuation of the Ré&ba Line zome the Radgona—Vas tectonic half
graben. Inbetween these two lines, the zone isnglyotectonized, including diverse
lithological units, mostly as lenses and imbricalescases when Mesozoic carbonate rocks
are present, lenses bounding, minor and less ewlimrapping faults are considered. Both
main tectonic lines were formed at the time of than strike-slip tectonics in Oligocene—
lower Miocene. Later deformational phases reaaivaand deformed them. The latest
subrecent, inversional compression inclined thesmfmostly subvertical position to north-
vergent. The depth of the two structures is nowkmdout due to the regional significance of
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the strike-slip phase (in Oligocene—lower Miocerbgy should cut considerable part of the
pre-Cenozoic rock sequence. There is no data exedér the faults to continue into the

Tertiary formations. Therefore, the upward defoiorats interpreted only as folding in order

to avoid unnecessary complication in geometry fbiclv we have no evidence. Nevertheless,
Neogene deformations most probably include at leswsbr normal and reversely reactivated
faults. Due to the mentioned compressional defdonatthe Radgona—Vas tectonic half
graben is asymmetrically closing and its westwamatiouation terminates NE of Maribor.

Towards the east, on the Slovenian—Hungarian bptigermetamorphic sequences plunge
under the thick Mesozoic cover, separated alon@#jén detachment fault, a low-angle fault
zone probably crosscutting the whole Austroalpiappe system. The Bajan detachment fault
was active in the Late Cretaceous, as it is prdehorehole Bajan M-I. Miocene activity is
also unambigous, as East Muraség Sub-basin, a large half-graben filled with &&ioe
deposits was formed in the hanging wall. Associdtethe detachment surface, a series of
normal faults can be observed; these often bounthmetric tilted blocks. Drag folds
commonly occur along the normal faults.

5.4.6 Cross sections

Two (trans-national) geological cross sections wetesen to describe the Bad
Radkersburg—HodosS (BRH) pilot project area, theBR_1 and PT_BR_2 (Figures 47-49).
The PT_BR_1 Cross section begins a few kilometast ef Maribor and continues to the
NNE between Mureck and Bad Radkersburg, through &orand into Hungary along the
south-eastern margin of the BRH pilot project area.

Fig. 47. Cross section lines in the Bad RadkersHdoglo$ Pilot area
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5.4.6.1 PT_BR_1 Cross section

In the west, the P-1 cross-section begins in thehsewesternmost part of the Radgona—
Vas Sub-basin. North of Bad Radkersburg, the PT_IBBross-section trace adopts more
easterly trend and across the Bajan fault contirings the East Mura—ség Sub-basin
(Figure 48).

The western part of the cross-section in the Pree@ac basement cuts predominantly
rocks of the Pohorje Formation. Thin slices of Kabansko and Phyllite Formation rocks of
the Strojna and Dravograd thrusts, comprising thdedying phyllonites and mylonitized
Pohorje Formation rocks cover flattened areas @fethistward subsided blocks. Several small
lenses of Triassic dolomites occur as remnanthe@iNorth Karavanke thrust on the northern
slope of the Murska Sobota high near Korovci andaRerci. In continuation, tectonically
bounded Senonian Gosau Fm. rocks occur in theadrBankovci. The Triassic, as well as
the Senonian rocks are underlain by the KobanskioPdnyllite Formation rocks. The whole
sequence is eastward subsided along the Bajanhdetat fault for more than 1000 m.

The step-like Cenozoic basement relief refers & 3buthburgenland swell along which
the Radgona—Vas Sub-basin is subsided in Lower &fiecTo the east, the Bajan fault marks
another boundary along which the East Murség Sub-basin was subsided in the same
time. To the east, the Radgona—Vas Sub-basinlesl fitith Haloze formation, thinning out
towards the east, suggesting the transport dire¢tam the NW to the SE. The basin is filed
up with the sediments of the Lower Miocene Halopentation corresponding to the lower
part of the Tekeres Formation in Hungary. AcrossBlajan fault, the thickness of the Lower
Miocene deposits is increased in a few grabensgaibe secondary faults belonging to the
Bajan fault system. More than 1000 m of Lower Mimesediments are present in the western
part of the Radgona—Vas Sub-basin and in the Easa-Mrség Sub-basin.

Pre-Badenian deposits are mostly arbitrary definetthe subsurface due to lack of data.
The Badenian lower part of the Spilje Formatiolsfilp the western half of the Radgona—Vas
Sub-basin, and moderately thins up towards the, dasiping approximately the same
thickness until the eastern margin of the East Muraég Sub-basin. Across the Bajan fault
the lower part of Spilje Formation correspondshi® merged upper part of Tekeres Formation
and Szilagy Formation with thickness up to 1200mthie eastern part. Like in case of the
Lower Miocene, the geometry of the Badenian sedimalso shows that the basin was filled
from the NE, where the sediments are the thickest.

The Sarmatian deposits are significantly thinnet simow rather uniform thickness across
the entire cross section. The upper part of Spifjenation (in Slovenia) of roughly Sarmatian
(subordinately lowermost Pannonian) age is comdldb the joined Kozard and Endr
Formations in Hungary. The thickness of the Sarmmatieposits in the cross section is up to
500 m.

Lower Pannonian formations are represented by thedava Formation in Slovenia
corresponding to the merged Szolnok and Aldgprmations in Hungary. These sediments
begin only in the central part of the cross sectlmecause the Radgona—Vas Sub-basin was
already filled up by then. The formation is sigoéintly reduced in thickness along the Bajan
fault and thickens again to the east, suggestiag tthe eastern bloc (hanging wall) of the
Bajan fault was still subsiding in the PannoniantHe Radgona—Vas Sub-Basin there are up
to 500 m of the Lower Pannonian deposits and upO m in the East Mura Sub-basin in
Hungary.

The geometry of the merged Upper Pannonian andQReternary sediments is
essentially the same. The merged Upper Pannoniéaicjeand Pre-Quaternary fluvial

169



deposits represent the Mura Formation (delta famick delta plain) merged with the Ptuj-Grad
(alluvial) Formation. These sediments are thickeshe eastern part of the cross-section, up
to 1300 m. Above the Bajan fault the thicknessheke formations is reduced to mere 300 m,
and pinching out towards the west in the vicinitylee Bad Radkersburg area.

Fig. 48 PT_BR_1 Cross section of the Bad-Radkemsbiados pilot area

5.4.6.2 PT_BR_2 Cross section

The PT_BR_2 geological cross section runs roughlMW—-SE direction. In the north, it
begins in Austria a few kilometres NW of Mureck amdntinues just south of Bad
Radkersburg, and ends in Slovenia, a few kilome&E®of Radenci along the SE boundary of
the Pilot project area (Figure 49). The PT_BR_Zsrgection starts in the south-eastern part
of the Western Styrian Basin, crosses the westarngd the Southburgenland swell and the
Radgona—Vas Sub-basin, and ends up on the Murdia&Bligh.

The northern part of the cross section in the R¥rreZoic basement cuts the rocks of the
Koralpe—Pohorje—Wdlz unit. Thin thrust layer of tkebansko and Phyllite Formation rocks
lie on the unit on the northern side of the Soutgbunland swell, covered by a thick Neogene
succession. The southward prolongation of the KeradPohorje-W6lz unit, the Pohorje
Formation, is subsided, forming the base of theg@ad—Vas Sub-basin. Further to the south,
the Murska Sobota High is transpressed along trersely reactivated, roughly E-W trending
fault. Thin slice of the Kobansko and Phyllite Fatron rocks occur on its northern slope and
cover flattened area on the top.

In the north, the oldest Neogene sediments lieopnot the Koralpe—Pohorje—W6lz unit.
The oldest Neogene sediments belong to the Ottaarajid Karpathian on the northern side
of the Southburgenland swell. These sediments awughty correlated with the Lower
Miocene Haloze Formation in Slovenia. On the sauttsédde of the Southburgenland swell,
the Haloze formation fills up the Radgona—Vas Sabih but not the Murska Sobota High.
In general, the thickness of the Lower Miocene dépan the Styrian Basin as well as in the
Radgona— Vas Sub-basin exceeds 1000 m.

The Badenian sedimentary succession representethéoylower part of the Spilje
Formation is almost 500 m thick on the northerre 2fl the swell, and significantly thickens
in the Radgona—Vas Sub-basin. Due to lack of deephioles in this area, the exact thickness
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of the Badenian and Lower Miocene formations ast joughly interpreted. The Badenian
sedimentation reached also the Murska Sobota Higlaning that it was flooded during the
Badenian transgression. Sarmatian deposits arepsalent in the southern part of the P-8
cross-section in moderate thickness less than 180 m

Lower Pannonian formations are not present in thhesssection, because the basin was
filled up by the Sarmatian already. The Upper Parmaroformations (merged Mura and the
Ptuj—Grad Formations) are present only above theaepart of the Radgona—Vas Sub-basin,
and in the southernmost part of the cross-sectioin® Murska Sobota High.

Fig. 49 PT_BR_2 Cross section of the Bad-Radkemsbilados pilot area

5.4.7 Modeling

The geological model of the Bad-Radkensburg-Hodas was performed by the software
JewelSuite, similar way as it was described atliltzmannsburg-Zsira pilot area in chapter
5.3.7). Building the 3D geological model of thegpilrea started with the collection of base
datasets, which included borehole data, previowslsnpiled surface models and linear
shapes, like the area boundary and the geologiaplaaontents (i.e. tectonic lines).

Due to the planned modelling workflow, the modetihons of the pilot area were derived
from the supra regional subsurface horizons inehogses, where it was available. The
topographic surface was the SRTM (Shuttle Radaro@m@phic Mission). Firstly all
previously compiled horizons were clipped to fitthe modelling area. The original 100x100
m grid resolutions of the horizon-models were pnesse:

In JewelSuite the well, top, and horizon data sti@lll be conform to each-other in order
to create the 3D model. Thus after importing theebdata, horizon-well correlations were
executed. The inconsistencies, revealed by thewdditdation of the model, were corrected in
the modelling environ, and the final model was fiedi for each horizon using kriging with
isometric exponential function.

Some results of the model are shown on Figures250-5
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Fig. 50 3D model of the Bad Radkensbug-Hodos pitea

Fig. 51 Cross section prepared by JewelSuite ¢fcation see Fig. 50)
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Fig. 52 Cross section prepared by JewelSuite ¢fcation see Fig. 50)

5.5 Komarno-Sturovo

5.5.1  Geological frame and history

The area is consisted of low and moderately eleviiiés, low mountains and part of the
Danube lowland. The hills are part of the Transtéemmu Range of Hungary. The area
comprises the Pilis Hills, the northern marginioé Buda Hills, the whole Gerecse Hills, and
the northern margin of the Vértes Hills. The wastpart of the study area extends to the
easternmost margin of the Danube Basin.

In the northernmost part of the study area a spedl of the Vepor Unit can be found
below Cenozoic rocks, which is bordered by the lodvo-Didsjen Line from south. The
crystalline complex, which is several km thick, ¢éevered in the Hungarian part by
Palaeogene and Neogene rocks. In Slovakia (Kom#étook) even by Carboniferous,
Permian and Mesozoic cover sequences (Vozarova 2anvVh996) can be found, which is
built largerly of Triassic dolomites and limestongsto 1000 m in thickness. The crystalline
series is built up of biotite-gneiss, biotite-stwsth greenschist intercalations. Structurally it
is a north vergent, Cretaceous (“pre-Gosau”) nappe.

In the northeastern part of the study area, theaBudsegrad Hills and Boérzsony
Mountains, the Neogene volcanic—volcanosedimentarlys dominate the geology.

The bulk of Transdanubian Range is formed by MidtleUpper Triassic platform
carbonates, which were deposited on the passivgimairthe Tethys Ocean. During an Early
and Middle Jurassic rifting, the shallow water caréites were covered by a thin, reduced
pelagic Jurassic limestones, marls, and chertysliomes. The carbonate succession continues
with a Lower Cretaceous clastic sequence, uniquegh&n Transdanubian Range. The
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siliciclastic marl, sandstone, conglomerate of Bsran—Albian age is about 600 m thick. In
the western foreland of the Gerecse and Vértes,Hille succession continued during the
middle and late Albian with terrestrial clastickaow-water limestones, and finally turned to
open-marine marl. No sediments younger than Ceniamavas preserved.

The Mesozoic succession was deformed by severaghcamus deformation phases. The
main result would be the nappe emplacement of thelevTransdanubian range over other
units, probably over the Veporic unit as well. Qtb&ects are the gentle folding and small-
scale imbrication of the unit. These deformatioterted during the Berriasian, amplified
during the Albian but reoccurred during the Cenoiaxa€oniacian.

They were followed by an extensive denudation pknehich resulted in development of
subtropical denudation surfaces and strong karatin in carbonates. The long period of
denudation ended in the Middle Eocene, when thehgeag residue was preserved in form
of bauxite lenses of industrial qunatity.

The denudation was ended by a new basin-forminggs®in the Middle Eocene. The
sediments of the Hungarian Palaeogene Basin stéotdok deposited in a compressional
setting (Tari et al. 1993). The Eocene successtanisswith a transgressive sequence:
continental, carbonaceous deposits are followeddritic nummulitic limestones and bathyal
(locally turbiditic) marls. The transgressive Eoeesequence has been extensively, the
regressive sequence has been completely erodebeirarea during an early Oligocene
denudation event. Basin subsidence acceleratedeiiate Early Oligocene. In the western
part of the region the Eocene rocks are succeedatediately by Oligocene fluvial layers,
which gradually pass eastward and upward into lshckthen open marine rocks. The
transgressive sediments can be found north of timbdthovo-Didsjen Line as sandstones
then pelitic rocks. The basin was filled up by sdodes and siltstones during the late
Oligocene.

The Neogene basin fill sequence is similar to thenue basin pilot area, see its
description there.

In the western foreland of the Grecse Hills the dé#® sedimentation started in the late
Early Miocene (Eggenburgian—Karpatian: Somlovadgrisrmation). This fluvial-limnic
successions made up of pebble, sand, marl, vae@gddy, locally with thin coal seams can
be traced in boreholes drilled in the Kisalfoldswaard to the western foot of the Gerecse
Mts. The subsidence of the Danube Basin commentdtieaend of the Early and the
beginning of Middle Miocene. The main part of tlya-sift phase acted during the Karpatian
to Middle Miocene and the post-rift, or thermal paaluring Late Miocene and Pliocene. The
Karpatian and Badenian sediments occur in the weéteeland of the Gerecse, in the eastern
margin of the Danube basin and in the Zeliezovcdayment of the Danube basin in
southern Slovakia. Along the eastern margin of thanube Basin transgressive
conglomerates, sandstones and volcaniclastics aeglaon by neritic calcareous clays,
siltstones and subordinately sandstones (Bajtavend&on). No early to Middle Miocene
sediments were preserved on the elevated partheofGerecse, Pilis Hills. Terrestrial
sediments occur, however, in the southernpart ®fatlea, in the Zsambék Basin. The upper
Badenian succession comprises calcareous claysstosgs and sandstones with
volcanoclastics, as well as biogenic limestongbémargins.

With the onset of the Sarmatian a significant cleangcurred, which was triggered by the
restriction of the open sea connections of the 1@erRaratethys. Biogenic calcareous
sediments (mollusc-bearing limestone, and oolithioestone, Cerithium limestone) of
shoreline facies (Tinnye Formation) and fine-stliastic sediments (grey, greenish-grey clay
marl, sand, silty clay marl) of shallow-marine si(Kozard Formation) were deposited. The
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upper Sarmatian carbonate successions indicat@sadepably productive carbonate factory
of subtropical climate (Persian-Gulf-type ooid€flecting to hypersaline or hypercalcareous
conditions, thus the previous brackish-water hypsithis under debate.

Late Miocene is marked by a thin succession nearetavated Mesozoic outcrops, but
reaches the normal thickness in the northernmodt gfathe area, in Slovakia. The thin
succession is marked by the lacustrine Szak Fooma#éind is covered by poorly developed
delta and fluvial sediments, which are difficult separate. Pliocene is only present in
Slovakia, while Quaternary is mostly representedfloyial sediments, loess, and slope
deposites.

5.5.2 Additional horizons

For the Komarno-Sturovo pilot area the Pre-Oligecamd the Pre-Senonian horizons
were compiled additionally. The compilation was dzhsiot only on the available well data,
but on the previously published maps also, whichevimported into the model.

55.3 Descriptions of additional horizon’s formations

The additional horizons did not contain formatidmst are not included in the harmonized
legend (chapter 4.2.).

5.5.4  Geophysical evaluations: gravity, seismics, magndalury

For the construction of the different maps divegsephysical data were used. Namely,
few seismic reflection profiles touched the bourydair the study area. Magnetotelluric data
generally indicate a good conductivity layer belthe Transdanubian Range, It is generally
considered as the nappe base, detachment zong, wloch the Transdanubian Range was
emplaced onto lower structural units.

The most extensively used geophysical data wagiaty data set. Bouguer-anomaly
map and derivate maps clearly indicate major Ceinadepressions. Derivate map was used
for construction of the fault pattern, particulagtyareas, where borehole data were lacking or
scarse.

555 Tectonics

The structure of the Komarno-Sturovo area is quitemplex. Several phases of
deformation can be recognised on the basis of ffiereht structural horizons. From a
detailed study of the nearby Vértes Hills, and frdrmasin-wide regional studies 13
deformation phases were reconstructed (Budai, F@O08, Fodor 2010). Most of these
phases created map-scale faults, but it is diffituiclassify all faults to single deformation
phases. Instead, most faults suffered reactivatiahbelong to several phases with different
fault kinematics.

The southern margin of the area touches an impioidait, the Vértessomlé fault. This is
a Cretaceous thrust, which places Upper Triassiksrover Cretaceous sediments and causes
apparent sinistral displacement of Mesozoic fororeiup to 6km (Balla, Dudko 1989). The
true slip is reverse-dextral (Fodor in Budai, Fod008). This fault may perturb the fluid-flow
system of the Transdanubian Range karst reservoir.
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The northernmost margin of the study area apprsathe Hurbanovo-DidsjenZone.
This is a complex deformation zone, along which r@ansdanubian Permo-mesozoic
sequence is in contact with the Veporic Unit witletamorphic crystalline and Permo-
Mesozoic sedimentary rocks. The nature of the gamtine is still debated (Balla 1989,
Koroknai et al. 2001). It was probably a Cretaceoappe boundary, with nothwestern
vergency. In the late Cretaceous it was probalagtreated as low-angle normal fault (Fodor,
Koroknai 2000). It was further deformed in the &t€retaceous and Tertiary as strike-slip
fault and finally could by reactivated as northif@cnormal fault in the Miocene.

Other smaller scale reverse faults can be detectéte pre-Tertiary map. Repetition of
the whole Mesozoic pile, from the Upper Triassid-taver Cretaceous is present in the Pilis
Hills, and at the western margin of the Dorog Baginlding was associated with these
deformation phases. Folds are gentle, with sulmadréixial planes. Several repetition of the
sequence is interpreted as folds, instead of fatgshe Pre-Tertiary level, mainly in the
western foreland of the Gerecse Hills.

Early Miocene strike-slip faults also play impottaale in the study area. E-W trending
dextral and NNW-SSE trending sinistral faults coatdtumulate several hundred to km scale
displacement. These faults frequently reactivatedggne structural elements. During the
Eocene and Oligocene E-W trending faults could erenal separation. The best example is
the Nagysép basin and also the margin of the Dbasin, where syn-sedimentary slip can be
documented by thickening Paleogene sediment pilleemanging wall blocks.

Several important NW-SE, N-S to NE-SW trending &gt across the study area. These
faults could have a long slip history. However,ytiveere certainly active during different
phases related to the formation of the PannoniainBdhese could be normal or oblique
normal faults during the main rifting phases otl&arly to mid-Miocene ages (D9 and D10
of Fodor 2010). Most of these faults were stillvaetduring the late Miocene D12 phase as
normal faults. These faults seem to be connect&NiB-WNW trending faults in the Slovak
part of the area; here the faults could have salistormal kinematics.

Major faults bound tilted blocks, generally halBbens of different size and depth. The
largest could be the Zsambék, Many, Tarjan Basinsnulative offset along boundary faults
could be in the range of 500-1000m. In the DorogiB&W-SE trending margin faults also
have more than 500m separation and formed duregtin syn-rift phase.

The modelled tectonic surfaces are shown on Fig8re
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Fig. 53 Modelled tectonic surfaces of the Komarnar&/o pilot area

55.6 Cross sections

3 profiles across the study area were construdtggue 54, Encl. 6.19). The sections
follow important boreholes. In addition, other buoées were projected from the close
vicinity. We also used the surface formations (amgbography), and the pre-Cenozoic top
surface from diverse databases, namely from theaSapea map, and earlier maps. We
prepared a database for both the faults and foomdioundaries observed in the detailed
geological sections. This database intends to peseparate visualisation of faults and
boundaries of different types and/or rank (sizejuddly, formation boundaries are grouped
into discordance and normal boundary classes, aiitarent signs. Formation tops are also
separated by colours. These boundaries are alssif@d using importance (rank). The most
important boundary is the top of Mesozoic rocks,iclhis equally important for
hydrogeology. Other major boundaries are the TigABgassic, Jurassic/Cretaceous, and the
Paleogene/Miocene boundaries. Formation boundeaie®e used for detailed interpretation.

177



Fig. 54. Cross section lines in the Komarno—Stur@ifot area

Cross sections show the intense tectonic deformatiothe area together with maps.
Sections visualise better the mostly asymmetricnggoy of the major half-grabens. They
were formed in divers tectonic phase, partly durthg Paleogene (Dorog, and Nagysap
Basins), partly during the divers phases relatedh& formation of the Pannonian Basin.
Sections show the generally slightly tilted geometrthe Cenozoic fill. Below the Cenozoic
rocks Mesozoic succession is more tilted than Ceicoczover, but dip degree rarely exceeds
30 degree. Several tectonic elements do not ches€énozoic base, but a number of them
were reactivated during Cenozoic events. Revensésfaccur in the Mesozoic rocks. Folds
are restricted to pre-Cenozoic rocks, expect foalldrags of formations near major normal or
strike-slip faults: these fault-related folds wetgserved in the field and showed in sections.
The general structure of the Transdanubian Rangeatded structure, which is reflected in
cross sections.

5.5.7 Modeling

The geological model of the Komarno-Sturovo pilokaawas also performed by the
software JewelSuite. Similarly to the Lutzmannskdsga area building the 3D geological
model of the pilot area started with the collectadrbase datasets, which included borehole
data, previously compiled surface models and lirskeapes, like the area boundary and the
geological map contents (i.e. tectonic lines). Toerdinates of the modelling area were
derived from the minimum and maximum coordinateshef pilot area shape with a 1000m
puffer zone, thus a rectangular block was defimethe modelling environment which gave
the frames of the 3D model in the process.

Due to the planned modelling workflow, the modetihons of the pilot area were derived
from the supra regional subsurface horizons inehogses, where it was available. The
topographic surface was the SRTM (Shuttle Radaro@m@phic Mission). Firstly all
previously compiled horizons were clipped to fitthe modelling area. The original 100x100
m grid resolutions of the horizon-models were pnese:
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Linear elements, like the tectonic lines, the isgetions and the boundaries of the main
horizons were collected from the geological mapd arere draped onto the subsurface
horizons respectively. Attribute data were attadiweglach linear object to mark their relations
to the main model-horizons. The query of these t§h&D linear elements was carried out
with GIS applications (Autodesk and ArcGIS). Theek were used as references in the
modelling application to refine the original honmo 3D lines from the compiled cross-
sections were also imported into the model withilsinmethod (Figure 55).

The model contains only limited number of borehql@2 wells). These are the ones
which were included into the Transenergy projetbase and lies within the boundaries of
the pilot-area, however the subsurface horizonsveempiled from all available borehole
data.

The linear objects of the faults were processedualgnin accordance with the map data
until the desired geometry of the fault surfacesenereated. Seismic data were not available
for the pilot area.

Each individual fault was named after a geograjitation nearby, their rank and the dip
direction as the letters of the points on the caapé.e.: T1-NagyGeteNy N). Total number
of fault surfaces is for the Komarno-Sturovo pdo¢a is 38 (Table 4).

Table 4. Named tectonic surfaces and their parasete the geological model of the
Komarno-Sturovo pilot area.

. . Mean

Object Pcl)\llrg)ts M((egg ()j'p azimuth

’ (deg)
1| T1-BajnaOrhegyNy JN 684 57.3 234
2| T1-TataDK_N 665 64.3 144
3| T1-VertesszolosNy N 315 58.7 260
4| T1-TatabanyaDNy BN 724 62.1 223
5| T1-KeselohegyEK B 178 64.8 454
6| T1-Gbelce-LelaE_J 5430 63.2 315
7 | T1-Komarno-GbelceENy_NB 5956 60.7 338
8| T1-VasztelyNyDNy_N 624 49.5 243
9 | T1-CsurgohegyEK_N 567 67.9 39.5
10| T1-SzomorNyDNy N 958 63.8 262
11| T1-NagysapEEK_NJ_new 1641 62.8 74.6
12 | T1-TatabanyaNy N 1161 55.4 274
13| T2-TatabanyaNy N 643 65.6 272
14| T3-OregKovacskK_N 218 61.2 87.7
15| T1-OregKovacskK_N 527 62.7 88.7
16 | T2-OregKovacskK_N 159 55.2 83.9
17 | T1-GerecseDK_N 1008 60.3 111
18 | T1-GerecseENy_N 489 60.2 301
19| T1-GerecseEK_N 244 63.4 22.1
20| T1-HeregKisSomlyoNy N 514 61.8 237
21 | T1-KatonacsapasNyDNy N 908 63.2 247
22 | T1-MogyorosbanyaEEK _NJ 553 67.3 55.3
23| T1-NagyGeteNy_N 59 59.3 249
24 | T1-MagoshegyD NJ 652 67 202
25| T1-DagDNy_N 1142 60.6 220
26 | T1-TinnyeDNy_N 1041 58.9 225
27| T1-BaranyhegyNy N 550 51.9 276
28 | T1-PilisDNy_N 293 53 214
29 | T1-FeherSzirtbK_N 594 48.7 211
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30 | T1-NagyStrazsahegyDNy N 1665 58.2 223
31| T2-LencsehegyE-N 433 57.4 282
32| T1-DorogE_N 466 68.8 154
33| T1-DobogokoEK_NJ 1856 54.8 43.4
34 | T1-PilismarotEK_N 1515 63.2 36.2
35| T1-Modrany-NanakE_J 7280 55.8 180
36 | T1-ZebegenyNy N 2599 65.4 218
37 | T1-PilisDK_N 549 55.5 74.5
38 | T1-FeketehegyEK | 186 58.9 28.4

Explanation: T1: first order tectonic element (maesnt on fault >= 400 m); the E, D, K, Ny letterseafthe
geographic names indicate the Northern (E), Sontf), Eastern (K) and Western (Ny) sub area ofdgiven
territory. N indicates that the object is a faulhile | is an inverted fault (or thrust fault) ader B is a dextral or
sinister horizontal fault. The last part of the mastring indicates the orientation of the planéttsrs, which are
similar to the ones referring to the geographiemtation.

In JewelSuite the well, top, and horizon data sthall be conform to each-other in
order to create the 3D model. Thus after importimg base data, horizon-well correlations
were executed. The inconsistencies, revealed byd#ia validation of the model, were
corrected in the modelling environ, and the finaldal was verified for each horizon using
kriging with isometric exponential function.

As part of the modelling a 3D voxel grid was créafigure 56) from the surfaces and
borehole top data. The model definition based @naterage thicknesses of the geological
formations on those area, where no well data wadadble. The final sub-surface horizons
were derived from the 3D voxel grid.

Fig.55 The models of the Pre-Cainozoic, Pre-Paramand Pre-Upper Pannonian horizons with the tacton
surfaces. The map of the Pre-Cainozoic horizondvaged onto the surface model.
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Fig. 56 3D voxel grid model of the Komarno-Sturgitmt area from the NW.

181



6 References

Andrusov , D. 1968: Grundriss der Tektonik der hioheén Karpaten — Verlag der
Slowakischen Akademie der Wissenschaften, Brasslav

Arkai, P., Horvéth, Z., Toth, M. 1987: Regional mmabrphism of East Alpine type Paleozoic
basement, Little Plain, W Hungary: mineral assmésaglite chrystallinity, -b° and coal
rank data — Acta Geologica Hungarica 30/1-2, 153-17

Arkai, P. & Balogh, K. 1989: The age of metamorphisf the East Alpine type basement,
Little Plain, West Hungary: K/Ar dating of K-whitaicas from very low- and low-grade
metamorphic rocks. — Acta Geologica Hungarica 32-147.

Balla,Z. 1988:0n the Origin of the structural pattern of HungaryActa Geologica
Hungarica 31/1-2, 53-63.

Balogh, K., Arva-So0s, E., Buda, Gy. 1983: Chrogglof granitoid and metamorphic rocks
in Transdanubia (Hungary). — Annuarul Institului@eologie i Geofizic 61, pp. 359—
364.

Balogh K. & Dunkl I. 2005: Argon and fission tradkting of Alpine metamorphism and
basement exhumation in the Sopron Mts. (Easters,Adpngary): thermochronology or
mineral growth? — Mineralogy and Petrology 83. ppl—218.

Be ka, Z., Narkiewicz, M. 2008: Devonian — in: Ma@a T. 2008 The Geology of Central
Europe 2, 383-410, The Geological Society, London

Bezak V. (Ed.), Broska ., Ivanicka J., Polak Motfgj M., Bucek S., Janocko J., Kaliciak M.,
Konecny V., Simon L., Elecko M., Fordinal K., Nagy, Maglay J. & Pristas J. 2008:
General Geological Map of the Slovak Republic 1:200 — Ministry of Environment of
the Slovak Republic, Bratislava 2008.

Bilibajki , P., Mladenovi, M., Mujagi , S., Rimac, I., 1979: An Explanatory Guide for
Gravimetric map of SFR Yugoslavia — Bouguer anoesa 1:500.000. Federal
Geological Survey, 63 p., Belgrade (in Serbo-Cergti

Birkenmajer, K. 1986: Stages of structural evolutod the Pieniny Klippen Belt, Carpathians
— Studia Geologica Polonica, 88., 7-32.

Bo ovi , M., Matoz, T., 1991: Komo poroilo o raziskovalni vrtini PE-1 — Arhiv GeoZS.
Internal report (in Slovenian).

Boovi , M., Sadnikar, J., Kranjc, S., Matoz, T., 1988zRkave za podzemno skladifje
plina na obmgu Slovenskih Goric. Komo poroilo o raziskovalni vrtini SOM-1/88 v
Somatu — Arhiv GeoZS. Internal report (in Slovenian

Brix F. and Schultz O. (Eds.), 1993: Erdél und Eslin Osterreich, 2nd edition —
Naturhistorisches Museum, Wien.

Buni , I., Sterk, L., 1988: Seizmka refleksivna istra ivanja Slovenske gorice - Cetur
Podzemno skladistenje plina. 1987. Arhiv Geoin grgr GF-091 — Internal report (in
Croatian).

Car, M., 1986: Podzemno skladehje zemeljskega plina. Geoelekire raziskave pri
Gaberniku — Arhiv GeoZS. GF-501. Internal repant Slovenian).

Car, M., 1987a: Podzemno skladifje plina. Geoelektme raziskave pri Cmureku — Arhiv
GeoZS. GF-533. Internal report (in Slovenian).

182



Car, M., 1987b: Podzemno skladgje plina. Geoelektme raziskave v Slovenskih Goricah
— Arhiv GeoZS. GF-599. Internal report (in Sloveem.

Car, M., 1990: Geoelektme raziskave pri Radencih — Arhiv GeoZS. GF-78€erimal
report (in Slovenian).

Car, M., 1994: Geoelektme raziskave pri Radencih — Arhiv Geoin eniring &&ZS. GF-
906. Internal report (in Slovenian).

Cimerman F., Jelen B. & Skaberne D. 2006: Late Bedenthic foraminiferal fauna from
clastic sequence of the Socka — Dobrna area awmtiémostratigraphic importance
(Slovenia) — Geologija 49/1, 7-44.

Csészar, G. (Ed.) 1997: Lithostratigraphical uaftslungary — MAFI Kiadvany, Budapest,
114 p.

Csaszar, G., (Ed.) Pistotnik, J., Pristas, J.,®leM., Koneny, V., Vass, D., Vozar, J. 1998:
Explanatory notes to the surface geological map@DANREG programme

Csontos L., Voros A. 2004: Mesozoic plate-tectarimonstruction of the Carpathian region
— Palaeogeography, Palaeoclimatology, Palaeoecokidy 1-56.

Djurasek, S., 1988a: Pregledna karta podloge &ecga otkrivenim naftnim i plinskim
objektima — Arhiv INA-Nafta Lendava (in Croatian).

Djurasek, S., 1988b: Results of up-to-date geophysivestigations in Slovenia in years
1985-87 — Nafta 39, 6, 311-326 (in Croatian).

Djurasek, S., Bezuh, K., Simon, T., Zec, V. 198anRovci - Pearovci. Strukturno tektonska
interpretacija na osnovi buSotinskih i seizkiih podataka — Arhiv GeoZS. Internal
report (in Croatian).

Djurasek, S., Veselovac, K., Bo oviM., Sadnikar, J. 1988a: Komo poroilo o raziskovalni
vrtini Gb-1 v Gabrniku — Arhiv GeoZS. Internal regp@n Slovenian).

Djurasek, S., Veselovac, K., Zec, V., Simon, T.8@8earovci - Dankovci - Berkovci.
Strukturno tektonska interpretacija na osnovi gedfih podataka - 1988 — Arhiv
GeoZS. Internal report (in Croatian).

Djurasek, S., Veselovac, K., Zec, V., Simon, T.8@8nterpretacija seizmkih podataka za
istra ni objekt Gabrnik - istok. — Arhiv GeoZS. knal report (in Croatian).

Dudko, A. and Younes M. T. (1990): Alpine plastefarmation in the Kszeg Mountains
(Hungary). — Foldtani Kozlény, 120., 69-82.

Dunkl, I. and Demeény, A. 1997: Exhumation of theeR&tz Window at the border of Eastern
Alps and Pannonian basin during Neogene extenstofhectonophysics 272, 197-211.

Dunkl, I. and Koller, F. 2001: Penninic of the Reith window group - version 1. — In:
Dunkl, I., Balintoni, I., Frisch, W., Janék, M., Kaknai, B., Milovanovic, D., Pamj J.,
Székely, B. and Vrabec, M. (Eds.): Metamorphic Map Database of Carpatho-Balkan-
Dinaride Area. http://www.met-map.uni-goettingen.de

Fodor, L., Gerdes, A., Dunkl, I., Koroknai, B., Bkay, Z., Trajanova, M., Horvéth, P.,
Vrabec, M., Jelen, B., Balogh, K., Frisch, W., 200Bocene emplacement and rapid
cooling of the Pohorje pluton at the Alpine-PanmorbDinaridic junction, Slovenia. Swiss
journal of geosciences, suppl. 1, vol. 101, stb53271,

Fodor, L., Uhrin, A., Palotas, K., Selmeczi, |.,ddé A., Toth-Makk, A., Scharek, P., Ri nar,
., Trajanova, M., 2011: Geological conceptual mauéhin the framework of project T-
JAM — GeoZS—-MAFI, 70 pp., Ljubljana—Budapest.

Fodor, L., Uhrin, A., Palotas, K., Selmeczi, I.,d¢& A., T6thné Makk, A., Scharek, P.,
Riznar, I., Trajanova, M. 2011. Geological-struatugeological conceptual model. T-

183



JAM Screening of the geothermal utilization, evéiluaof the thermal groundwater
bodies and preparation of the joint aquifer managerlan in the Mura-Zala basin.
Operational Programme Slovenia-Hungary. 2007—2018laruscript Budapest MAFI.

Froizheim, N., PlaSienka, D., Schuster, R. 200®i#d tectonics of the Alps and Western
Carpathians — in: McCann, T. 2008 The Geology aitée Europe Vol. 2. 1141-1232,
The Geological Society, London

Fuldp, J. 1990: Magyarorszag geolégiaja. PaleomnikyGeologiy of Hungary. Paleozoic 1.)
— Geological Institute of Hungary, Budapest, 326 p.

General Geological Map of the Slovak Republic 1:200 — Dyonisus Stur, Bratislava 2008

Geoloski Zavod Ljubljana, 1988. GeoloSke in ekonkermnailnosti nahajalis nafte in plina
v SirSem panonskem, alpskem in mediteranskem prodtompilacijska Studija — Arhiv
GeoZS. Internal report (in Slovenian).

Goldbrunner, J. E. 1988: Tiefengrundwaesser im &iterreichischen Molassebecken und im
Steirischen Becken. — Steirische Beitraege zur biyeologie, 39, 5-94.

Gosar, A., 1993: Modeliranje refleksijskih seizmh podatkov za podzemno skladigje
plina na obmagju struktur Pearovci in Dankovci v Murski depresiji: magistrskeld.
Ljubljana — Univerza v Ljubljani, Fakulteta za napalovje in tehnologijo, 1993. VI, 186
str. (in Slovenian).

Gosar, A., 1995: Modeliranje refleksijskih seizmh podatkov za podzemno skladgje
plina vstrukturah Parovci in Dankovci-Murska depresija = Modellingssismic
reflection data for underground gas storage irP@arovci and Dankovci structures-
Mura Depression. Geologija, 1994/1995, No. 37/383-549.

Gosar, A., 2005a: Geophysical and structural chearactics of the pre-Tertiary basement of
the Mura Depression (SW Pannonian Basin, NE Slayert+ Geol. Carpathica 56/2,
103-112.

Gosar, A., 2005b: Seismic reflection investigatiforsgas storage in aquifers (Mura
Depression, NE Slovenia) — Geologica Carpathic&,5835-294.

Grill R. (1951), Exkursion in das Korneuburger wes nordliche inneralpine Wiener Becken
— Verhandlungen der Geologischen Bundesanstalg&baeft A: 1-20, Wien

Gross, M., Fritz, 1., Piller, W.E., Soliman, A., aauser, M., Hubmann, B., Moser, B.,
Scholger, R., Suttner, T., Bojar, H.-P. 2007: Tremfkne of the Styrian Basin — Guide
to Excursions (Das Neogen des Steirischen Becke&skursionfiihrer) — Joannea
Geologie und Palaeontologie 9, 117-193.

Gross, M., Harzhauser, M., Mandic, O., Piller, W,.E5gl, F. 2007a: A Stratigraphic
Enigma. The Age of the Neogene Deposits of Gragigdt Basin, Austria). — Joannea
Geologie und Palaeontologie 9, 195-220.

Gyalog L. és Budai T. (Eds.) 2004: Javaslatok Maggzag foldtani képziményeinek
litosztratigrafiai tagolasara — A Magyar Allami [Eékni Intézet Evi Jelentése 2002,
195 232.

Gyalog L. (Ed.) 1996: A foldtani térkeépek jelkulassia rétegtani s a rétegtani egysegek
rovid leirhsa — A Magyar Allami Foldtani Intézekalmi kiadvanya, 161 p.

Haas, J., Budai, T., Csontos, L., Fodor, L., Konfag. 2010: Magyarorszag pre-kainozoos
foldtani térképe 1:500000 (Pre-Cenozoic geologicap of Hungary, 1:5000000). —
Geological Institute of Hungary (Magyar Allami Ftdd Intézet).

Haas, J., ed., Hamor, G., Jambor, A., Kovacs, &gyNarosy, A., Szederkényi, T. 2001:
Geology of Hungary — Eo6tvés University Press, Buesip317 p.

184



Haas, J., Mio, P., Pami, J., Tomljenovi, B., Arkai, P., Bérczi-Makk, A., Koroknai, B.,
Kovacs, S. & Ralisch-Felgenhauer, E. 2000: Contionaof the Periadriatic lineament,
Alpine and NW Dinaridic units into the Pannoniarsiba— Int. J. Earth Sciences 89,
377-389.

Handler, R., Ebner, F., Neubauer, F. Bojar, A.Nermann, S. 2006: 40Ar/39Ar dating of
Miocene tuffs from the Styrian part of the PannarBasin: an attempt to refine the basin
stratigraphy — Geologica Carpathica 57. 6, 483—494.

Hardenbol, J., Thierry, J., Farley, M. B., Jacquin,Graciansky, P.C., Vail, P.R.1998:
Mesozoic and Cenozoic sequence chronostratigrdigmework of European basins —
In: C.P. Graciansky, J. Hardenbol, T. Jacquin édssozoic and Cenozoic sequence
stratigraphy of European basins. SEPM Special Paifibns 60, 3—13.

Hoelzel M. (2009), Quantification of tectonic movent in the Vienna Basin — PhD thesis,
University of Vienna.

Horvéth, F. 1995: Phases of compression duringtoéution of the Pannonian Basin and its
bearing on hydrocarbon exploration — Marine andddetm Geology 12, 837-844.

Horvath, F., Sztano, O., Uhrin, A., Fodor, L., BaaA., Kébor, M., Worum, G. 2012:
Towards a dynamic model for the formation of tharRmian basin. — Geophysical
Research Abstracts 14, EGU2012-10178.

lloti , J., 1986: Seizmka refleksivna istra ivanja. Radenci, 1986 — Arl@eoin eniring.
GF-097. Internal report (in Croatian).

INA and GZL, 1986: Studija-Plan in program raziskavd nafte in plina v SR Sloveniji za
obdobje 1986-1990. INA projekt Zagreb OOUR KGl, (&8&i zavod Ljubljana TOZD
GGG. 6 knjig. — Arhiv GeoZS. Internal report (ino8€nian).

Janak, M., Froitzheim, N., Vrabec, M., Krogh RavRa,2006. Ultrahigh-pressure
metamorphism and exhumation of garnet peridotitd3ahorje, Eastern Alps. — Journal
of metamorphic geology, 24, 19-31.

Jelen, B., Rifelj, H. 2001: Ali so se globalne kiiteke in tektonske spremembe odrazile na
karpatijski in badenijski mikroforaminiferni favmi Sloveniji — In: A. Horvat (ed.), 15.
Posvetovanje slovenskih geologov, povzetki referaBeoloski zbornik 16, 38-41,
Ljubljana.

Jelen, B., Rifelj, H. 2003. The Karpatian in Sloienn: R. Brzobohaty, I. Cicha, M. Kova
& F. Rogl (Eds.), The Karpatian. A Lower Miocena of the central Paratethys —
133-139, Masaryk University Brno.

Jelen, B., Rifelj, H. 2004: Stratigrafska raziskaRaziskava danasnje geodinamike in njenega
vpliva na geoloski sistem Slovenije

Jelen, B., Rifelj, H 2005a: On the dynamics of Bragatethys Sedimentary Area in Slovenia.
— 7thWorkshop on Alpine geological Studies, Abstiagok, 45—-46, Croatian
Geological Society, Zagreb.

Jelen, B., Rifelj, H. 2005b: Patterns and Processt® Neogene of the Mediterranean region
— 12th Congress R.C.M.N.S., Abstract Book, 116—-1¥&n.

Jelen, B., Rifelj, H. 2005c: The Haloze formatiém.Project team, Overview of geological
data or deep repository for radioactive waste gillaceous formations in Slovenia, 66—
68, rokopis, arhiv GeoloSkega zavoda Slovenijebliguna.

Jelen, B., Rifelj, H. 2005d: The Spilje formation = Project team, Overview of geological
data.

Jelen, B., Rifelj, H., Bavec, M. & Rajver, D. 200Bpredelitev dosedanjega konceptualnega
geoloSkega modela Murske depresije — Ljubljana:|@#o zavod Slovenije.

185



Kazmér M., Dunkl I., Frisch W., Kuhlemann J. & OastvP. 2003: The Paleogene forearc
basin of the Eastern Alps and Western Carpathsuisiuction erosion and basin
evolution. — Journal of the Geological Society, Hon 160, pp. 41-3428.

Kézmeér, M. 1990: Birth, life and death of the Pamaa Lake — Palaeogeography,
Palaeoclimatology, Palaeoecology 79, 171-188.

Kazmér, M., Kova, S. 1985: Permian-Paleogene paleogeography ahengestern part of the
Insubric-periadriatic lineament system: evidenaectitinental escape of the Bakony-
Dunazug unit. — Acta Geologica Hungarica 28, 71-84.

Kisovar, M., Syrinek, M., 1986: Murska depresij&uRturna karta po krovini temeljnog
gorja. — Arhiv INA Projekt Zagreb KGI, GZL GGG (i@roatian).

KoS ec, J., 1985: Murska depresija. Karta litoloSke graodloge tercijara — INA Projekt
Zagreb OOUR KGI; GZL TOZD GGG (in Croatian).

Kova , M., Barath, I., Harzhauser, Hlavaty, I., HudackoM. 2004: Miocene depositional
systems and sequence stratigraphy of the Vienniaa Basourier Forschungsinstitut
Senckenberg 246., 187-212.

Kralik, M., Krumm, W., Schramm, J.-M. 1987: Low dgeand very low grade metamorphism
int he Northern Calcareous Alps and int the GreskeaZone: illite crystallinity data and
isotopic ages — In: Fligel, H., W., Faupl, P. (Ed@&eodynamics of the Eastern Alps,
Deuticke, Wien, 164-178.

Kreutzer, L.H., Schonlaub, H.P., Hubmann, B. 200t Devonian of Austria — Courier
Forschungsinstitut Senckenberg, 255., pp. 173-183.

Kysela J. 1983: Schematicky Geologicky Rez ViedendRanvou (geological cross section
through the Vienna Basin), unknown source.

Lapajne, J., Trunkelj, J., 1969: Severovzhodna&iga. Geoelektrino sondiranje, 1969.
Letno poroilo — Arhiv GeoZS. GF-224. Internal report (in Sémian).

Lesko B., Potfaj M. 1978: Geologicky Profil OkoNatu — Lubina — 1 (geological cross
section including the well Lubina 1), unknown sairc

Lexa, J., Bezék, V., El&o, M., Mello, J., Polak, M., Potfaj, M., Vozar,2000: Geological
map of Western Carpathians and adjacent areas -istiiof the Environment of Slovak
Republic, Geological Survey of Slovak Republic, tBlava.

Magyar, 1. 2009: Late Miocene palaeogeography amwit@nmental conditions of the
Pannonian Basin based on palaeontological and mes$ratigraphic data — DSc Thesis,
Hungarian Academy of Sciences, Budapest, pp. 132.

Magyar, |., Geary, D.H. and Mdller, P. 1999: Palsmgraphic evolution of the Late Miocene
Lake Pannon in Central Europe — Palaeogeographge&aimatology, Palaeoecology
147, 151-167.

Massari, F., Grandesso, P., Stefani, C. & JobsnenipP. G. 1986. A small polyhistory
foreland basin evolving in a context of oblique wergence: the Venetian basin (Chattian
to Recent, Southern Alps, Italy) — Spec. Publ. Asdiment. 8, 141-168.

Mattick, R.E., Rumpler, J. & Phillips, R.L. 198%iSmic stratigraphy of the Pannonian Basin
in Southeastern Hungary — Geofizikai Kbzlemények1®-54.

McCann, T. ed. 2008: The Geology of Central Eurep&he Geological Society, London,
Vol 1-2., 1149 p.

Mikli , F., 1969: Magnetna karta Slovenije — Arhiv Geemiring and GeoZS, 1-84 (in
Slovenian). Internal report (in Slovenian).

186



Mio , P., nidar i , M.,Ravnik, D., Bo ovi, M., 1984: Podzemno skladeénje zemeljskega
plina. Pregled dosedanjih geoloskih in geofizikalraziskav na obmgu Lenart-
Cerkvenjak — Arhiv GZL. GF-418. Internal report.

Mladenovi, M.M., 1959: IzveStaj o geoelektnim ispitivanjima u Sloveniji. Lokalnosti
Lendava, Lenart, Ptuj, Bre ice. Zavod za geoloSgadfizi ka istra ivanja, Beograd —
Arhiv GeoZS, Geoin eniring (in Serbian).

Neubauer, F., Dallmeyer, R. D., Dunkl, I., Ebner,FR¥itz, H., Handler, R., Hubmann, B.,
Koller, F., Muller, W., Peindl, P., Wallbrecher, Kiesl, W., Takasu, A. and Weinke, H.
H. 1992: Excursion to the Eastern Central Alpscdpsons of stops. in: Neubauer, F.
(ed.. Geological evolution of the internal Eastalps and Carpathians and of the
Pannonian Basin (ALCAPA) — Field Guide, Graz, 20452

Neubauer, F., Handler, R., Hermann, S., Paulud984: Revised lithostratigraphy and
structure of the Eastern Graywacke Zone (Eastéus)A— Mitteilungen der
Osterreichischen Geologischen Gesellshaft 86, 61-74

Novak, J., 1958: Pordo o merjenju magnetne vertikalne intenzitete ndrp ju
severovzhodne Slovenije 1956-1957 — Arhiv Geoirrieig (in Slovene).

Novak, J., 1959: Pordo o geofizikalnih raziskavah v severovzhodni Soyji, 1956, 1957 in
1958 — Arhiv Geoin eniring (in Slovenian).

Olariu, C. & Steel, R.J. 2009: Influence of pointisce sediment supply on modern shelf-
slope morphology: implications for interpretaticinamcient shelf margins — Basin
Research 21, 484-502.

Pami, J., Tomljenovi, B. 1998:Basic geological data on the Croatian piathe Mid-
Transdanubian Zone — Acta Geologica Hungarica 2%:-340.

Papp, A. 1956. Fazies und Gliederung des Sarmatgemer Becken — Mitteilungen der
Geologischen Gesellshaft in Wien 47, 1-97.

Pascher, G. 1991: Das Neogen der MattersburgertBBahgenland) — in Lobitzer, H. &
Csaszar, G.: A 20 éves Magyar-Osztrak foldtani #gyikkodés jubileumi kotete, 1. rész
— Jubilaumsschrift 20 Jahre Geologische Zusammeitddsterreich—Ungarn Teil 1.,
Wien-Bécs, 35-52.

Pavlishina P., Verreussel R., Leerveld H., Summegrdd. & Wagreich M. 2004:
Palynological study of Gosau group deposits (UppetdCeous) of the Northern
Calcareous Alps (Austria) — Ann. Naturhist. Mus.eWil06, 67-90.

Piller V.E., Egger H., Erhart C.W., Gross M., Haamker M., Hubmann B., van Husen D.,
Krenmayr, H-G., Krystyn L., Lein R., Lukeneder Mandl G.W., Rogl F., Roetzel R.,
Rupp C., Schnabel W., Schénlaub H.P., Summesbekg&vagreich M. & Wessely G.
2004: Die stratigraphische Tabelle von Osterrei@®2(sedimentare Schichtfolgen).
Komission fir die palaeontologische und stratigisgite Erforschung Ossterreichs der
Osterreichischen Akademie der Wissenschaften uter@ghische Stratigraphische
Komission, 2004.

Piller, W. E., Harzhauser, M. 2005: The myth of binackish Sarmatian Sea — Terra Nova
17. 5, 450-455, Oxford

Plachy J. 1981: Neue Erkenntnisse zur Tektonik irar\& Raum, Mitteilung der
Osterreichischen Geologischen Gesellschaft 743p. 2

PlaSienka, D. 1995: Passive and active margintyistibthe northern Tatricum (Western
Carpathians, Slovakia) — Geologische Rundschai43760.

PlaSienka, D. 1999: Definition and correlation@dgtonic units with a special reference to
some Central Western Carpathian examples — Mirze&ibvaka 31, 3-16.

187



PlaSienka, D. 2003: Development of the basemertthned fold and thrust
structuresexemplified by the Tatric-Fatric-Vepaneppe system of the Western
Carpathians, Slovakia — Geodinamica Acta 16, 21-38.

Pleni ar, M., 1970: Basic geological map SFRJ 1:100.@d@et Goriko with explanatory
text, Zvezni geoloski zavod, Belgrade, 1-39 (invBtoan).

Pogacsas, Gy. 1984: Results of seismic stratigraphiyingary — Acta Geologica Hungarica
27, 91-108.

Posamentier, HW. & Allen, G.P. 1999: Siliciclassequence stratigraphy: concepts and
applications — SEPM Concepts in Sedimentology addhtology 9, 210 pp.

Rasser, M. W., Harzhauser, M. coordinators 200&dggne and Neogene. In: McCann, T. :
Geology of Central Europe — Geological Society ohtdon, (Pub House), 1031-1139
Ratschbacher, L., Behrmann, J. H. and Pahr, A.:1P80ninic windows at the eastern end of

the Alps and their relation to the intra-Carpathiasins — Tectonophysics 172, 91-105.

Ratschbacher, L., Frisch, W., Lintzer, H. G., Me@e 1991b: Lateral extrusion in the Eastern
Alps. Part 2. Structural analysis — Tectonics 1®57-271.

Ratschbacher, L., Merle, O., Davy, P., Cobbold,9®1a: Lateral extrusion in the Eastern
Alps. Part 1. Boundary conditions and experimeo#des! for gravity — Tectonics 10, 2,
245-256.

Ravnik, D., Podreka, E., 1983: Geoelekiriprofil itence-Lenart-Trnovska vas (Slovenske
gorice). Arhiv GeoZS. GF-417. Internal report (ilo\&nian).

Ravnik, D., Vida, M., 1984: Podzemno skla@8je zemeljskega plina. Geoelektre
raziskave obmqa Lenart-Cerkvenjak. Arhiv GeoZS. GF-437. Intemregort (in
Slovenian).

Rogl, F. 1998: Palaeogeographic ConsiderationMexditerranean and Paratethys Seaways
(Oligocene to Miocene) — Annalen des NaturhistérestMuseums Wien 99, 279-310.

Royden, L., Horvath, F., Nagymarosy, A. & Stegdndl, 983: Evolution of the Pannonian
Basin System 2. Subsidence and thermal history €tohe&s 2, 91-137.

Schmid, S. M., Fugenschuh, B., Lissling, E., Solysk. 2004: Tectonic map and overall
architecture of the Alpine orogen —Eclogae geolagitlelvetiae 97, 93-117.

Schmid, S.M., Bernoulli, D., Figenschuh, B., Materc, Schefer, S., Schuster, R., Tischler,
M., Ustaszewski, K. 2008: The Alpine—Carpathian-ddidic orogenic system: correlation
and evolution of tectonic units — Swiss Journaeosciensis, Birkhauser Verlag, Basel,
DOI 10.1007/s00015-008-1247-3

Schnabel, W. 1992: New data of the Flysch zond®Bastern Alps int he Austrian sector
and new aspects concerning the transition to the&cklzone of the Carpathians —
Cretaceous Research 13, 405-4109.

Seifert, Jiricek (1989), Vienna basin and Molassedeep paleogeographic map with
isopachs, Thirty years of geological cooperatiotwieen Austria and Czechoslovakia,
Ustredni ustav geologicky, 1990, 93—-104.

Star evi , M., 1987a: Poralo o gravimetri nih in magnetometrnih raziskavah terena
Cmurek. Arhiv GeoZS. GF-539. Internal report (io&nian).

Starevi , M., 1987b: Poradlo o gravimetrinih raziskavah terena Reovci v letu 1987.

Arhiv GeoZS. GF-587. Internal report (in Slovenian)

Star evi , M., 1990: Porailo o gravimetri nih raziskavah na podrju Dankovci in Pearovci
v letih 1987/1989. Arhiv GeoZS. GF-762. Internglag (in Slovenian).

188



Sterk, L., 1987: Seizmka istra ivanja podruja Radenci. 1) Refleksivno profiliranje 1)
Mjerenje brzina u buSotinama T-1 i Sg-1. Arhiv Geeniring. GF-098. Internal report
(in Croatian).

Stopar, R., 1996-2000: Digitalizacija osve ene oggilne magnetne karte Slovenije z
vertikalno komponento magnetnega polja, Geoin egid.o.o., Ljubljana. Osnova po:
Mikli , F., 1969: Magnetna karta Slovenije, IGGG (sed&Z®), Ljubljana (in
Slovenian).

Tari, G. 1994: Alpine tectonics of the Pannoniasiba— PhD thesis, Rice University,
Houston, Texas, 501 p.

Tari G., Baldi T. & Baldi-Beke M. 1993: Paleogemroarc flexural basin beneath the
Neogene Pannonian Basin: a geodynamic méddlectonophysics 226, 43355.

Tari, G. and Bally, A. W. 1990: Metamorphic coremquaexes at the boundary of the Eastern
Alps and the Pannonian basin — Geological SocieEyneerica, Abstract with Programs,
97-98.

Tomek, .1993: Deep crustal structure beneath the cesmichinner West Carpathians —
Tectonophysics 226, 417-431.

Trajanova, M., Pecskay, Z., Itaya, T., 2008: K-&oghronology and petrography of the
Miocene Pohorje mountains balholith (Slovenia). IGEarpath. (Bratisl.), vol. 59, no. 3,
247-260.

Uhrin, A. 2011: Salt and water budget calculatitorghe Late Miocene Lake Pannon (in
Hungarian with English abstract) — Foldtani Kozldia, 383—392.

Urh, 1., 1956: Gravimetrne meritve v Pomurju. Arhiv Geoin eniring and Geq4S70,
Internal report (in Slovenian).

Wessely G. 2006: Geologie der Osterreichischen Bsiddder — Niederdsterreich,
Geologische Bundesanstalt, Wien.

Wessely G., Kroell A., Jiricek R., Nemec F. 199&oalgische Einheiten des praneogenen
Beckenuntergrundes, Geologische Themenkarten derifille Osterreich, Geologische
Bundesanstalt, Wien

ivanovi , M., 1991: Geoelektrne raziskave na Dravskem polju pri Mariboru. ArGigoZS.
GF-820. Internal report (in Slovenian).

189



