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BLOCK 413-414

1. GENERAL INFORMATION
1.1. LOCATION

The Block 413-414 tender area of
666.2 km? is located onshore in southern Po-
land (concession blocks 413 and 414;
Fig. 1.1). The precise location is defined by
geographic coordinates listed below.

Border points 1)5292 coordinate syst«:(m
1 224429.40 619471.74
2 219734.09 619456.21
3 219733.92 619454.87
4 210523.09 619421.78
5 210260.58 608022.58
6 209660.93 572015.80
7 224085.46 571823.28
8 224239.14 593113.46
9 223753.00 592883.00
10 222376.00 593612.00
11 222475.00 595313.00
12 223236.00 595405.00
13 223368.00 594800.00
14 224247.38 594254.96
15 224314.01 603486.16
Excluding the area defined by points
16-29

16 221091.02 600645.13
17 220797.73 601652.77
18 220844.14 603391.19
19 220125.97 603450.34
20 219833.40 602978.16
21 220557.32 602379.11
22 219798.82 601679.44
23 219475.76 602687.75
24 220292.07 604055.74
25 220865.93 604200.42
26 221457.15 604634.48
27 222010.11 603619.97
28 221956.85 601621.88
29 221510.53 600634.09

Tab. 1.1. Border points’ coordinates of the Block 413-
414 tender area (Fig. 1.2).

Some parts of the Block 413-414 tender area
were previously subjected to hydrocarbon
prospection and exploration concessions
No. 43/2010/p Por¢ba (Energia Karpaty
Wschodnie; Aurelian Oil & Gas Poland Sp.
z 0.0./San Leon Energy Plc.), No. 2/2016/p
Porgba-Tarnawa (Orlen Upstream, PKN Or-
len S.A), No. 39/99/p Wysoka-Lapanow
(PGNIG S.A.) and No. 25/2001/p Myslenice-
Limanowa-Czchéw (PGNIG S.A.) Moreover,
south-western and northern parts of the block
were previously dedicated to the 2" and 4™
tender rounds for hydrocarbon concessions —
as components of the Sucha Beskidzka-
Wisniowa and Krélowka tender areas, respec-
tively (Fig. 1.2).

Currently, in the vicinity of the tender area,
the concession No. 35/99/L. Wisnicz-Tuchow
(PGNIG S.A. ORLEN S.A. Group) is active
(Figs 1.1-1.2).

The Block 413-414 is prospective for explo-
ration of conventional oil and gas fields in the
Carpathian basement, Carpathian Foredeep
and in the Outer Carpathian Silesian Unit.

->Fig. 1.1. Location of the Block 413-414 tender area in the map of concessions for hydrocarbon exploration and pro-
duction, and non-reservoir storage of substances in the subsurface, and storage of wastes in the subsurface, as of

30-06-2023.
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Fig. 1.2. Border points of the Block 413-414 tender area and location of the hydrocarbon concessions and fields of mineral resources in the neighborhood, as of 30-06-2023 (CGDB, 2023).



BLOCK 413-414

1.2. ENVIRONMENTAL CONDITIONS

THE ENVIRONMENTAL CONDITIONS DATASHEET
FOR TENDER AREA BLOCK 413-414

LOCATION OF THE TENDER
AREA ON THE MAP

1:50000
geological map sheet

Wieliczka 997, Bochnia 998,
Brzesko 999, Mszana Dolna 1016,
Limanowa 1017, Roznow 1018

2. ADMINISTRATIVE LOCATION

Voivodeship

Matopolskie

County

Bochnia

The commune and % of the
area within
the tendering area

Nowy Wisnicz (2.02%), Lapanow (6.50%),
Lipnica Murowana (7.65%),
Trzciana (6.35%), Zegocina (5.06%)

County

Brzesko

Commune

lwkowa (7.08%), Gnojnik (1.60%),
Czchow (4.54%)

County

Limanowa

Commune

Jodtownik (10.44%), Laskowa (7.23%),
Dobra (1.40%), Tymbark (0.37%),
Limanowa (5.95%)

County

Myslenice

Commune

Pcim (1.79%), Wisniowa (8.66%),
Dobczyce (5.34%), Raciechowice (9.17%),
Siepraw (0.21%), Myslenice (4.70%)

County

Wieliczka

Commune

Gdow (0.92%)

County

Nowy Sacz

Commune

Lososina Dolna (2.86%),
Grodek nad Dunajcem (0.16%)

PHYSIOGRAPHIC
REGIONALIZATION
(after KONDRACKI, 2013
and SOLON et al., 2018)

Macroregion

Pogorze Wielickie (513.33),
Pogoérze Wisnickie (513.34)

Mesoregion

Beskidy Zachodnie (513.4)

Macroregion

Beskid Makowski (513.48),
Beskid Wyspowy (513.49)

Mesoregion

Pogorze Srodkowobeskidzkie (513.6)

Macroregion

Pogorze Roznowskie (513.61)

Mesoregion

Pogorze Wielickie (513.33),
Pogérze Wisnickie (513.34)

COORDINATES OF THE TENDER
AREA BORDER POINTS

PL-1992 [X; Y]

224429.40 619471.74

219734.09 619456.21

219733.92 619454.87

210523.09 619421.78

210260.58 608022.58

209660.93 572015.80

224085.46 571823.28

224239.14 593113.46

223753.00 592883.00

222376.00 593612.00

222475.00 595313.00

223236.00 595405.00

223368.00 594800.00

224247.38 594254.96

224314.01 603486.16

Excluding the area defined by points 16-29

221091.02 600645.13

220797.73 601652.77

220844.14 603391.19

220125.97 603450.34

219833.40 602978.16

220557.32 602379.11

219798.82 601679.44

219475.76 602687.75

220292.07 604055.74

220865.93 604200.42

221457.15 604634.48

222010.11 603619.97

221956.85 601621.88

221510.53 600634.09




BLOCK 413-414

THE ENVIRONMENTAL CONDITIONS DATASHEET
FOR TENDER AREA BLOCK 413-414

5. SURFACE il;g:E TENDER [km?] 666.20
prospecting, exploration and production of
6. CONCESSION TYPE hydrocarbons
AGE OF HYDROCARBON Carpathian basement,
7. FORMATION Carpathla}n Forgdet_ep, _
Outer Carpathians Silesian Unit
PROTECTED NATURAL AREAS
National Parks no
Bukowiec (<1%), Kamionna (<1%),
Natural Reserves Kostrza (<1%)
Landscape Parks Wisnicko-Lipnicki PK (10%)
OChK Pogorza Cigzkowickiego (<1%), Potu-
[yes/ no] dniowomatopolski OChK (10%), OChK
Protected landscape areas if “yes”: the name of the Wschodniego Pogorza Wisnickiego (13%),
tender OChK Zachodniego Pogorza
area and its Wisnickiego (12%)
8. % within the total area PLH120089 Tarnawka (<1%), PLH120087
Natura 2000, Lososina (<1%), PLH120046 Kosciot
(Special Area of Conservation, SAC) w Weglowcee (<1%), PLH120052 Ostoje Nieto-
perzy Beskidu Wyspowego (5%)
Natura 2000, no
(Special Bird Protection, SPA)
Nature and landscape complexes no
Ecological area 1
. 101
NS TS [yes (quantity) /o] (including 160 objects and 1 tree avenue)
Documentation positions 0
9. PROTECTED SOIL [yes / no] yes
10. FOREST COMPLEXES [yes / no] yes
11. PROTECTIVE FORESTS [yes (% of ggj total area / 55.6 km? (8.3%)
[yes (quantity) / no] yes
CULTURAL HERITAGE Hillfort 3
12. FACILITIES Hamlet 0
Archaeological monuments Cemetery 2
others 2
no
13. MAJOEE%'E?Q%?F;@’ATER [yes é?‘t‘r:‘;b;qrh I’g‘)’e/ fl’;? %€ | 5nly locals: 436 Zbiomik warstw Istebna (Cigz-
kowice), 443 Raba, 442 Stradomka
14 PROTECTIVE ZONES OF WATER [yes / no] yes
) INTAKE
15. SPA PROTECTION ZONES [yes / no] no
16. FLOOD HAZARD AREA [yes / no] yes
17. POROVEN MINERAL DEPOSITS [yes (type ?tglrr;]l(rﬁeral depos- yes (sandstones, tilts, sands and gravels)
PROGNOSTIC AND PERSPECTIVE
18. (RS gggf EESSSESESOF MIN- [yes (type ?t; /rr;llg]eral depos- yes (sandstones, tilts, sands and gravels)
(excluding hydrocarbons)
19. NATURAL GAS PIPELINES [yes / no] yes
20. UNDERGROUND GAS STORAGE [yes / no] no
DATE OF THE DATASHEET COM-
21. PLETION 15.11.2021
22. DATA COLLECTION Paulina Kostrz-Sikora, Dominika Kafara

Tab. 1.3. The environmental conditions datasheet for the Block 413-414 tender area.

->Fig. 1.3. Environmental Map of the Block 413-414 area.
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PANSTWOWY
INSTYTUT GEOLOGICZNY

PANSTWOWY INSTYTUT BADAWCZY

Ochrony Srodowiska & . . i
i Gospodarki Wodnel S Klimatu i Srodowiska

Mapa srodowiskowa obszaru BLOK 413-414

Environmental Map of the BLOCK 413-414 area

; Narodowy Fundusz /-S\ Mil‘liSteI’St‘,/VO

Polozenie obszaru przetargowego Zestawienie danych oraz redakcja komputerowa mapy: Dominika Kafara
L na arkuszach 1:50 000 Data compilation and map edition.
Polozenie OPSZE"" R’%S'E’QOYVSQ° Location of tender area on maps with a scale of 1:50 000
118t podziatu adminisliacyjnego Weryfikacja: Olimpia Kozfowska
Location of tender area on administrative diision map Verification.
woj. MALOPOLSKIE  powiat bocheriski powiat limanowski
* < | powiat myslenicki 8- gm. tapanéw 17 - gm. Jodfownik 996 997 998 999
1 - gm. Siepraw 9 - gm. Bochnia 18 - gm. Limanowa Myslenice Wieliczka Bochnia Brzesko
2 - gm. Dobczyce 10 - gm. Nowy Wisnicz 19 - gm. Laskowa S
3 - gm. Myslenice 11 - gm. Trzciana 20 - gm. Mszana Dolna =
4 - gm. Racie i 2-gm. Z i 21 - gm. Dobra 1000m 0 1 2 3 4 5 6 7 8 9 km ‘ |
5-gm. Pcim 13 - gm. Lipnica Murowana 22 - gm. Tymbark b + s t 4 : } s + + { |
6 - gm. Wisniowa powiat brzeski 23 - m. Limanowa 1015 1016 1017 101
powiat wielicki 14 - gm. Gnojnik powiat nowosgdecki Osielec (8T 9
7 - gm. Gdéw 15 - gm. Czchéw 24 - gm. Grédek nad Dunajcem Dolna (Roznéw)
16 - gm. Iwkowa 25 - gm. tososina Dolna |
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Objasnienia do Mapy srodowiskowej obszaru
BLOK 413-414

Legend

i of the Environmental Map ¢

of the BLOCK 314

414 area

(opracowano na podstawie bazy MGsP z zasobéw PIG-PIB*)

ZtOZA KOPALIN ORAZ
PERSPEKTYWY | PROGNOZY ICH WYSTEPOWANIA

MINERAL DEPOSIT AND
ECTIVE AREA'S, PROGNOSTIC AREA'S FOR DOCUMENTING DEPOSITS

piaski i zwiry
sands and gravels

piaskowce
sandstones

2wiry

gravels

3253 identyfikator z bazy MIDAS zloza matokonfliktowego
1D from the MIDAS database of the small environmental conflict
9848 identyfikator z bazy MIDAS zloza konfliktowego

1D from the MIDAS database of the environmental conflict

granica zloza

deposit boundary

granica obszaru prognostycznego
prognostic area boundary

granica obszaru perspektywicznego
perspective area boundary

) zloze o powierzchni < 5 ha

deposit with area < S ha

GORNICTWO | PRZETWORSTWO KOPALIN

MINING AND MINERAL PROCESSING

granica obszaru gérniczego
boundary of the mining area

granica terenu gémiczego
boundary of the mining terrain

o obszar i teren gomiczy zioza o powierzchni < 5 ha
nd terrain of the deposit with area < 5 ha

an

punkt niekoncesjonowane;j eksploataciji kopaliny (pc - rodzaj kopaliny)

° -
pc point of unlicensed exploitation of a mineral (pc - type of mineral)
Symbol kopaliny: Symbol jednostki stratygraficznej:
Mineral symbol. Symbol of the stratigraphic unit:
G - gaz ziemny Q - Czwartorzed
natural gas Quaternary
R - ropa naftowa Ng - Neogen
crude oil Neogene
pc - piaskowce Pg - Paleogen
sandstones Paleogene
g(gc) - gliny ceramiki budowlanej Cr- pis
tills for ceramic
P J-Jura
pz - piaski i zwiry Jurassic
sands and gravels
. C - Karbon
- 2wiry Carboniferous
gravels
D - Dewon
Devonian
Cm - Kambr
Cambrian

WODY POWIERZCHNIOWE | PODZIEMNE

SURFACE AND UNDERGROUNG WATERS

obszary dolinne zagrozone podtopieniami
valley flood hazard area

granica dziatu wodnego drugiego rzedu
water divide of second rank

granica dziatu wodnego trzeciego rzedu
water divide of third rank

granica dziatu wodnego czwartego rzedu
water divide of fourth rank

WARUNKI PODLOZA BUDOWLANEGO

BUILDING SUBSTRATE CONDITIONS

tereny osuwiskowe i zagrozone ruchami masowymi

landslides and mass movements hazard area

OCHRONA PRZYRODY, KRAJOBRAZU
I DZIEDZICTWA KULTUROWEGO

PROTECTION OF NA

B «

*¥ 9 9 Q@ WO

TURE, LANDSCAPE AND CULTURAL HERITAGE

grunty ome (klasy I-IVa uzytkéw rolnych)

arable land (class I-1Va)

faki na glebach pochodzenia organicznego

meadows on organic soils

lasy
forests

lasy ochronne
protected forests

granice terenéw zarzadzanych przez Dyrekcje Generalng Laséw Panstwowych
boundary of areas managed by General Directorate of the State Forests

granica parku krajobrazowego; nazwa parku
boundary of landscape park; park name

granica obszaru chronionego krajobrazu; nazwa obszaru
boundary of protected landscape area; area name

granica rezerwatu przyrody (L - lesny)

boundary of natural reserve (L - forests)

rezerwat przyrody lub obszar ochrony Scistej (os) w obrebie parku narodowego
o pomerzchm < 5 ha (N - przyrody nieozywionej)

boundary of natural reserve or strict nature reserve within national park with area < 5 ha

(N - inimate nature)

Obszary Europejskiej Sieci Ekologicznej Natura 2000; kod obszaru

Natura 2000 ecalogical network; area code

aleja drzew pomnikowych

avenue of monumental trees

pomnik przyrody zywej (n - liczba obiektow)

animate nature monument (n - numer of objects)

pomnik przyrody nieozywionej

inanimate nature monument

uzytek ekologiczny

ological area

uzytek ekologiczny pomerzchm <5ha

ecological area with ar

przyrody nieozywionej

documentation site of inanimate nature

o
geosite of regional importance

o
geosite of local importance
Jjaskinia lub grupa jaskin, niezakwalifikowana jako pomnik przyrody (n - liczba obiektow)
cave or group of caves, not qualified as natural monument (n - numer of objects)

obiekt z Listy Swiatowego Dziedzictwa UNESCO
site from the UNESCO World Heritage List

owisko archeologiczne
20logical site

INFORMACJE DODATKOWE

ADDITIONAL INFORMATIONS

granica W wraz z jego =ST==

ot principle boundary aquifer with 1D number

—(443)m=  granica wod wraz z jego WISNIOWA
local boundary aquifer with 1D number

R N XXX XXX

granica strefy ochrony ujecia w

g water intake protected area boundary

2.0y zbiomik retencyjny wraz z jego nazwa
water reservoir with its name
o ujecie wod ych (k - p-

surfa ter intake (k - municipal, p - industrial)

ujecie wod podziemnych o wydajnosci 25 - 50 mh
K (k - komunalne, p - - wiek
underground water int city 25 - 50 mi/h
(k - municipal, p - indus xploited rocks)

utwordw)

with

ujecie wod podziemnych o wydajnosci = 50 m¥/h
underground water intake with capacity > 50 m*/h

granica powiatu
distirct boundary

granica gminy, miasta
commune or town boundary

0§ autostrady lub drogi szybkiego ruchu

highway or express route

siedziba urzedu gminy, miasta
commune or town office headquarter

sie¢ gazociagdw przesylowych

natural gas pipeline network

granica obszaru przetargowego
boundary of tender area

- Wykorzysrcno mformaqe udostepniane przez: RIGW, GDOS, GDLP, IMGW-PIB, NID, PSE, GAZ-SYSTEM, urzedymorskle oraz z baz danych PSG i PSH w PIG-PIB

PIB, NID, f
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2. GEOLOGY

2.1. GENERAL GEOLOGY AND TECTONICS

The Block 413-414 tender area has a compli-
cated geology. Various rocks belonging to the
Precambrian, Lower Cambrian, Devonian,
Carboniferous, Permian, Jurassic, Cretaceous
and Miocene were identified here, as well as
Mesozoic-Paleogene Carpathian flysch occurs
here in an allochthonous position. These for-
mations undergone a complex, multi-stage
tectonic evolution. The Precambrian and
Paleozoic basement is formed by two tectonic
units: Upper Silesian Block and Matopolska
Block, separated by the Krakow-Lubliniec
Fault Zone (Buta and Habryn, 2008, 2010).
Above, the Permian-Mesozoic cover forms
the Silesian-Cracow Monocline, which is
covered by the autochthonous Miocene of the
Carpathian Foredeep and Outer Carpathian
flysch (Figs 2.1-2.3).

The Block 413-414 is located in the north-
eastern edge of the Upper Silesian Block. The
most important part of the crystalline base-
ment is formed by the Archaean-Early Prote-
rozoic Rzeszotary horst. The Paleozoic sedi-
mentary cover is built of the Lower Cambrian
clastic rocks, covered by the Middle and Up-
per Devonian and Lower Carboniferous car-
bonates, Lower Carboniferous marine clastic
rocks (Culm) and Upper Carboniferous conti-
nental clastics. The stratigraphic gap from the
Middle Cambrian to Lower Devonian is the
result of uplift of the south-eastern part of the
Upper Silesian Block (Buta and Zaba, 2005;
Buta and Habryn, 2010). The Late Carbonif-
erous was a period of increased erosion and
intense block tectonics of the Variscan
Orogeny.

In the central part of the tender area, the
Paleozoic formations are overlain by a thick
sedimentary succession, often referred to as
the Permian-Triassic (Kiersnowski, 2001).
The Permian and Lower Triassic were
deposited within the Liplas tectonic Trench,
which was divided into several smaller sub-
basins of different rates of subsidence. In the
Late Triassic and Early Jurassic denudation
processess peneplenized the area. At the same
time, extensive palaeovalleys were formed
with accumulation of Middle Jurassic fluvial
deposits. The Callovian transgression brought
clastic sedimentation, which filled the
remaining depressions. The Upper Jurassic
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(Oxfordian) is dominated by carbonate rocks,
although  the  palaesomorphology  still
influenced the facies diversity. In the Early
Cretaceous, denudation and karstification of
Jurassic limestones occurred. Therefore,
during the next transgression in the
Cenomanian, numerous bays and islands were
formed (Konior, 1978). In the Late
Cretaceous, the southern part of the area was
slowly rised along the reactivated older
tectonic faults and denudation of the
Mesozoic rocks developed. The Permian-
Mesozoic succession was folded during the
Laramide tectonic movements: a system of
dislocations developed, causing a rapid
thinning of the Mesozoic deposits towards the
south. The erosional surface formed in this
way was covered by the Miocene deposits of
the Carpathian Foredeep, which are
represented here by the Badenian claystones
(Skawina Beds; Chowaniec et al., 2010). The
Carpathian flysch formations of the Magura,
Silesian and  Sub-Silesian  Units are
overthrusted onto the Carpathian Foredeep
Miocene (Zytko et al., 1989; Figs 2.1-2.2).
The Carpathian orogenic prism consists of
several tectonic units, which were detached as
fragments of Carpathian sedimenraty basin(s)
and overthrusted each-other. Contemporary
cartographic studies in the tender area and
adjacent regions indicate the existence of
additional deformation stages transforming
the thrusts into complex fault structures (cf.
Jankowski, 2015). The Block 413-414, like
the entire Outer Carpathian area, undergone
many stages of tectonic deformation
(Mazzolli et al., 2010; Jankowski and
Probulski, 2011; Jankowski, 2015; Jankowski
and Margielewski 2021). The Carpathian
prism structure was originally arranged in the
transpressive regime (oblique collision) and
developed as a result of thrusting one unit
onto another. However, at least two stages of
tectonic development, after the stage of
orogenic prism formation, are of significant
importance: the strike-slip regime and the
orogenic collapse stage (Jankowski et al.,
2012; Jankowski and Margielewski 2021).
The current view on the evolution of the
Carpathian Mountains can be found in
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Castellucio et al. (2016; see also Oszczypko,
2004; Slaczka et al., 2006; Fig. 2.5).

The following chapter presents a brief
description of individual stratigraphic units.
Data from the following wells located within
the tender area were used to describe the

Lipnica Gorna 1, Lapanow 2/2K, Lagkta 4,
Lakta 9, Lakta 11, Lakta 13, Lakta 14, Lakta
22, Lakta 24, %Lrakta 25, kLakta 30K,
Muchowka 1, Muchoéwka 2, Potom Duzy 2,
Raciechowice 1, Rajbrot 1, Rajbrot 2,
Tarnawa 1, Tymowa 1, Wisniowa IG-1,
Wisniowa 3, Wisniowa 4, WisSniowa O,

Wolica 1, Zegocina 1. Their location can be
found in Fig. 2.4.

lithology and stratigraphy: Czchow 1,
Dobczyce 5, Iwkowa 1, Jaworzna 1, Kamion-
na 1, Leszczyna 1, Leszczyna 2, Leszczyna 3,
Leszczyna 4, Leszczyna 21, Leszczyna 22,

>Fig. 2.1. A. Location of the Block 413-414 tender area in relation to Western Carpathians tectonic units.
B. Location of the Block 413-414 tender area on the Geological Map of the Western Carpathians (Zytko et al., 1989).
C. Geological cross-section through the flysch formations in the north-western part of the tender area (SMGP 1: 50 000,
Wieliczka sheet). Silesian Nappe: 2628 — Upper Istebna Beds (Paleocene), 29-30 — Lower Istebna Beds (Upper Creta-
ceous-Paleocene), 31 — undivided Paleogene formations, 32—33 — Godula Beds (Upper Cretaceous), Carpathian Fore-
deep: 57 —undivided Miocene, Carpathian basement: 66 — Upper Cretaceous, 67 — Upper Jurassic, 68 — Middle Jurassic,
71 — Permian+Triassic, 74 — Silurian, 75-76 — Proterozoic. D. Geological cross-section through the flysch formations in
the northern part of the tender area (SMGP 1: 50 000, Bochnia sheet). Silesian Nappe: 13 — Lower Krosno Beds (Oligo-
cene), 14 — Menilite Beds (Oligocene), 17 — Variegated Shales (Paleocene-Eocene), 18 — Upper Istebna Shales (Paleo-
cene), 19 — Upper Istebna Sandstones (Paleocene), 20 — Lower Istebna Shales (Upper Cretaceous-Paleocene), 21 —
Lower Istebna Sandstones (Upper Cretaceous-Paleocene). E. Geological cross-section through flysch formations in the
north-eastern part of the tender area (SMGP 1: 50 000, Brzesko sheet). Silesian Nappe: 21 — Upper Istebna Sandstones
(Paleocene), 22 — Lower Istebna Shales (Paleocene), 23 — Lower Istebna Beds (Upper Cretaceous), 24 — Godula Beds
(Upper Cretaceous), 26 — Variegated Shales (Upper Cretaceous). F. Geological cross-section through flysch formations
in the south-western part of the tender area (SMGP 1: 50 000, Mszana Dolna sheet). Olksb — Krosno Beds (Oligocene),
Crksbh — shales and sandstones (Lower Cretaceous), Olks — Krosno Beds (Oligocene), Olmes — Menilite Shales with
Jasto Shales (Oligocene), PeEs — Variegated Shales (Eocene), Cris — Lower Istebna Beds (Upper Cretaceous), Crg —
Godula Beds (Upper Cretaceous), peCrgs — Variegated Shales of the Godula Beds (Upper Cretaceous), Crls — Lgota
Beds (Lower Cretaceous), Crgrs — Grodziszcze Beds (Lower Cretaceous), mbE — Layered White Marls (Eocene), Pccz
— Glauconitic Sandstones from Czerwin (Paleocene), Crszps — Bryozoan-Lithothamnium Sandstones from Szydlowiec
(Cenomanian-Senonian), Crwg — Variegated Weglowka Marls (Cenoman-Senon), MeCr — Gray Marls with Exotics
(Cenomanian-Senonian), Crgi — Godula-Inoceramian Beds (Cenomanian-Senonian), Crwps — Verovice Shales (Val-
anginian-Albian), Crgrps — Grodziszcze Beds (Valanginian-Albian). G. Geological cross-section through flysch for-
mations in the southern part of the tender area (SMGP 1: 50 000, Limanowa sheet). 12 — Krosno Beds (Oligocene), 18 —
Variegated Weglowka Marls (Upper Cretaceous-Eocene), 19 — Frydek Marls (Upper Cretaceous), 20 —Zegocina Marls
(Upper Cretaceous), 22 — Lower Krosno Beds (Oligocene), 25 — Variegated Shales (Paleocene-Eocene), 27 — Lower
Istebna Shales (Upper Cretaceous-Paleocene), 28 — Lower Istebna Beds (Upper Cretaceous-Paleocene), 30 — Godula
Beds (Turonian-Maastrichtian), 33 — Istebna Beds (Albian-Cenomanian) ), 37 — Upper Cieszyn Shales (Valanginian-
Hauterivian), 42 — Magura Beds (Eocene-Oligocene), 43 — Magura Beds (Eocene-Oligocene), 44 — Sub-Magura Beds
(Eocene-Oligocene), 48 — Variegated Shales (Paleocene Eocene), 55 — Skawina Beds (Baden), 56 — sandstones, clay-
stones, limestones, dolomites and mudstones (Middle-Upper Jurassic), 59 — limestones, sandstones, mudstones and
claystones (Carboniferous).
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—>Fig. 2.2. Location of the Block 413-414 tender area (red square) and geological cross-sections C-G (Fig. 2.1) on the
Detailed Geological Map of Poland (SMGP) 1 : 50 000.

WIELICZKA SHEET (Wajcik, 2009). Holocene: 1-10; Pleistocene: 11-20; Silesian Unit: 21 — Krosno Beds (Oli-
gocene); 22 — Menilite Shales (Oligocene); 23 — Hieroglyphic Beds (Eocene); 24 — Variegated Shales (Eocene); 25 —
Ciezkowice Sandstone (Eocene); 26-28 — Upper Istebna Beds (Paleocene); 29-30 — Lower Istebna Beds (Upper Creta-
ceous—Paleocene); 31 — Undivided Cretaceous and Paleocene; 32 — Variegated Godula Shales (Upper Cretaceous); 33 —
Godula Beds (Upper Cretaceous); 34 — Jasper Beds (Upper Cretaceous); 35 — Gaize Beds (Cretaceous); 36 — Mi-
kluszowice Hornfelses (Cretaceous); 37 — Lgota Beds (Cretaceous); 38 — Lower Gaize Beds (Lower Cretaceous); 39 —
Verovice Beds (Lower Cretaceous); 40 — Grodziszcze Beds (Lower Cretaceous); 41 — Upper Cieszyn Shales (Lower
Cretaceous); Sub-Silesian Unit: 42 — Krosno Beds (Oligocene); 43-44 — Menilite Beds (Oligocene); 45-46 — Variegat-
ed Beds (Eocene); 47 — Ciezkowice Sandstones (Eocene); 48 — Upper Istebna Beds (Paleocene); 49 — Tomaszkowice
Sandstones (Upper Cretaceous-Paleocene); 50 — Variegated Weglowka Marls (Upper Cretaceous); 51 — Variegated
Godula Shales (Upper Cretaceous); 52 — Gaize Beds (Cretaceous); 53 — Lgota Beds (Cretaceous); 54 — Verovice Beds
(Lower Cretaceous); 55 — Grodziszcze Beds (Lower Cretaceous); 56 — Upper Cieszyn Beds (Lower Cretaceous); Car-
pathian Foredeep Miocene: 57 — Miocene undivided; 58 — Gdow Beds; 59 — Bogucice Sands; 60 — Chodenice and
Grabowiec Beds; 61 — Chodenice Beds; 62 — tuffites; 63-64 — Wieliczka Beds; 65 — Skawina Beds.

BOCHNIA SHEET (Kopciowski et al., 2009). Holocene: 1-6; Pleistocene: 7-12; Silesian Unit: 13 — Lower Krosno
Beds (Oligocene); 14 — Menilite Beds (Oligocene); 15 — Hieroglyphic Beds (Eocene); 16 — Ciezkowice Sandstone (Eo-
cene); 17 — Variegated Shales (Paleocene-Eocene); 18-19 — Upper Istebna Beds (Paleocene); 20-22 — Lower Istebna
Beds (Upper Cretaceous—Paleocene); 23 — Godula Beds (Upper Cretaceous); 24 — Godula Shales (Upper Cretaceous);
25 — Lower Godula Beds (Lower Cretaceous); 26 — Lower Lgota Beds (Lower Cretaceous); 27 — Gaize Beds (Lower
Cretaceous); 28 — Verovice Beds (Lower Cretaceous); 29 — Grodziszcze Beds (Lower Cretaceous); 30 — Upper Cieszyn
Shales (Lower Cretaceous); Sub-Silesian Unit: 31 — Lower Krosno Beds (Oligocene); 32 — Menilite Beds (Oligocene);
33 — Ciezkowice Sandstones (Eocene); 34 — Variegated Shales (Paleocene-Eocene); 35 — Tomaszkowice Sandstones
(Upper Cretaceous-Paleocene); 36 — Zegocina Marls (Upper Cretaceous); 37 — Variegated Weglowka Marls (Upper
Cretaceous); Zglobice Unit: 38 — Bogucice Sands; 39 — Chodenice Beds; 40 — Chaotic Complex; 41 — tuffites; 42 —
Gypsum and clays; 43 — Wieliczka Beds; 44 — Skawina Beds; Carpathian Foredeep Miocene: 45 — Grabowiec Beds.

BRZESKO SHEET (Jankowski and Paul, 2007). Holocene: 1-8; Pleistocene: 9-15; Silesian Unit: 16 — Lower
Krosno Beds (Oligocene); 17 — Jasto Limestones (Oligocene); 18 — Menilite Beds (Oligocene); 19 — Ciezkowice Sand-
stone (Eocene); 20 — Variegated Shales and Hieroglyphic Beds (Paleocene-Eocene); 21-22 — Upper Istebna Beds
(Paleocene); 23 — Lower Istebna Beds (Upper Cretaceous—Paleocene); 24-25 — Godula Beds (Upper Cretaceous); 26 —
Variegated Shales (Upper Cretaceous); 27 — Lgota Beds (Lower Cretaceous); 28 — Grodziszcze Beds (Lower Creta-
ceous); 29 — Upper Cieszyn Beds (Lower Cretaceous); Sub-Silesian Unit: 30 — Variegated Weglowka Marls (Upper
Cretaceous); 31 — Lgota Beds (Cretaceous); 32 — Gaize Beds (Cretaceous); 33 — Upper Cieszyn Beds (Lower Creta-
ceous); Skole Unit: 34 — Krosno Beds (Oligocene); 35 — Menilite Beds (Oligocene); 36 — Variegated Shales (Paleo-
cene-Eocene); 37-39 — Inoceramian Beds (Upper Cretaceous); 40 — Spa Shales (Upper Cretaceous); Carpathian Fore-
deep Miocene: 41 — Grabowiec Beds; 42 — Chodenice Beds; 43 — tuffites; 44 — Evaporite Beds; 45 — Skawina Beds.

MSZANA DOLNA SHEET (Burtan, 1974). Holocene: th, Qn', ,Q; Pleistocene: {Qp, ¢Qp2; Magura Unit: OE,, —
Magura Beds (Paleogene); OE,, — Sub-Magura Beds (Paleogene); E,™ — Hieroglyphic Beds (Paleogene); Epa, E." —
Pasierbiec Sandstones (Paleogene); ,.E™ — Variegated Shales (Eocene); Cr;s" — Istebna Beds (Upper Cretaceous); Cr, —
Szczawina Sandstones (Ogorzata Sandstones, Upper Cretaceous); Cz;" — Inoceramian Beds (Upper Cretaceous); Cr; —
Inoceramian-Biotite Beds (Jaworzynka Beds, Upper Cretaceous); Cr, — Kanina Beds (Upper Cretaceous); ,.Cr™ — Var-
iegated Shales and Marls (Upper Cretaceous); Southern Fore-Magura Unit: OIk™ — Krosno Beds (Paleogene);
Olme™ — Menilite Shales and Ciezkowice Sandstones (Olc™, Paleogene); Olgr™ — Grybow Beds (Paleogene); Pc”™
— dark shales with glauconite sandstone lenses (Paleogene); Northern Fore-Magura Unit of the Mszany Dolna tec-
tonic window: OI"™, ;OL"™ — Krosno Beds (Paleogene); Silesian Unit of the Skrzydina Bay and Bystre Slice:
©OI, O, (OI® — Krosno Beds (Paleogene); O™ — Cergowa type sandstones (Paleogene); Olpe™, Olye™ — Menilite
and Jasto Shales (Paleogene); Epne™, Epme” — Sub-Menilite Marls (Paleogene); E,*® — Hieroglyphic Beds (Paleogene);
neE, mpeE™ — Variegated Shales (Eocene); Cri*, Cr — Inoceramian type sandstones and shales (Upper Cretaceous);
Cr® — Kurow Beds (Lower Cretaceous); Silesian Unit of the Silesian and Lanckorona facies: Ol — Krosno Beds
(Paleogene); Olpe’ — Menilite and Jasto Shales (Paleogene); E,’ — tup Hieroglyphic Beds (Paleogene); .E® — Variegated
Shales (Eocene); E.° — Cigzkowice Sandstones (Paleogene); Pc;s — Upper Istebna Beds with Variegated Shales smoudg-
es; Pc,s — Upper Istebna Beds (Paleogene); ,Cris — Lower Istebna Beds with Variegated Shales intercalations (Upper
Cretaceous); Cr;, — Lower Istebna Beds (Upper Cretaceous); Crgy — Malinowce Conglomerate (Upper Cretaceous); Cry,
reCrg" — Godula Beds (Upper Cretaceous); Cr;® — Jasper Beds (Cretaceous); Cr,’ — Mikluszowice Hornfelses and Lgota
Beds (Cretaceous); Cr’® — Lgota Beds (Lower Cretaceous); Cr,’ — Verovice Shales (Lower Cretaceous); Cry® —
Grodziszcze Beds (Lower Cretaceous); Cr.’ — Upper Cieszyn Shales (Lower Cretaceous); Sub-Silesian Unit of the
Wisniowa and Skrzydlna tectonic window: Olme™ — Menilite and Jasto Shales (Paleogene); Epme™ — Sub-Menilite
Marls (Paleogene); ,E — green shales with Ankerite concretions (Paleogene); cE — red marls (Paleogene); mg.E — varie-
gated marls with barite (Paleogene)’ ,.E™ — Variegated Shales (Eocene); mpE — white marls (Paleogene); Pc,, — Czerwin
Glauconite Sandstone (Paleogene); CrPg — white marls (Cretaceous-Paleogene); Crg,” — Szydlowiec Sandstones (Upper
Cretaceous); Cr, — Rybie Sandstones (Upper Cretaceous); Cr,q — Weglowka Variegated Marls (Upper Cretaceous); meCr
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— marls with exotic rocks (Upper Cretaceous); Crg — Inoceramian and Godula Beds (Upper Cretaceous); Crgq; — Lower
Godula Beds (Upper Cretaceous); ,.Crs” — Variegated Godula Shales (Lower Cretaceous); Cr;” — Jasper Beds (Creta-
ceous); Cr,” — Mikluszowice Hornfelses (Cretaceous); ;Cr”, Cr” — Lgota Beds (Lower Cretaceous); Cr,” — Verovice
Beds (Lower Cretaceous); Crq™ — Grodziszcze Beds (Lower Cretaceous); Cr.” — Upper Cieszyn Shales (Lower Creta-
ceous).

LIMANOWA SHEET (Wojcik et al., 2009). Holocene: 1-6; Pleistocene: 7-10; Transgressive Para-
Autochthonous Miocene: 11; Sub-Silesian Unit (Lanckorona-Zegocina Unit): 12 — shales, marls and sandstones
(Upper Cretaceous-Oligocene); 13-14 — Lower Krosno Beds (Oligocene); 15 — Menilite Beds (Oligocene); 16 — Numu-
litic Conglomerates (Eocene); 17 — Rybie and Rajbrot sandstones (Paleocene); 18 — Variegated Weglowka Marls (Up-
per Cretaceous-Eocene); 19 — Zegocina Marls (Upper Cretaceous); 21 — Jasienica Marls (Upper Cretaceous); Silesian
Unit: 22 — Lower Krosno Beds (Oligocene); 23 — Menilite Beds (Oligocene); 24 — Hieroglyphic Beds (Eocene); 25 —
Variegated Shales (Eocene); 26 — Upper Istebna Beds (Paleocene); 27-28 — Lower Istebna Beds (Upper Cretaceous—
Paleocene); 29 — Godula Shales (Upper Cretaceous); 30 — Godula Beds (Upper Cretaceous); 31 — Variegated Godula
Shales (Upper Cretaceous); 32 — Jasper Beds (Cenomanian); 33 — Lgota Beds (Albian-Cenomanian); 34 — Verovice
Beds (Barremian-Aptian); 35 — Grodziszcze Beds (Hauterivian); 36 — Grodziszcze and Upper Cieszyn Beds undivided
(Valanghinian-Hauterivian); 37 — Upper Cieszyn Beds (Valanghinian-Hauterivian); Grybéw Unit: 38 — Lower Krosno
Beds (Oligocene); 39 — Jasto Shales (Oligocene); 40 — Menilite Beds (Oligocene); 41 — organodetritic limestones (Oli-
gocene); Magura Unit: 42 — Malastow/Budzow/Super-Magura Beds (Eocene-Oligocene); 43 — Magura Beds —
Watkowa Sandstones (Eocene-Oligocene); 44 — Zembrzyce Shales — Sub-Magura Beds (Eocene-Oligocene); 45 — Hier-
oglyphic Beds (Eocene); 46 — Pasierbiec Sandstones (Eocene); 47 — Ciezkowice Sandstones (Eocene); 48 — Variegated
Shales (Paleocene-Eocene); 49 — Jaworzynka/lnoceramian Beds (Upper Cretaceous-Paleocene); 50 — Kanina and Hier-
oglyphic Beds (Upper Cretaceous); 51 — Inoceramian Beds (Upper Cretaceous); Dukla-Grybéw Unit (Slopnice-
Obidowa Unit): 52 —Krosno Beds (Oligocene); 53 — Grybéw Beds (Oligocene); 54 — Rdzawka Beds (Eocene); Carpa-
thian Foredeep Miocene: 55 — Skawina Beds.

MECINA SHEET (Paul and Jugowiec, 2001). Holocene: 1-9; Pleistocene: 10-16; Transgressive Para-
Autochthonous Miocene: 17-18 — Bela and Iwkowa Formations; Magura Unit: 19 — Budzéw/Matastow/Super-
Magura Beds (Oligocene); 20 — Hornfelses of the Super-Magura Beds (Oligocene); 21 — Magura Sandstones (Oligo-
cene); 22 — Magura Beds (Oligocene); 23 — Zembrzyce Shales — Sub-Magura Beds (Eocene-Oligocene); 24 — Hiero-
glyphic Beds (Eocene); 25 — Cigzkowice Sandstones (Eocene); 26 — Variegated Shales (Paleocene-Eocene); 27 — Ja-
worzynka/lnoceramian Beds (Upper Cretaceous-Paleocene); 28 — Kanina and Hieroglyphic Beds (Upper Cretaceous);
29 — Variegated Shales); Grybow Unit (Michalczowa Unit): 30 — Krosno Beds (Oligocene); 31 — Jasto Limestones
(Oligocene); 32 — Krosno Beds (Oligocene); 33 — Grybow and Menilite Neds (Oligocene); 34 — Globigerina Marls
(Eocene-Oligocene); 36 — Hieroglyphic Beds (Eocene); 37 — Variegated Shales (Eocene); 38 — Jaworzynka/lnoceramian
Beds (Upper Cretaceous-Paleocene); Dukla Unit: 39-40 — Cergowa and Menilite Beds (Oligocene); 41 — Hieroglyphic
Beds (Eocene); Silesian Unit: 42 — Krosno Beds (Oligocene); 43 — Jasto Limestones (Oligocene); 44 — Krosno Beds
(Oligocene); 45 — Menilite Beds (Oligocene); 46 — Globigerina Marls (Eocene-Oligocene); 47 — Hieroglyphic Beds
(Eocene); 48 — Ciezkowice Sandstone (Eocene); 49 — Variegated Shales (Paleocene-Eocene); 50-51 — Upper Istebna
Beds (Paleocene); 52-53 — Lower Istebna Beds (Upper Cretaceous—Paleocene); 54-57 — Godula Beds (Upper Creta-
ceous); 58 — Lgota Beds (Albian-Cenomanian); 59 — Verovice Beds (Barremian-Aptian); 60 — Grodziszcze Beds (Hau-
terivian-Aptian); 61 — Upper Cieszyn Beds (Beriasian-Hauterivian); Sub-Silesian Unit (Wegléwka facies): 62 —
Weglowka Variegated Marls (Campanian-Paleocene); Sub-Silesian Unit (Frydek facies): 63 — Rajbrot Sandstones
(Paleocene); 64 — Frydek Marls (Campanian-Paleocene); Carpathian Foredeep Miocene: 65 — shales, claystones and
siltstones (Badenian).
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2.2. STRATIGRAPHY
2.2.1. CARPATHIAN BASEMENT

Precambrian

In the western and central part of the tender
area, the crystalline Precambrian basement
was drilled at a depth of 2290.0 m in the
Wisniowa 6 well. Ediacaran sedimentary
rocks — coarse-grained polymictic conglomer-
ates classified as the Potrdjna Formation over-
lie the crystalline rocks in some places, e.g. in
the following wells:

* Wisniowa IG-1: 2770.0-2931.2 m,

* Wisniowa 3: 2534.0-2613.0 m,

* Wisniowa 6: 2286.0-2290.0 m,

* Raciechowice 1.
The thickness ranges from 4 to over 161 m.

Cambrian

The Cambrian is represented by the Borzgta
Formation, divided into Myslenice, Osieczany
and Rajbrot members (Jachowicz-Zdanow-
ska, 2010). It occurs in the western and cen-
tral part of the tender area, and was recog-
nized in wells (Fig. 2.7):

* Wisniowa IG-1: 2755.0-2770.0 m,

* Wisniowa 3: 2509.0-2534.0 m,

* Wisniowa 6: 2205.0-2286.0 m,

* Rajbrot 1: 4322.0-4948.0 m,

* Rajbrot 2: 3821.0-4158.0 m.
The thickness of the formation ranges from 15
to 626 m.

The Paleozoic and Precambrian top surfaces
is illustrated in Fig. 2.6, while the Fig. 2.7
presents a carrent state of their lithostrati-
graphic subdivision (Jachowicz-Zdanowska,
2010). More details on the Precambrian in the
western part of the Carpathians can be found
in Wojcik et al. (2017a).

Devonian-Lower Carboniferous
carbonate rocks

The Devonian and Lower Carboniferous car-
bonate rocks lie directly on clastic Cambrian
formations (e.g. Rajbrot 1 and Rajbrot 2
wells; Narkiewicz, 2005), which seems quite
strange, considering that the beginning of the
carbonate sedimentation was not preceded by
the stage of shallow marine clastic deposition.
Therefore, it seems reasonable to reconsider
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the stratigraphic position of at least some of
the formations classified as Cambrian by
Jachowicz-Zdanowska (2010; Fig. 2.7). The
Devonian and Lower Carboniferous are over-
lain by clastic deposits of the upper part of the
Carboniferous (Fig. 2.3), or by Permian or
Jurassic formations (Fig. 2.10). Sometimes
they lie directly below the sub-Miocene ero-
sion surface. Within the tender area, the De-
vonian and Lower Carboniferous rocks were
drilled in the following wells:

» Iwkowa 1: 3206.07-3228.0 m,

* Rajbrot 1: 3083.07-4322.0 m,

* Rajbrot 2: 2650.0-3821.0 m,

e Tarnawa 1: 4623.0-5510.0 m,

* Tymowa 1: 3313.0-3740.0 m,

« Zegocina 1.

The thickness of the Devonian and Lower
Carboniferous carbonate rocks reaches up to
1239.0 m in the Rajbrot 2 well (Narkiewicz,
2005). The smallest thickness of these depos-
its is found in the southern part of the Upper
Silesian Block, around the Bielsko-Biata
Dome, where locally they are completely
wedged out. The lack of these deposits in the
discussed part of the block may also be the
result of the Variscan erosion (Narkiewicz,
2005).

Narkiewicz (2005) developed a litho-
stratigraphic subdivision of Devonian and
Carboniferous carbonate rocks in the Tarnawa
1, Rajbrot 1 and Rajbrot 2 wells, interpreting
sedimentary environments and history of dia-
genesis (cf. Narkiewicz, 1978, 1996, 2001;
Toma$ and Zajac, 2010). He distinguished
from base to top: (1) dolomites and marly
limestones with bioturbation, (2) limestones,
dolomicrites and dolosparites, (3) nodular and
grained limestones, (4) marly horizon, (5)
grained limestones and (6) upper limestones
and marls. Using conodonts, miospores and
foraminiferids, Matyja et al. (2005) developed
a biostratigraphy of these deposits. This is, so
far, the most complete data on the Devonian
and Carboniferous lithology and stratigraphy
in the tender area, therefore, we quote the
entire 174 volume of the Prace Panstwowego
Instytutu Geologicznego as Appendix 1 to this
study.
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Carboniferous and Lower Permian
clastic rocks

The Lower Carboniferous clastic rocks in the
southern part of the Upper Silesian Block are
divided into two lithostratigraphic units of the
Carboniferous flysch: the Malinowice Beds
and the Zalas Beds (Kotas, 1972; 1982a, b;
Buta, 2000, 2001; Buta and Krieger, 2004). In
the tender area, the Carboniferous is repre-
sented only by the Zalas Beds (Buta, 2001),
recognized only in the Tarnawa 1 well at
depth 4364.0-4623.5 m (259.5 m thick).
Trzepierczynska (2001) included them to the
Visean—-Namurian A interval basing on mio-
spores. Above (depth 4214.0-4364.0 m;
thickness 150.0 m), the Lower Permian sedi-
ments occur, which miospore biostratigraphic
position was determined by Dybova-Jacho-
wicz and Filipiak (2001).

The extent of the Culm rocks is illustrated in
Fig. 2.9. As in the previous section, detailed
information on Carboniferous and Lower
Permian can be found in the Appendix 1 of
this document.

Upper Permian and Permian-Triassic

The Permian and Mesozoic rocks in the Block
413-414 tender area lie unconformably on
both Lower and Upper Palaeozoic strata (Figs
2.10-2.11). The Permian and Triassic depos-
its occur in the so-called Liplas-Tarnawa area.
They were drilled in the following wells:

* Leszczyna 1: 2313.0-2410.0 m,

* Leszczyna 4: 2779.0-2850.0 m,

* Rajbrot 2: ?

e Tarnawa 1: 3027.0-4214.0 m,

» Wisniowa 4: 2490.0-2602.0 m,

* Wolica 1: 3025.0-3177.5 m.
Their thickness is 8.0-1187.0 m. It should be
noted, however, that the boundary between
Permian-Triassic and Jurassic in the Tarnawa
1 well is a matter of discussion, and, accord-
ing to Moryc (2014), runs at a depth of
2998.0 m.

The most complete succession of the Permi-
an-Triassic boundary interval was recognized
in the Tarnawa 1 well. Kiersnowski (2001; cf.
Buta, 2001) separated the part corresponding
to the Upper Permian (3705.0-4214.0 m) and
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Permian-Triassic (3027.0-3705.0 m), inter-
preting sedimentary environments and recon-
structing the tectonic evolution of the basin
(see Appendix 1), later criticized by Moryc
(2014).

Jurassic

The Jurassic in the Block 413-414 tender area
is represented by the Doggerian and Malmian.
The Jurassic sediments in the basement of the
Carpathian units lie unconformably on the
Triassic or on various Paleozoic rocks. The
Jurassic forms a continuous sedimentary cov-
er from Wadowice to Rzeszow. The succes-
sion is composed of carbonate rocks, which
were drilled in the following wells:

e Czchow 1:3133.5-3216.0 m,
Iwkowa 1: 2990.0-3206.0 m,
Leszczyna 1: 1955.0-2313.0 m,
Leszczyna 2: 2240.4-2305.0 m,
Leszczyna 3: 2427.0-2550.0 m,
Leszczyna 4: 2461.0-2779.0 m,
Leszczyna 21: 2533.0-2564.6 m,
Leszczyna 22: 2540.5-2600.0 m,
Lipnica Gorna 1: 2620.0-2710.0 m,
Lapanow 2/2K: 1927.0-2050.0 m,
Lakta 4: 2393.0-2438.8 m,
Lakta 9: 2338.0-2382.0 m,
Lakta 13: 2406.0-2461.0 m,
Lakta 22: 2488.0-2511.0 m,
Lakta 24: 3068.0-3150.0 m,
Lakta 25: 2412.0-2423.0 m,
Lakta 30K,
Muchowka 1: 2514.0-2620.0 m,
Muchoéwka 2.
Potom Duzy 2: 2581.0-2630.0 m,
Raciechowice 1,
Rajbrot 1,
Rajbrot 2,
Tarnawa 1,
Tymowa 1: 2703.0-3313.0 m,
Wisniowa 1G-1: 2648.0-2755.0 m,
Wisniowa 3: 2332.0-2509.0 m,
Wisniowa 4: 2328.0-2490.0 m,
Wisniowa 6: 2093.0-2205.0 m,
Wolica 1: 2748.0-3025.0 m,
Zegocina 1.
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Cretaceous

The Upper Cretaceous — Cenomanian, Tu-
ronian and Senonian deposits occur in the
north-western and north-eastern part of the
tender area. The Turionian-Senonian deposits
are composed of marls, sandy marls, sand-
stones, conglomerates and claystones. In the
Lower Cenomanian there are claystones,
mudstones, sandstones, conglomerates, and
also marls and cherts (Poprawa and Nemcok,
1989). The extent of the Cretaceous deposits
in the Carpathian basement was illustrated by
Moryc (2005; Fig. 2.12), however, in the light
of current data, the ranges of particular units
need to be verified. The following wells
drilled the Cretaceous in the tender area:

Czchéw 1: 3120.0-3133.5 m,
Iwkowa 1: 2841.0-2990.0 m,
Leszczyna 2: 2225.0-2240.0 m,
Leszczyna 22: 2511.0-2540.5
Lipnica Gorna 1: 2470.0-2620.4 m,
Lakta 9: 2327.0-2338.0 m,

Lakta 13: 2383.0-2406.0 m,
Lakta 22: 2460.0-2488.0 m,
Lakta 25: 2391.0-2412.0 m,
Muchowka 1: 2494.0-2514 m,
Muchowka 2,

Potom Duzy 2: 2437.0-2581.0 m,
Rajbrot 2,

Tymowa 1: 2660.0-2703.0 m,
Wisniowa 6: 2052.0-2093.0 m.

- Fig. 2.6. Hypsometry of the Precambrian and Paleozoic (without Permian) top surface in the Block 413-414 tender
area and its neighborhood (Buta and Habryn, 2008) with location of wells that drilled the Carpathian basement.
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Fig. 2.7. Lithostratigraphy and correlation of the Precambrian and Cambrian deposits in wells located within the Block
413-414 tender area (Jachowicz-Zdanowska, 2010).

- Fig. 2.8. Hypsometry of the Devonian-Carboniferous carbonate complex base surface in the Block 413-414 tender
area and its neighborhood (Buta and Habryn, 2008) with location of wells that drilled the Carpathian basement.

- Fig. 2.9. Hypsometry of the Carboniferous clastic complex (Culm) base surface in the Block 413-414 tender area
and its neighborhood (Buta and Habryn, 2008) with location of wells that drilled the Carpathian basement.

- Fig. 2.10. Percambrian and Paleozoic (without Permian) overburden in the Block 413-414 tender area and its neigh-
borhood (Buta and Habryn, 2008) with location of wells that drilled the Carpathian basement.
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2014). M; — Lower Miocene, J; — Upper Jurassic, J, 3 — Middle and Upper Jurassic, P-T — Permian and Triassic, P, —
Upper Permian, P; — Lower Permian, C, — Upper Carboniferous, C; — Lower Carboniferous, D — Devonian; Cm; —

Lower Cambrian.

D mastrycht / Maastrichtian
[:] kampan / Campanian
santon / Santonian
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Fig. 2.12. Upper Cretaceous in the Carpathian basement with location of the Block 413-414 and Krélowka tender areas
(Moryc, 2005). According to the current state of knowledge, the view needs to be verified basing on new wells drilled
after 2005.
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2.2.2. MIOCENE OF THE CARPATHIAN FOREDEEP

Within the Block 413-414 tender area, the
Miocene of the Carpathian Foredeep occurs
below the Carpathian flysch as autochthonous
and allochthonous deposits. Moreover, in the
area of Iwkowa, the Miocene transgressive
deposits occur above the flysch.

Transgressive Miocene

In the vicinity of lwkowa, on the surface or
under the thin cover of Quaternary sediments,
and especially in the Iwkowa 1 well, the
Miocene sediments lie unconformably and
transgressively on the Carpathian flysch
formations. In the well, they reach a thickness
of 555 m. As Paul and Jugowiec (2021) wrote,
“these are grey, marly, soft mudstones with an
admixture of pelitic muscovite, with an
irregular, flat-textural fissility, with
a numerous small molluscs represented by
bivalves, rarely gastropods. In the upper part
of the succession, they change into soft, grey-
blue, marly claystones and mudstones with
spherical or  lamellar fissility  with
intercalations or several-metre thick complexes
of grey-yellowish, poorly cemented sandstones,
usually fine, and rarely medium or coarse-
grained, with parallel or diagonal lamination.
These sediments include claystone
intercalations with flysch pebbles 5-20 cm
thick and single blocks of Istebna Sandstones
up to | m. ... Redeposited fragments of lignites
are often found in the sediments, mainly in the
form of brittle xylites. Lignites can form thin
intercalations or lenses”.

In the upper part of the succession there are
about 200 m thick conglomerate and sandstone
complex with intercalations of claystones and
mudstones and clays. The conglomerates are
formed by flysch rocks, mainly Magura
Sandstones in the glauconite facies, less
frequently fragments of Miocene algal
limestones, soft marls and pieces of lignites.
The succession of the transgressive Miocene in
the vicinity of Iwkowa has been divided into
two — Iwkowa and Bela formations. The
transgressive Miocene — mudstones, sand-
stones, sands and clays — was also found in the
vicinity —of  Zegocina, although their
stratigraphic and tectonic position is currently
not clearly defined (W¢jcik et al., 2017Db).
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Allochthonous Miocene

The allochthonous Miocene (Stebnik Unit) in
Block 413-414 tender area was drilled in the
following wells:

e Lipnica Gorna 1: 1575.0-1735.0 m,
Lakta 4: 1835.0-1856.0 m,
Lakta 9 :1985.0-2036.0 m,
Muchowka 1: 2060.0-2120.0 m,
Muchowka 2,
Rajbrot 1,
Tarnawa 1.

Autochthonous Miocene

The autochthonous Miocene, similarly to the
allochthonous one, is not exposed on the
surface in the Block 413-414 tender area.
However, these deposits were drilled in
numerous wells as one of the main exploration
horizons in the region. These are:

e (Czchow 1:3098.5-3122.0 m,
Dobczyce 5: 1670.0-1912.0 m,
Iwkowa 1: 2702.0-2841.0 m,
Leszczyna 1: 1625.0-1955.0 m,
Leszczyna 2: 1897.0-2225.0 m,
Leszczyna 3: 1944.0-2427.0 m,
Leszczyna 4: 2179.0-2461.0 m,
Leszczyna 21: 1820.0-2531.0 m,
Leszczyna 22: 1880.0-2511.0 m,
Lipnica Gorna 1: 1735.0-2470.0 m,
Lapanow 2/2K: 1550.0-1927.0 m,
Lakta 4: 1856.0-2393.0 m,
Lakta 9: 2036.0-2327.0 m,
Lakta 11: 1870.0-2588.0 m,
Lakta 13: 1995.0-2383.0 m,
Lakta 14: 1905.0-2473.0 m,
Lakta 22: 2172.0-2460.0 m,
Lakta 24: 2891.0-3068.0 m,
Lakta 25: 2008.0-2391.0 m,
Lakta 30K,
Muchéwka 1: 2120.0-2494.0 m,
Muchowka 2,
Potom Duzy 2: 1510.0-2437.0 m,
Raciechowice 1,
Rajbrot 1,
Rajbrot 2,
Tarnawa 1,
Tymowa 1: 2538.0-2660.0 m,
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e Wisniowa IG-1: 2268.0-2648.0 m,

e Wisniowa 3: 2275.0-2332.0 m,

e Wisniowa 4: 2100.0-2328.0 m,

e Wisniowa 6: 1867.0-2052.0 m,

e Zegocina 1.

The autochthonous Miocene in the Block 413-
414 tender area is poorly recognized. The
Miocene succession in the mentioned above
wells is most often not stratigraphically
subdivided (Figs 2.13-2.14). Only in the
Muchéwka 2 and Rajbrot 2 wells, the Miocene
succession was classified as the Upper
Badenian (Muchowka 2) or Upper and Lower
Badenian (Rajbrot 2). No evaporitic layers
were found anywhere. The Miocene is

2.2.3. OUTER CARPATHIAN FLYSCH

Distribution and thickness

Detailed geological investigations of the west-
ern part of the Carpathians was made in the
1950s and 1960s, mainly thanks to geological
and cartographic works and lithostratigraphic
studies by Ksiazkiewicz, summarized in 1972
in a separate volume of the Geology of Poland
(Ksigzkiewicz, 1972). In the Block 413-414
tender area, flysch deposits of the Outer Carpa-
thians occur on the surface or under a thin cov-
er of Quaternary deposits. The following tec-
tonic units can be distinguished (from north to
south): Silesian, Sub-Silesian and Magura
(Zytko et al., 1989; Fig. 2.1). The detailed de-
scription of individual lithostatigraphic units,
distinguished within these tectonic nappes, can
be found in the explanations to the Detailed
Geological Map of Poland, 1. 50,000 -
Wieliczka (Burtan and Wojcik, 2017), Bohnia
(Kopciowski et al., 2017), Brzesko (Jankowski
and Paul, 2016), Mszana Dolna (Burtan, 1978),
Limanowa (Wdjcik et al., 2017b) and Mgcina
sheets (Paul and Jugowiec, 2021). At this point,
we once again refer to our previous studies
dedicated to the Sucha Beskidzka-Wisniowa
tender areas (Wojcik et al., 2017a) and Kro-
lowka (Jankowski et al., 2018), where you can
find a broader description of Outer Carpathian
stratigraphy, presented here only briefly.

The Outer Carpathian surface geology in the
Block 413-414 tender area is illustrated in Figs
2.1-2.3 and its references. Below is also a list
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represented by dark-grey mudstones and
claystones, intercalated with light gray quartz-
muscovite sandstones. At present, it is not
possible to determine whether sandstones form
long and continuous layers, but it seems that in
a significant part of the succession thin layers
of mudstones, claystones and sandstones, partly
with heterolithic character, predominate (Figs
2.13-2.14). Assuming the interpretation of
lithostratigraphy for the western part of the
Carpathian Foredeep (Oszczypko et al., 2006),
the described succession probably belongs to
the Skawina Formation.

of wells that drilled or pierced flysch deposits
in the tender area, with the depth of the bottom
of the Outer Carpathians:

e (Czchow 1: 3060.0 m,
Dobczyce 5: 1670.0 m,
Iwkowa 1: 2702.0 m,
Jaworzna 1: 3214.1 (not pierced),
Leszczyna 1: 1625.0 m,
Leszczyna 2: 1897.0 m,
Leszczyna 3: 1944.0 m,
Leszczyna 4: 2179.0 m,
Leszczyna 21: 1820.0 m,
Leszczyna 22: 1880.0 m,
Lipnica Gorna 1: 1575.0 m,
Lapanow 2/2K: 1550.0 m,
Lakta 4: 1835.0 m,
Lakta 9: 1985.0 m,
Lakta 11; 1870.0 m,
Lakta 13:1995.0 m,
Lakta 14: 1905.0 m,
Lakta 22: 2175.0 m,
Lakta 24: 2891.0 m,
Lakta 25: 2008.0 m,
Muchéwka 1: 2060.0 m,
Muchowka 2,
Potom Duzy 2: 1510.0 m,
Raciechowice 1,
Rajbot 1,
Rajbot 2,
Tarnawa 1,



BLOCK 413-414

Tymowa 1: 2538.0 m,
Wisniowa IG-1: 2268.0 m,
Wisniowa 3: 2275.0 m,
Wisniowa 4: 2100.0 m,
Wisniowa 6: 1867.0 m,
Wolica 1: 2748.0 m,
Zegocina 1.

Sub-Silesian Unit

The Sub-Silesian (Sub-Silesian/Melange) Unit
occurs in the southern part of the tender area in
tectonic windows (including Wisniowa and
Skrzydlna windows) along the line of Magura
Unit overthrust (Figs 2.—2.2). This unit is repre-
sented by Cretaceous and Paleogene deposits,
similar in lithology to the Silesian Unit. The
succession of the Sub-Silesian Unit is com-
posed of:

1. Upper Cieszyn Shales, Valanghinian—
Albian, ~100 m thick.

2. Grodziszcze Beds, Valanghinian—Albian,
thickness ~100 m.

3. Verovice Shales, Valanghinian—Albian.

4. Lgota Beds, Aptian.

5. Spotted Shales of the Lgota Beds, Albi-
an—Cenomanian.

6. Mikuszowice Hornfels, Albian—Ceno-
manian.

7. Jasper Beds, Albian-Cenomanian.

8. Variegated Shales of the Godula Beds,
Cenomanian—Senonian.

9. Lower Godula Beds, Cenomanian—
Senonian.

10. Godula and Inoceramian Beds, Ceno-
manian—Senonian, thickness ~~250 m.

11. Gray marls with exotics/Frydek facies,
Cenomanian—Senonian, thickness 100 m.

12. Weglowka Variegated Marls, Cenoma-
nian—Senonian.

13. Rybie Variegated Sandstones, Cenoma-
nian—Senonian.

14. Bryozoan-lithothamnium sandstones
from Szydtowiec, Cenomanian—
Senonian, thickness ~250 m.

15. White Marls, Senonian—Eocene, several
meters thick.

16. Glauconite Sandstones from Czerwin,
Paleocene.

17. Layered White Marls, Eocene.

18. Variegated Shales, Eocene, thickness
~50-70 m.
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19. Red Marls, Eocene.

20. Green shales with ankerite concretions,
Eocene.

21. Sub-Menilite Marls, Eocene.

22. Menilite Shales and Jasto Shales, Oligo-
cene.

The Sub-Silesian Unit (usually undivided
lithostratigraphically) was detected in the fol-
lowing wells:

Czchow 1: 2765.0-3060.0 m,
Iwkowa 1: 2543.0-2702.0 m,
Leszczyna 1: 1470.0-1625.0 m,
Leszczyna 2: 1750.0-1897.0 m,
Leszczyna 4: 2040.0-2179.0 m,
Lakta 9: 1640.0-1985.0 m,
Lakta 13: 1880.0-1995.0 m,
Lakta 14: 1732.0-1905.0 m,
Lakta 22: 2066.0-2172.0 m,
Lakta 24: 2296.0-2890.0 m,
Lakta 25: 1842.0-2008.0 m,
Muchowka 2,

Wisniowa IG-1: 15.0-2268.0 m,
Wisniowa 3: 270.0-2275.0 m,
Wisniowa 4: 1850.0-2100.0 m,
Wisniowa 6: 1312.0-1867.0 m,
Wolica 1: 2421.0-2748.0 m,
Zegocina 1.

Silesian Unit

The Silesian Unit occurs in the northern part of
the tender area (Figs 2.1-2.2). This unit is rep-
resented by Cretaceous and Paleogene deposits:

1. Cieszyn Beds, Beriassian—Hauterivian,
thickness ~ 200 m.

2. Grodziszcze Beds, Hauterivian—Albian,
thickness ~100 m.

3. Verovice Beds, Hauterivian—-Albian,
thickness ~80 m.

4. Gaize Beds, Albian, thickness ~50 m.

5. Lower Lgota Beds, Albian, thickness
~200 m.

6. Lower Godula Beds, Turonian—
Maastrichtian, thickness ~300 m

7. Godula Beds, Turonian—Maastrichtian,
thickness of the Godula Variegated
Shales ~60 m.

8. Undivided Godula Beds, Turonian—
Maastrichtian.

9. Lower Istebna Beds, Cretaceous—
Paleocene, thickness ~80 m.
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10. Lower Istebna Beds, Upper Cretaceous—
Paleocene, thickness ~1300 m.

11. Lower Istebna Beds, Upper Cretaceous—
Paleocene, thickness ~250 m.

12. Upper Istebna Beds, Palaeocene, thick-
ness ~200 m.

13. Upper Istebna Beds, Palaeocene, thick-
ness ~120 m.

14. Variegated Shale, Eocene, thickness

~100 m.
Ciezkowickie

thickness ~80 m.

16. Hieroglyphic Beds, Eocene, thickness
may exceed 400 m.

17. Menilite Beds, Oligocene, maximum
thickness 100 m.

18. Lower Krosno Beds, Oligocene, maxi-
mum thickness ~500 m.

15. Sandstones, Eocene,

The Silesian Unit was also drilled in the fol-
lowing wells:

Czchéw 1: 10.0-2765.0 m,
Dobczyce 5: 10.0-1670.0 m,
Iwkowa 1: 565.0-2543.0 m,
Jaworzna 1: 2258.0-3214.1 m,
Leszczyna 1: 15.0-1470.0 m,
Leszczyna 2: 5.0-1750.0 m,
Leszczyna 4: 10.0-2040.0 m,
Leszczyna 21: 0.0-1820.0 m,
Leszczyna 22: 0.0-1540.0 m,
Lipnica Goérna 1: 10.0-1575.0 m,
Lapanow 2/2K: 10.0-1550.0 m,
Lakta 4: 10.0-1835.0 m,
Lakta 9: 15.0-1640.0 m,
Lakta 11: 0.0-1870.0 m,
L.akta 13: 0.0-1880.0 m,
Lakta 14: 0.0-1732.0 m,
Lakta 22: 10.0-2066.0 m,
Lakta 24: 0.0-2296.0 m,
Lakta 25: 0.0-1845.0 m,
Lakta 30K,

Muchowka 1: 0.0-2060.0 m,
Muchowka 2,

Potom Duzy 2: 0.0-1510.0 m,
Raciechowice 1,

Rajbrot 1,

Rajbrot 2,

Tarnawa 1,

Tymowa 1: 8.0-2538.0 m,
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Wisniowa 3: 0.0-270.0 m,
Wisniowa 4: 0.0-1850.0 m,
Wisniowa 6: 0.0-1312.0 m,
Wolica 1: 0.0-2421.0 m,
Zegocina 1.

Magura Unit

Within the Magura Unit, only the Siary facies
zone occurs in the tender area (Fig. 2.1). Ac-

cord

ing to the description of Cieszkowski et al.

(2006; see also Wojcik et al., 2017a), the fol-

lowi

ng lithostratigraphic units can be distin-

guished:

1.

Jaworzynka Formation: Biotite Beds (In-
oceramian Beds in the biotite facies),
Senonian, thickness ~70 m.

. Jaworzynka Formation: Ropianka Beds

(Inoceramian Beds), Senonian—

Paleocene, thickness ~150 m.

. Jaworzynka Formation: Mutne Sandstone

Member, Paleocene, thickness ~300 m.

. Labowa Formation: Variegated Shales,

Paleocene-Middle thickness

~120 m.

Eocene,

. Labowa Formation: Zurawnica Sandstone

Member (Ciezkowice Sandstones), Eo-
cene, thickness of the Zurawnica sand-
stones is about ~150—-300 m.

. Labowa Formation: Skawce Sandstone

(Pasierba Sandstones?), Eocene, thick-
ness ~200-350 m.

. Belowesko Formation: Drozdzina Shales

Member (Hieroglyphic Beds), Middle
and Upper Eocene, thickness from sever-
al to several dozen meters.

. Makow Formation: Zembrzyce Shales

(Sub-Magura Beds), Eocene, thickness
from several dozen to about 500 m.

. Makow Formation: Watkowa Sandstone

Member (Magura Sandstones), Upper
Eocene, thickness from several hundred
to 1000 m.

10. Makéw Formation: Budzéw Shales

The

Member (Magura Beds), Upper Eocene,
thickness up to 800 m.

Magura Unit, together with the Sub-

Magura Unit, was drilled in the Jaworzna 1

well

in the interval 15.0-2258.0 m.
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Fig. 2.13. Stratigraphic and geophysical correlation, as well as results of hydrocarbon tests in wells located within the Block 413-414 tender area (Wilk et al., 2013).
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Fig. 2.14. Stratigraphic and geophysical correlation, as well as results of hydrocarbon tests in wells located within the Block 413-414 tender area (Wilk et al., 2013).
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2.2.4. CENOZOIC

Based on the Detailed Geological Map of
Poland in the scale of 1: 50,000, it can be
concluded that the geological basement of the
area is heterogeneous. Quaternary deposits
cover a smaller part of the area. In the north-
ern part, Quaternary sediments are represent-
ed mainly by aeolian deposits from the last
glaciation. They are formed as Pleistocene
loess and loess-like silts. The thickness of the
cover of loess formations is usually several
meters. Within the cover, the soils were
found, which are marked in the succession
with an increased content of humus or silt
inserts. Sand intercalations or sand deposits
within the dust cover indicate an increase in
wind strength during accumulation or the de-
velopment of slope processes in the peri-
glacial zone. The lithologically discussed sed-
iments are brown-yellow, yellow and yellow-
grey dusts, sandy dusts, clays and silty clays.
Under the cover of loess in the Raba valley,
between Gdow and Niegowa, there are sands
and river gravels of terraces 8.0-15.0 m a.l. of
the river. In the Raba valley, gravels, sands,
clays and river clays were also distinguished —
products of terraces reaching 5.0-8.0 m a.l. of

35

the river. They build the so-called rendzina
belt (Fig. 2.2).

At the ends of the side valleys, these ter-
races are overbuilt by alluvial fans. They are
composed of gravels and boulders with a di-
ameter of 5-20 cm and sands of various
grains, and in the top — clays and sandy clays
with a thickness of 1.5-3.0 m.

The southern part of Block 413-414 tender
area is characterized by outcrops of older
rocks. Only in the south-western part, in the
area of Wisniowa, Zasan and Czerwin, Qua-
ternary clays and rock debris were found. The
valleys are filled with Holocene sediments —
gravels, sands, floodplain clays. On the
slopes, there are landslide colluvia formed
from flysch material (Fig. 2.2).

In the south-eastern part of the area, the
Quaternary sediments of various origin and
thickness lie on the flysch formations. These
are fluvial, solifluction-deluvial, colluvial,
eluvial, weathered, fluvioglacial sediments,
peat soils and calcareous tufa. Very locally,
the Quaternary is represented by clays, clays
with rock rubble, boulders and colluvial
blocks (flysch packages).



BLOCK 413-414

2.3. HYDROGEOLOGY

In the regionalization of fresh waters in Po-
land, the Block 413-414 tender area belongs
to the Vistula Province, the Upper Vistula
Region, the Outer Carpathians subregion.
Groundwater system includes two multiaqui-
fers formation: Quaternary and connected
Paleogene-Cretaceous system (Fig. 2.15).
Quaternary formations are mainly sands of
various granulation and gravel which are as-
sociated with river valleys. The average
thickness of this aquifer is 5 m. The Quater-
nary aquifer is fed by direct infiltration of
atmospheric precipitation and by infiltration
of rivers. In terms of chemistry, the waters of
the Quaternary aquifer are of medium quality
and are most often of the HCO3;-Ca-Mg and
HCO3-SO,4-Ca-Mg types. Flysch aquifers are
associated primarily with the top, cracked part
of flysch formations formed mainly in the
form of coarse and medium-grained sand-
stones with shale inserts. They are permeable
to a depth of 80-90 m below ground level.
The most permeable is the near-surface zone
with a thickness of 30-40 m. The average
thickness of the aquifer is about 15 m. The
waterlogged zone creates a discontinuous
aquifer. The flow of groundwater in flysch
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sediments is towards river valleys. The waters
in the flysch formations are of good and very
good quality and are characterized by miner-
alization in the range of 200 to 500 mg/dm?®.
Flysch aquifers are characterized by a moder-
ate degree of hazard to groundwater (Fig.
2.16). A very high level of threat includes the
Quaternary layers within the valleys of rivers.
It is related to the rapid vertical infiltration
through the aeration zone and the contamina-
tion of rivers by municipal sewage outflows.
There are three local groundwater reservoirs
in the tender area. These are the local Raba
and Stradomka reservoirs and the Istebna lay-
er reservoir (Fig. 2.15). The Raba and Stra-
domka reservoirs are pore reservoirs devel-
oped in Quaternary sediments with waters of
Il and Il quality class. The Istebna ground-
water reservoir is a pore-fissure including
Quaternary, Palaeogene and Cretaceous sedi-
ments. The tender area is located on the bor-
der of two balance areas - K-111 and K-1V. For
the K-IIl area (2829 km? the amount of
available resources is 211 200 m%24h. For the
K-V area (5194,95 km?), the amount of
available resources is 444 582 m*/24h.
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3. PETROLEUM PLAY

The petroleum play is defined as the set of
geological and petroleum processes leading to
the formation of a hydrocarbon field. The
petroleum play includes source rocks, reser-
voir rocks, and seal rocks. In addition, an es-
sential element of the petroleum play in con-
ventional accumulations is a trap, which, due
to its structural, stratigraphic, lithological and
tectonic features, creates a place of accumula-
tion of hydrocarbons. The existence of
a petroleum play and the formation of a hy-
drocarbon reservoir require a set of processes
located in space, as well as in geological time,
consisting of generation, expulsion, migration
and accumulation of hydrocarbons and for-
mation of a reservoir trap. The temporal inter-
relationships between the mentioned elements
and processes of the petroleum play allow the
formation of oil and gas fields.

The geology and tectonic, as well as hydro-
carbon characteristics of the Block 413-414
tender area enable to distinguish three sepa-
rate petroleum plays. They are developed in:

e Paleozoic-Mesozoic Carpathian base-

ment,
e Miocene of the Carpathian Foredeep,
e Quter Carpathian flysch.

The accumulations of hydrocarbons in the
Lapanow and Lakta fields (located within the
tender area) are at least partly related to the
Mesozoic-Palaeozoic petroleum play. In this
case, the Paleozoic-Mesozoic rocks belong to
two separate tectonic units: Upper Silesian
Block (approx. 85% of the area) and the
Matopolska Block (approx. 15% of the area in
its NE part). As a consequence, there are dif-
ferences in thermal maturity and transfor-
mation degree of organic matter. The best
generation properties are found in the Lower
Carboniferous and Middle Jurassic clastic
rocks deposited within the Upper Silesian
Block. The most promising source rocks in
the Matopolska Block are Devonian and
Lower Carboniferous carbonate and clastic
rocks. Mesozoic clastic and carbonate rocks
have the best reservoir properties (porosities
in the Cenomanian sandstones of the takta
field reach 21% and permeability is up to
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1367 mD, while the Upper Jurassic car-
bonates are characterized by variable values
of secondary porosity from several to 20%
and permeability exceeding 200 mD). The
Devonian and Carboniferous play also a role
of potential reservoir rocks (e.g. Rajbrot-2
well and Tarnawa 1 well, in which gasified
brine flows and natural gas shows were de-
tected). The Palaeozoic-Mesozoic system is
sealed by the Miocene of the Carpathian
Foredeep or Senonian marls that lie under the
Carpathian overthrust. The seal can also be
related to fine-clastic Carboniferous rocks.

The petroleum play developed in the Miocene
of the Carpathian Foredeep contains gas gen-
erated by biogenic and low-temperature ther-
mogenic processes. Approximately 5 km
north to the Block 413-414 tender area, the
Grabina-Nieznanowice field was discovered
with six horizons of high-methane natural gas
accumulations at a depth of 250 to 750 m.
The field was discovered in sandstone and
mudstone rocks, separated by siltstone and
claystone packages. The sand content deter-
mines the reservoir properties of these levels
(porosity ~4-22%, permeability ~0.002-

1.5 D), affecting the productlon oftggsbrpg%tem in the C

ing from several to 82 m®min. The Miocene
part of the Lakta field is an independent ac-
cumulation of high-methane natural gas in
sandstones and mudstones with a porosity of
8-12% and a permeability of several mD. Gas
production is from 4.25 m¥min to
99.5 m*min from the depth interval 1900—
2425 m. In the Miocene succession, there are
alternating horizons of fine-clastic rocks en-
riched in organic matter (they act as both
source and sealing rocks) and layers of mud-
stones and sandstones as collectors.

The third petroleum play is developed in the
Outer Carpathians. The best source rocks are
the Oligocene Menilite Shales, while the Eo-
cene Hieroglyphic Beds and Lower Creta-
ceous Upper Cieszyn Beds and Grodziszcze
Beds of the Sub-Silesian Unit are of minor
importance. The reservoir rocks are the Upper
Cretaceous-Paleocene Istebna Beds and the
Oligocene Krosno Sandstones. There are
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three fields in close vicinity of the Block 413-
414 tender: very small, depleted SkrzydIna oil
field (Krosno Sandstones of the Silesian Unit)
and Kleczany field (Grybow and Krosno Beds
of the Dukla-Grybéw Unit), as well as the
Stopnice gas-condensate field (Grybow and
Krosno Beds of the Dukla-Grybow Unit). The
Stopnice field, with a production of approxi-
mately 45 million m® of gas so far, still has 80
million m® of recoverable gas resources. The
field is abandoned, however, due to very poor
reservoir properties limits the production (po-
rosity: 0.01-2%, permeability up to several
mD).

The petroleum plays in the central part of the
Carpathians were previously described is geo-
logical data packages Sucha Beskidzka-
Wisniowa (Wojcik et al., 2017a) and Krélow-
ka (Jankowski et al., 2018) — tender areas
dedicated to the previous licensing rounds.

Paleozoic-Mesozoic petroleum play

Source rocks. The main source rocks in the
Block 413-414 tender area are found in the
Middle and Upper Devonian carbonates, Mis-
sissippian carbonate and clastic sediments, as
well as in the Middle Jurassic strata (Kotarba
et al., 2017). The Middle and Upper Devonian
source rocks are developed in carbonate faci-
es, i.e. dolomites, limestones, marls and marly
limestones. The TOC is typically below 0.2%.
(Kotarba et al., 2014), this classified the Mid-
dle and Upper Devonian rocks as having
a low hydrocarbon potential, also due to the
strong oxidation of organic matter. Oxidation
processes took place both at the deposition
stage and during the burial. The Middle and
Upper Devonian rocks in the Block 413-414
tender area have (according to Kotarba et al.,
2017):

TOC =0.00-2.6% (avg. 0,2%)

Tmax = 428°-466°C (avg. 438°C)

S2 =0.00-7.4 mg HC/g

Pl1=0.01-1.00
HI =0-367 mg HC/g TOC
Kerogen type: Il.

Geochemical investigations of 5 samples from
the Upper Devonian carbonate rocks of the
Tarnawa 1 well indicate small amounts of
dispersed organic matter (TOC up to 0.11%),
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which means that the sampled intervals are
barren (Kotarba et al. , 2001; App. 1).

The Mississipian (Tournaisian—Visean) car-
bonate rocks are developed as bituminous and
organodetritic limestones (Tarnawa 1, Rajbrot
1 and Rajbrot 2 wells). The results of geo-
chemical investigations in the Tarnawa 1 well
(12 samples from depth of 4623.1-5006.0 m;
Kotarba et al., 2001), indicate small amounts
of dispersed organic matter (maximum 0.27%
TOC), which is of a marine origin, entering
the middle phase of low-temperature thermo-
catalytic processes (oil window the following
parameters were observed:

TOC =0,00-0.27% (avg. 0,3)

Tmax = 444-452°C (avg. 449°C)

Pl =0.16-0.40 (avg. 0.28)

HI = 100-144 mg HC/g TOC

(avg. 126 mg HC/g TOC)

Ro =0.78-0.95%

Kerogen type: Il, locally 1I/11l.
Additionally, pyrolysis of 2 samples from the
Tymowa 1 well (depth 3320.0-3329.0 m)
indicate the TOC content in the range of
0.02-0.86%, with Tmax of 422-429°C
(Wegrzyn, 2017), which show weak source
rocks and immaturity of organic matter.

Clastic rocks of the Mississippian Culm facies
(Visean—Namurian A) in the tender area were
identified in the Tarnawa 1 well. They are
developed as fine- and medium-grained silt-
stones and sandstones, in places containing
intercalations and laminae of humic coal and
carbonaceous shale. Kotarba et al. (2014,
2017), based on samples derived from wells
located several kilometres north of the tender
area, indicate a low and moderate generation
potential of Mississippian clastic rocks and
immature and mature organic matter in the
middle oil window. According to Kotarba et
al. (2017), in the vicinity of the tender area,
the Mississippian source rocks in the Culm
facies are characterized by the following pa-
rameters:

TOC =0.00-2.8%

Tmax = 432-451°C (avg. 441°C)

S2 =0.33-3.0 mg HC/gRock

P1=0.03-0.32

HI =47-116 mg HC/g TOC

(avg. 58 mg HC/g TOC)
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Kerogen type: 111, locally I1/111.
In the Tarnawa 1 well, in the interval of
4365.0-4585.6 m, the Culm deposits contain
both dispersed organic matter in claystones
and coal intercalations (TOC reaches up to
79.8% by weight), typically terrestrial, gas-
forming organic matter predominates, and
vitrinite group is typical (Kotarba et al.,
2001). A single mudstone sample with a hy-
drogen index (HI) exceeding 300 mg HC/g
TOC indicates the presence of a significant
share of exinite macerals with oil-generating
properties (Kotarba et al., 2001). Mississippi-
an clastic source rocks in the Tarnawa 1 well
are characterized by the following parameters
(according to Kotarba et al., 2001):

TOC =0.53-79.8% (avg. 24.1%)

Tmax = 428-451°C (average 430°C)

P1=0.03-0.13 (avg. 0.05)

HI = 56-348 mg HC/g TOC

(avg. 177 mg HC/g TOC)

Ro=0.67-0.71%

Kerogen type: 111, locally type 11/111.

According to Kotarba et al. (2017), the hydro-
carbon potential of the Middle Jurassic strata
is variable. The samples with the highest TOC
and S2 occur only in the Tarnawa 1 well in
brown coal horizons. In other regions, the
Jurassic is low in organic matter. Rock-Eval
pyrolysis, biomarker distribution, stable car-
bon isotope composition and elemental com-
position of kerogen indicate that mixed kero-
gen type Il1/1l predominates. The Middle Ju-
rassic strata are generally immature or in the
early stage of low-temperature thermogenic
process. The Middle Jurassic is characterized
by the following parameters (Kotarba et al.,
2017):

TOC =0.00-15.7% (avg. 6.5%)

Tmax = 407-430°C (average 421°C)

S2 =0.22-43.1 mgHC/gRocks

(avg. 22.7 mg HC/g)

Pl =0.02-0.27

HI = 62-467 mgHC/gTOC

(avg. 264 mgHC/gTOC)

Kerogen: type I11, locally type HI/11.
The hydrocarbon potential of the Middle Ju-
rassic deposits was also analysed by Kosa-
kowski et al. (2012a) in the Tarnawa 1,
Rajbrot 1, Rajbrot 2 and Muchéwka 2 wells:

TOC =0.00-14.9% (average 0.2%)

Tmax = 410-430°C (average 423°C)
S1+S2 = 00.4-53.4 mgHC/gRocks
(avg. 22.8) mgHC/gRocks

HI = 121-507 mgHC/gTOC

(avg. 274 mgHC/gTOC)

Kerogen type: 11/l

Stage of maturity: immature/early oil
window

HC Potential: Poor to Good.

Reservoir rocks: Middle and Upper Devoni-
an carbonate rocks, Mississippian carbonate
rocks, Upper Jurassic carbonate rocks, hypo-
thetically Cambrian clastic rocks.

Devonian and Carboniferous carbonate rocks
from the Eifelian—Visean interval (limestones
and dolomites) were drilled in 6 wells. The
most complete succession was found in the
Tarnawa 1 well (4623.0-5510.0 m.). Reser-
voir properties of these rocks resulted from
fracturing and karst. Their porositiy ranges
from 0.15 to 8.76%, most often in the range
of 1-3%, and the maximum permeability was
several mD (Baran, 1995; Baran et al., 1998).
Referring to other data (see Chapter 5), in the
Tymowa 1 and Iwkowa 1 wells the Devonian
and Carboniferous carbonate rocks have
0.39-2.72% porosity and permeability <0.01
mD.

The Upper Jurassic rocks (limestones and
marls) constitute, next to the Miocene, the
most important reservoir horizon in the tender
area. Kosakowski et al. (2012b) analysed the
Upper Jurassic carbonate rocks between Kra-
kow and Lubaczow, where porosity ranges
from 0 to 18.3% (average 1.3%) and permea-
bility ranges from 0 to 436 mD (average 0.01
mD). Good reservoir properties of the Upper
Jurassic carbonate rocks are usually the result
of karstification and fracturing. Such an ex-
ample is the Lapanéw field, in which the Up-
per Jurassic has an average porosity of 11.2%,
with a permeability of 21-47 mD, and an ef-
fective thickness of the saturated horizon is
from 12 to 30 m. However, similar carbonate
rocks occurring in the vicinity of the Lapanow
field have negligible permeability and porosi-
ty, which does not exceed 2% (Polakowski,
2011). The Lakta field, associated with the
Upper Jurassic limestones, has porosity from
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0.4 to 20.74% and permeability 49 mD (Jawor
and Jawor, 1971, 1972). Below (Table 3.1),
reservoir properties of the Upper Jurassic car-
bonate rocks are listed based on data from
wells drilled within the tender area (see Chap-
ter 5):

Well name Samples PO[';Z’S]IW PerrFrﬁaDkilllty
Czchow 1 3 0.64-0.74 0.0
Iwkowa 1 8 1.43-11.51 0.1-1.7

Leszczyna 1 16 0.17-5.19 0

Leszczyna 3 19 4.36-10.33 1.28-3.32

Leszczyna 4 10 1.04-7.47 0-19.6

Leszczyna 21 3 0-058 —
Leszczyna 22 1 2.24 0
Lapanow 2/2k 13 0.84-5.8 0.001-0.09
Lakta 4 17 0-6.7 0-1.2
Lakta 9 1 1.23 0.3
Lakta 13 2 0.82-0.89 0
Lakta 22 1 1.33-8.38 0-2.6
Lakta 24 9 0.98-13.21 0-2.1
Lakta 25 2 2.43-3.8 0-5.54
Muchowka 1 7 1.71-8.87 0-360.1
Potom Duzy 2 2 8.07-10.69 0

Tymowa 1 37 1.74-21.50 <0.01-332.01

Wiséniowa 1 1 1.10 0

Wisniowa 3 14 0.99-2.71 0

Wisniowa 4 3 15-2.54 0

Wisniowa 6 20 0.4-1.59 5.2-74.7
Wolica 1 10 0.19-2.94 0-2.6

Tab. 3.1. Porosity and permeability of the Upper Jurassic
rocks in the Block 413-414 tender area.

The Cretaceous rocks should also be consid-
ered as reservoirs in the Block 413-414 tender
area. Their petrophysical characteristics are
given in Table 3.2.

Well name Samples Po[gz’silty Perr[nne1aDl:])|I|ty
lwkowa 1 13 7.15-15.92 52.8-554
Leszczyna 2 4 11.16-17.72 13.7-413.5
Lipnica Gorna 1 16 0.28-17.79 0-3400.6
Lakta 9 2 8.72-7.95 5.1
Lakta 13 5 9.64-11.44 135-706.5
Lakta 22 7 16.25-18.18 44-119.7
Lakta 25 11 4.04-14.69 0
Potom Duzy 2 13 10.25-20.49 71.2-458

Tab. 3.2. Porosity and permeability of the Cretaceous
rocks in the Block 413-414 tender area.

Reservoir rocks potentially also occur in the
Cambrian Borzgta Formation, drilled in 5
wells. The reservoir properties of Cambrian
sandstones were recognized in the vicinity of
Rajbrot, where they may form a potential
pore-fissure reservoir, with porosity from 2.81
to 13.6% (average 7.9%) and permeability
from 0.001 to 0.52 mD (average 0.001 mD;
Kosakowski et al., 2012b). In the Wisniowa 3
and Wisniowa 6 wells, the Cambrian reaches
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a porosity of 0.43-3.15% and a permeability
of 0-1.2 mD.

Seal rocks: Culm, Permian-Triassic, Middle
Jurassic, autochthonous Miocene of the Car-
pathian Foredeep and the Outer Carpathian
flysch series of the Sub-Silesian and Silesian
Units (locally Stebnik Unit) for Devonian and
Carboniferous horizons; autochthonous Mio-
cene of the Carpathian Foredeep and Miocene
of the Stebnik Unit for Jurassic horizon.

Overburden (approximately 1800-4500 m
thick): autochthonous Miocene of the Carpa-
thian Foredeep, folded Miocene of the Ste-
bnik Unit, flysch series of the Sub-Silesian,
Silesian and Magura Units.

Shape and size of traps. Structural/anti-
clinical traps predominate. Traps are related
most often with raised blocks of fractured
Devonian or Jurassic basement (e.g. takta
and Lapanow fields). Potential structures as-
sociated with the Jurassic blocks were illus-
trated in Figs 3.8-3.10. The most important
are the Raciechowice, Tymowa, lososina,
Zegocina, Muchowka and Iwkowa elevations.

Age and mechanism of trap formation. The
formation of traps was associated with three
episodes of tectonic activity. The formation of
traps in Devonian and Carboniferous rocks
was the result of folding in the Variscan orog-
eny with formation of their Triassic and Ju-
rassic overburden/sealing. Then, as a result of
Laramian folding, at the turn of the Creta-
ceous and Paleogene, traps were formed in the
Jurassic, later sealed with Paleogene and Mi-
ocene sediments. The formation of the re-
maining traps was related to the formation of
the Flysch Carpathians, which remodeled the
older traps.

Age and mechanism of generation, expul-
sion, migration and accumulation of hy-
drocarbons. The processes of hydrocarbon
generation in the Paleozoic began at the turn
of the Early and Late Cretaceous. The degree
of kerogen transformation reached 20%, the
source rocks in the zone of their deepest buri-
al entered the main phase of the oil window.
The petroleum processes was generally lim-



BLOCK 413-414

ited to the depth of the source rocks occur-
ring, not exceeding 2500 m. The uplift of the
Paleozoic—Mesozoic basement and erosion of
the Cretaceous rocks occurred in the Paleo-
gene and lasted until the beginning of the
Badenian. During this interval the petroleum
processes were slow. Then, when the for-
mation of the foreland depression of the Quter
Carpathians began, there was a slight increase
in the thermal maturity of the source rocks as
a result of the sedimentation of the Badenian
and Sarmatian deposits. The degree of kero-
gen transformation reached only slightly over
30% in the deepest horizons. After the over-
thrust of the Carpathians onto the autochtho-
nous Badenian and Sarmatian deposits, the
kerogen transformation processes clearly in-
tensified as a result of significant burial. The
diversity of the thermal regime led to the
source rocks reaching different phases of hy-
drocarbon generation. The highest degree of
kerogen transformation, exceeding 90% (wet
gas generation phase), was achieved by the
source rocks occurring in the south-eastern
part of the tender area, where their depth
reaches over 5,000 m. The burial and thermal
maturity curves, as well as the degree of
transformation of the Devonian and Carbonif-
erous source rocks in the tender area, are
shown on the example of 1D modelling for
the Rajbrot 2 well compared to the Grobla 28
well, located approximately 25 km north of
the tender area (Figs 3.1-3.4).

Modelling of petroleum processes in the
Paleozoic rocks proves that after the over-
thrust of the Carpathians, there was a rapid
intensification of hydrocarbon generation
processes. Therefore, the main phase of hy-
drocarbon generation was temporally related
to the overthrusting, which began around
8 million years ago. If we place the time of
the main phase of hydrocarbon generation in
the context of the structural evolution of this
region, it may indicate the possibility of mi-
gration of hydrocarbons from Paleozoic to-
wards higher levels and their accumulation
not only in Devonian and Carboniferous res-
ervoir rocks, but also in Mesozoic and Mio-
cene horizons, and even flysch sandstones.
The results of modelling of petroleum sys-
tems (Wrébel et al., 2016; Sowizdzat et al.,
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2015) indicate that the accumulation in the
Paleozoic Devonian and Carboniferous reser-
voir horizons ranges the order of millions of
tons, and the zone of the largest accumula-
tions overlaps with the area with the highest
TOC values and the highest genetic potential.
A characteristic feature is the possible occur-
rence of hydrocarbons in the vicinity of dislo-
cation zones, which were the main migration
paths (Figs 3.5-3.7).
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Fig. 3.4. A. Location of the Block 413-414 tender area on the geological map of the top surface of the Mesozoic strata
(Poprawa and Nemcok, 1989) with location of the cross-section. B. Location of the Block 413-414 tender area on the
geological map of the top surface of the Palaeozoic strata (Buta and Habryn, 2008) with location of the cross-section.
C-G. Maturity schedule along the cross-section (C) and amount of generated oil therein at present (D) and after the
Lower Carboniferous deposition (E) as well as amount of generated gas at present (F) and after the Lower Carbonifer-
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Miocene petroleum play

Source rocks. The petroleum play in the au-
tochthonous Miocene of the Carpathian Fore-
deep was developed in detail mainly for the
eastern part of the basin, where the Upper
Badenian and Sarmatian rocks were analysed
in terms of their generation potential. The
most important data covering the tender area
can be found in Kosakowski et al. (2020),
including the results from the Tymowa 1 and
Lapanow 2 wells. This study indicates that the
total organic carbon (TOC) content is about
0.5-0.7% wt., and locally up to 1% wt. The
kerogen in the Badenian and Lower Sarmati-
an interval is terrestrial type Il and locally
mixed type II-11l, which influenced the rela-
tively low hydrocarbon potential, confirmed
by the hydrogen index values, which are gen-

erally below 100 mg HC/g TOC (Kosakowski
et al., 2020).

The thermal maturity of the organic matter
(Rock-Eval, Tmax, vitrinite reflectance, and
biomarkers) indicates the early stages of the
oil window with an increasing tendency to-
wards the southwest, where the Badenian and
Lower Sarmatian interval occurs under the
Carpathian thrust (Kosakowski et al., 2020).
A summary of the organic geochemistry in-
vestigations performed for the Tymowa 1 and
Lapanow 2 wells can be found in Tab. 3.3.

The natural gas accumulations in the Fore-
deep are the result of microbial processes
(Kotarba, 2011; Kotarba et al., 2011). Local-
ly, an admixture of thermogenic gases gener-
ated from deeply buried rocks is also possible
(Kosakowski et al., 2020).

Depth TOC Tmax S2 HI
Well name | Samples Pl
[m MD] [%0] [C] mg HC/gRock mg HC/gTOC
0.13-0.65 | 423-428 0.33-1.13 173-253 0.13-0.35
Tymowa 1 4 2605-2614 (0.32) (425) (0.66) (222) (0.24)
. 0.47-0.68 | 425-430 0.60-0.85 93-131 0.14-0.38
Lapanow 2 10 1999-2003 (0.61) (428) (0.68) (112) (0.25)

Tab. 3.3. Autochthonous Miocene source rocks characteristics in the tender area and in its vicinity (Wegrzyn, 2017).

Average values are given in brackets.

Reservoir rocks: sandstones and sands of the
Upper Badenian and Lower Sarmatian. In the
Block 413-414 tender area, a separation of
allochthonous and autochthonous Miocene
has been made only in a few wells, therefore
the whole succession is characterized in terms
of reservoir properties (see Chapter 2). The
occurrences of natural gas fields in the neigh-
borhood of the tender area — Lapanow, Lakta
— proof good reservoir potential of Miocene
deposits. The Lakta field consists of 3 hori-
zons, each with a thickness of 13 to 37 m. The
porosity of sandstones in these horizons rang-
es from 9.9 to 12.5%, and the permeability
ranges from O to 40 mD (Jawor and Jawor,
1971, 1972). However, it will be a challenge
to recognize if the sandstone lithosomes con-
tinue in the tender area. The characteristics of
the Miocene rocks in terms of their reservoir
properties are presented in Tab. 3.4.

Well name Samples PO[';)S]'W PerTniaD?”'ty
Dobczyce 5 11 1.34-5.99 0.0
Iwkowa 1 2 0.82-2.08 -

Leszczyna 1 7 3.23-4.64 0
Leszczyna 2 6 3.15-7.62 0-44.8
Leszczyna 3 13 2.83-17.22 0
Leszczyna 4 12 2.53-10.74 0
Leszczyna 21 16 2.48-7.55 0-6.7
Leszczyna 22 34 0.88-8.51 0
Lipnica Gorna 1 15 2.63-11.39 0-84
Lakta 4 31 0-6.59 0-2.7
Lakta 9 12 2.59-6.25 -
Lakta 11 25 2.35-10.16 0-2.5
Lakta 13 5 2.7-7.16 0
Lakta 14 32 0.67-2.6 0-5.1
Lakta 25 13 1.35-11.22 0
Potom Duzy 2 24 3.6-16.27 0-40.7
Tymowa 1 17 4.13-11.78 <0.01
Wisniowa 1 5 4.10-10.57 0
Wisniowa 3 4 0.67-3.04 0
Wiéniowa 4 5 1.36-4.7 044
Wisniowa 6 7 0.36-10.56 0-68.8

Tab. 3.4. Petrophysical properties of the autochthonous
Miocene in the Block 413-414 tender area.
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Seal: numerous layers of claystone within the
autochthonous Miocene succession; Stebnik,
Sub-Silesian and Silesian Units above the top
erosional surface of the autochthonous Mio-
cene.

Overburden rocks: folded Miocene of the
Stebnik Unit under the Carpathian overthrust
and Sub-Silesian and Silesian Units.

Age and mechanism of trap formation.
Multi-horizontal stratigraphic traps, related to
the lateral pinch-out of reservoir layers, were
formed and filled during the deposition of
Miocene sediments. The stratigraphic traps
related to unconformities occurring at the base
and within the Miocene are synsedimentary in
nature. Compaction anticlines developed
above the basement were formed during the
Miocene deposition, but their final shape was
formed during the compaction and diagenesis
processes enhanced by the thrusting of the
Outer Carpathians. Traps related to uncon-
formities at the top of the Miocene, as well as
structural traps formed by folding, were creat-
ed during the overthrusting, especially in the
vicinity of the basement highs.

Shape and size of the traps. The most com-
mon are structural traps developed as compac-
tion anticlines above the elevations of the
Paleozoic and Mesozoic basement. The seal
for compaction anticlines is made of imper-
meable clastone layers, which even several
dozen centimetres thickness is sufficient to
effectively seal gas accumulation (Mysliwiec,
2004a). The compaction anticline is a trap for
the Lakta gas field. The second type of struc-
tural traps are folds associated with the over-
thrust of the Silesian, Sub-Silesian and Ste-
bnik Units. These types of gas accumulations
are isolated by the overthrust surface or im-
permeable flysch rocks and limited by
a gas/water contour. A common type of traps
in the Miocene are stratigraphic associated
with unconformities. These traps often wedge
out on the sub-Miocene unconformity surface
or slopes of the basement elevations (Mysli-
wiec, 2004b). They are difficult to recognize
using seismic survey and in most cases are
recognized only in wells.

50

The potential traps detected by seismic sur-
veys at the Miocene top surface in the Block
413-414 tender area are illustrated in Figs
3.11-3.12. The most important of them are
the Raciechowice A, B and C structures, as
well as Lakta north and Tymowa highs.

Age and mechanism of hydrocarbon gen-
eration and accumulation. Numerous stud-
ies indicate that natural gas in the autochtho-
nous Miocene of the Carpathian Foredeep
was generated by microbiological processes,
and only occasionally by low-temperature
thermogenic processes (Kotarba, 2011; Ko-
tarba et al., 2011; Mysliwiec, 2004a, 2004b;
Kotarba and Koltun, 2006; Kosakowski al.,
2020). Methane generation was mainly
achieved by reducing carbon dioxide in the
marine environment. Additionally, ethane was
also produced in an amount of one molecule
per 1,000 methane molecules (Kotarba,
2011). Some of the ethane, similarly to pro-
pane, butane and pentanes, was a product of
low-temperature thermal transformations of
organic matter. Rhythmic and cyclic sedimen-
tation of claystones and sandstones in the Mi-
ocene basin of the Carpathian Foredeep and
very similar sedimentation rates (1,500
m/million years in the Late Badenian and
5,000 m/million years in the Sarmatian) facili-
tated the intensive generation of microbial
methane and ethane, as well as the almost
simultaneous formation and filling multi-
horizon stratigraphic traps (Kotarba, 2011).
The greatest intensity of microbial methane
generation occurred at a depth of 900-1500 m
below the seabed, the presence of significant
amounts of methanogenic and methylotrophic
bacteria in reservoir waters may suggest that
the generation process continues to this day
(Kotarba, 2011; Kotarba et al., 2011). Taking
into account the great depth of the Miocene in
the tender area, it seems that it is also possible
to generate hydrocarbons through low-
temperature thermogenic processes. They
could have started after the Carpathian over-
thrusting and may continue to this day.
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Fig. 3.11. Structural map of the Flsp surface (base of the Carpathian overthrust = top of the autochthonous Miocene) in the western part of the Block 413-414 tender area (Jezierska and Keller-Utracka, 2002; in Polish).
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Fig. 3.12. Structural map of the Flsp surface (base of the Carpathian overthrust = top of the autochthonous Miocene) in the eastern part of the Block 413-414 tender area (Wilk et al., 2013; in Polish).
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Carpathian petroleum play

Source rocks (Silesian Unit). In the Silesian
Unit, source rocks occur in the Menilite, Iste-
bna and Lgota Beds.

The Menilite Beds (Oligocene) have the high-
est TOC and the best hydrocarbon potential in
the Silesian Unit although only two samples
from the surface outcrops were analysed (Ko-
tarba et al., 2017). Biomarker and aromatic
hydrocarbon indicates that the maturity corre-
sponds with the initial stage of low-tempera-
ture thermogenic processes (Kotarba et al.,
2017). Geochemical characteristics and hy-
drocarbon potential of the Menilite Beds are
as follows (Kotarba et al., 2017):

TOC =2.0-7.2%

Tmax = 428-436°C

S2 =2.5-7.8 mg HC/g

Pl =0.02-0.03
HI =109-126 mg HC/g TOC
Kerogen type: 111,

Maturity: low or immature.
The Istebna Beds (Upper Cretaceous to
Paleocene) contain source rocks of poor po-
tential for hydrocarbon generation, with the
following geochemical characteristics and
hydrocarbon potential (Kotarba et al., 2017):

TOC =0.19-1.97% (avg. 1.05%)

Tmax = 431-435°C (avg. 433°C)

S2 =0.38-0.89 mg HC/gRock

(av. 0.84 mg HC/gRock)

P1=0.01-0.06

HI =16-51 mg HC/g TOC

(avg. 32 mg HC/g TOC)

Kerogen type: 111, locally I11/11.

Maturity: low.
The Lgota Beds (Upper Cretaceous—
Paleocene) have also poor hydrocarbon poten-
tial. Geochemical characteristics are as fol-
lows (Kotarba et al., 2017):

TOC =0.01-1.22% (av. 0.15%)

Tmax = 427-433°C (av. 429°C)

S2=0.14-1.04 mg HC/g

(av. 0.47 mg HC/qg)

P1=0.02-0.16

HI = 37-239 mg HC/g TOC

(av. 65 mg HC/g TOC)

Kerogen type: 111/11 and 11/111.

Maturity: low or immature.
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Source rocks (Sub-Silesian Unit). Upper
Cieszyn Beds and Grodziszcze Beds.

The Cieszyn Beds (Lower Cretaceous) con-
tain source rocks of poor to moderate poten-
tial for hydrocarbon generation, with the fol-
lowing geochemical characteristics (Kotarba
etal., 2017):

TOC =0.79-1.63% (av. 1.07%)

Tmax = 425-438°C (av. 437°C)

S2 =0.5-2.23 mg HC/gRock

(av. 1.6 mg HC/gRock)

P1=0.06-0.11

HI =57-230 mg HC/g TOC

(av. 140 mg HC/g TOC)

Kerogen type: 111, locally I1I/11.

Maturity: low to immature.
The Grodziszcze Beds (Lower Cretaceous)
have poor to moderate hydrocarbon potential.
Geochemical characteristics and hydrocarbon
potential as follows (Kotarba et al., 2017):

TOC =0.19-1.38% (av. 0.94%)

Tmax = 424-438°C (av. 437°C)

S2=0.16-2.37 mg HC/g

(av. 1.43 mg HC/g)

P1=0.04-0.06

HI = 59231 mg HC/g TOC

(av. 151 mg HC/g TOC)

Kerogen type: IlI.

Maturity: low to immature.

Reservoir rocks (Magura Unit): Due to the
surface exposition and generally very poor
reservoir properties, the Magura Unit only
serves as a sealing horizon for the deeper
flysch formations of the Silesian and Sub-
Silesian Units. Possible accumulation of hy-
drocarbons in the Magura Unit could be con-
sidered in the Inoceramian and Ropianka
Beds. In the tender area, the reservoir proper-
ties of the Magura Unit were carried out only
in the Jaworzna 1 well (Tab. 3.5).

Permea-

Well name |  Stratigraphy Sam- P0|;05|ty bility
ples [%] [mD]
Jaworzna 1 Sub-Magura Beds 13 0.27-9.37 0
Variegated Shales 1 3.22 0

Tab. 3.5. Petrophysical characteristics of the Magura
Unit in the Block 413-414 tender area.
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Reservoir rocks (Silesian Unit). Reservoir
rocks occurring in the Silesian Unit are the most
promising among the others Carpathians tecton-
ic units. Accumulations are expected in the
Krosno Beds and sandstones of the Menilite
Beds, as evidenced by the Skrzydina field (cur-
rently depleted) discovered to the south of the
tender area. In this field, crude oil was exploited
from several horizons of the Krosno and Meni-
lite Beds, located at depths from 370 to 1260 m
below sea level. Production was from 0.2 to 1.4
t/day. However, the best reservoir properties in
the Silesian Unit seem to be occurred in the
sandstones of the Istebna Beds. Tab. 3.6 pre-
sents the petrophysical characteristics of the
most important reservoir horizons in the Silesi-
an Unit, based on data from wells drilled within
the tender area.

. Sam- | Porosity per-
Well name Stratigraphy ples %] meabili-
ty [mD]
Wolica 1 Krosno Beds 9 0.74-5.99 0-1.2
Czchow 1 11 2.15-15.19 0
Leszczyna 1 5 3.73-11.94 | 0-26.8
Leszczyna 2 4 8.53-12.75 | 0-4.6
Leszczyna 4 10 1.35-1851 | 0-5.9
Lipnica Gérna 1 3 5.2-11.19 | 0-76.6
Lakta 4 Istebna Beds 7557 75 [
Muchowka 1 1 10.92 0
Potom Duzy 2 1 0.78 -
Wisniowa 6 1 0.69 0
Wolica 1 3 1.51-10.32 0-2
Jaworzna 1 Istebna and 1 - -
Godula Beds
Czchow 1 1 6.69 0
Muchowka 1 | CCulaBeds = 6.16 0
Lgota,
Czchow1 | veroviceand |, | 506449 | 0
Grodziszcze
Beds
Leszczyna 1 Verovice Beds 1 4.32 0
lwkowa 1 2 6.42-6.57 -
Jaworzna 1 35 0.23-5.69 0
Lipnica Gérna 1 Lower 2 0.08-5.02 -
Muchowka 1 Cretaceous 4 0.22-6.11 0
Potom Duzy 2 3 0.15-0.59 0
Wisniowa 6 2 0.48-0.61 0

Tab. 3.6. Petrophysical characteristics of the Silesian
Unit in the Block 413-414 tender area.

Reservoir rocks (Sub-Silesian Unit). Hydro-
carbon shows in the Sub-Silesian Unit were
observed in the Wisniowa 3 well at a depth of
2115.0-2205.0 m in the Upper Cretaceous and
Paleogene deposits (Tab. 3.7).
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Well name Samples Po[zzsalty Pi;r?reﬁg]'"'
Leszczyna 3 1 6.07 -
Lakta 24 2 1.06-1.44 0
Wisniowa 3 5 3.5-7.15 0
Wisniowa 6 2 0.57-3.3 —

Tab. 3.7. Petrophysical characteristics of the Sub-
Silesian Unit in the Block 413-414 tender area.

Seal: impermeable fine-clastic flysch depos-
its: Inoceramian Beds, Hieroglyphic Beds,
Variegated Shales, Menilite Beds, Krosno
Beds in all tectonic units. The sealing in
flysch is very variable and relatively weak,
which is largely related to the tectonic style of
deformations and contact of reservoirs with
the surface. The sealing is better in deeply
buried intervals.

Type of traps: hydrocarbon accumulations in
the Outer Carpathians most often occur in
multilayered structural or structural-strati-
graphic traps with complex geometry (Wdo-
wiarz, 1960; Poprawa and Machowski, 2010).
Lithological traps are associated with lateral
wedging out of reservoir horizons (e.g.
Cigzkowice Sandstones, Istebna Sandstones).
Structural traps are often steep, imbricated
folds that are thrusted over each other
(Karnkowski, 1993).

Age and mechanism of hydrocarbon gen-
eration, migration and accumulation. Due
to the occurrence of source rocks in several
different levels in the Silesian and Sub-
Silesian Units, as well as different degree of
their burial, it is difficult to determine one
universal scenario for generating hydrocar-
bons in the Carpathian petroleum play. The
most likely process is the synorogenic genera-
tion and expulsion of hydrocarbons before the
end of thrusting movements and several remi-
gration of hydrocarbons continuing to the
present time. Hydrocarbons were generated
already in the sedimentary stage during the
existence of the Carpathian basins, but the
most important generation impulse occurred
in the Early Miocene in synorogenic condi-
tions. As a result, before the final folding took
place, hydrocarbons remigrated several times
within the Carpathian units, and modern oil
spills indicate that these processes are still
continuing. Mackowski and Ku$mierek
(1995) defined the start time of hydrocarbon
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generation in the Carpathian units as: 41—
14 My for the Upper Cretaceous-Paleocene
deposits, 9-14.6 My for the Lower Oligocene
deposits, and 52-13.7 My for the Lower Cre-
taceous  deposits.  Generational — model
(Poprawa and Machowski, 2010) indicates
that the Upper Cretaceous reached the highest
degree of maturity and thermal transformation
(2.5% Ro and 90% on the TR scale) at a depth
below 6000 m, the mass of generated hydro-
carbons does not exceed 2 Mt/km? with low
hydrogen index values (100 mg HC/g TOC),
the efficiency of hydrocarbon expulsion has
a coefficient >0.6 at depths below 5000 m.
The Lower Cretaceous reached the highest
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degree of maturity (>2% Ro) and thermal
transformation (>90 %) at depths >6000 m,
the mass of generated hydrocarbons exceeds
6 Mt/km? with a hydrogen index value HlI
>200 mg HC/g TOC, the hydrocarbon expul-
sion efficiency coefficient is the highest
(above 0.8) below 6000 m. Studies of the mo-
lecular and isotopic composition of gas in the
Carpathian units in the vicinity of the tender
area indicate the presence of gases of both
bacterial and thermogenic origin (Kotarba et
al., 2021) related to type II/1l kerogen and
/111 of thermal maturity from the entire
range of the oil window.
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4. HYDROCARBON FIELDS

Three hydrocarbon fields have been docu- e I.gkta natural gas field

mented in the close neighborhood of the (GZ 4597; Figs 4.4-4.7, Tab. 4.2);
Block 413-414 tender area (Fig. 4.1). These
are:
e Lapandw natural gas field
(GZ 12078; Figs 4.2-4.3, Tab. 4.1);

e Stopnice natural gas field
(GZ 4596; Figs 4.8-4.10, Tab. 4.3).

- Fig. 4.1. Hydrocarbon fields in the neighborhood of the Block 413-414 tender area.
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Lapanow natural gas field

The total field acreage: 245.0 ha
Depth: from 1,791.5t0 1,930.0 m
Stratigraphy: Lower Jurassic
Resources:
The primary exploitable anticipated eco-
nomic resources (as of 2010):
325.00 MCM of natural gas in cat. C
The exploitable anticipated economic re-

270.61 MCM of natural gas in cat. C
The economic resources in place
as of 31 XII 2022:
270.59 MCM of the natural gas economic
resources in place in cat. C
81.02 MCM of the natural gas sub-
economic resources in place in cat. C
The production in 2022:

sources as of 31 XI11 2022: 0.12 MCM of natural gas in cat. C

przekroj geologiczny
geological cross-section
obszar gorniczy

mining area

zloze gazu ziemnego
natural gas field

otwor wiertniczy

well

il

LAPANOW 3
°

LAPANOW 1

LAPANOW 2/2K

LESZCZYNA 1
0 0,5 1km
L 1 | 1 |
tapanéw 4 tapanow 1
229,67 mn.p.m. 228,28 m n.p.m.
W 229.67 ma.s.l. 228.28 ma.s.l. E
-1400
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| ]

————

=
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-2000
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Triassic 2250 m
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-2200 karbon dolny jura gérna
[m. n.p.m.] Lower Carboniferous Upper Jurassic
[m. a.s.l] .

(gtebokos¢ koncowa)
3000 M (g depth)

Fig. 4.2. A. Location of the wells drilled in the Lapanow natural gas field and its neighborhood (CGDB, 2023). B. Geo-
logical cross-section through Lapandw natural gas field (Polakowski, 2011).
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Parameter Mi/n;m :m M?/);T:m A\‘/’:{Sge Unit Comments
primary reservoir pressure 18.280 MPa
depth of underlying water m lack of
effective reservoir thickness 11.300 m
porosity 11.200 %
permeability 21.720 46910 | --------- mD
reservoir temperature 57.330 °C
chemical type of reservoir water - Cl-Ca brine_ (met_amorphosed
relict brine)
production conditions - expansive
hydrocarbons saturation factor 0.740 -
production factor 0.800 -
absolute efficiency Vs 100.000 233.700 | ------—--- Nm*/min
permitted efficiency Vaomw 15.000 33.000 | ------e-- Nm*/min
oil exponent 1.000 24430 | - g/Nm®
water exponent g/m® not stated
sand encroachment % not stated
quality parameters of natural gas (main raw material)
Parameter Mi/nailrS :m M?/);T:m A\‘;g{jge Unit Comments
combustion heat 38.480 40.650 39.950 MJ/Nm®
calorific value 34.630 36.210 | 35.920 MJ/m®
C,Hs content 0.988 1.054 1.030 % viv
CHj, content 89.496 95.445 93.040 % viv
carbon dioxide content 0.001 0.211 0.090 % viv | minimum value of < 0,001% v/v
H, content 0.000 1.358 0.139 % viv
He content 0.002 0.022 0.015 % viv
N, content 2.506 6.686 4.217 % viv
hydrogen sulfide content % viv lack of
heavy hydrocarbons Cs, content | 23.840 53.680 39.700 g/m®

Tab. 4.1. Parameters of Lapanow natural gas field and quality parameters of the raw material (MIDAS, 2022).
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Lgkta natural gas field

The total field acreage:
Mesozoic (Cenomanian) — 216.3 ha
Mesozoic (Upper Jurassic) — 219.1 ha
Miocene horizon | —35.0 ha
Miocene horizon Il (Lakta 10) — 21.0 ha
Miocene horizon Il (Lakta 5) — 30.5 ha
Miocene horizon 111 —66.5 ha
Depth: (average)
Mesozoic (Cenomanian) — 2,290.0 m
Mesozoic (Upper Jurassic) — 2,290.0 m
Miocene horizon I - 1,900.0 m
Miocene horizon Il (Lakta 10) —2,030.0 m
Miocene horizon Il (Lakta 5) —2,220.0 m
Miocene horizon 11l —2,260.0 m
Stratigraphy: Upper Jurassic, Upper Creta-
ceous/Cenomanian, Neogene/Miocene
Resources:
The primary exploitable anticipated eco-
nomic resources (as of 1990):
lack of documented primary resources
The exploitable anticipated economic re-
sources as of 31 XII 2022:
70.45 MCM of natural gas in cat. A and
B (Miocene horizon)
13.60 MCM of natural gas in cat. C
(Miocene horizon)
108.04 MCM of natural gas in cat. A
(Cenomanian and Upper Jurassic)

60

4.58 kt of condensate in cat. A

The economic resources in place
as of 31 XII 2022:
21.44 MCM of the natural gas economic
resources in place and 60.78 MCM of the
natural gas sub-economic resources in
place in cat. A and B (Miocene horizon)
10.43 MCM of the natural gas economic
resources in place and 27.64 Mm?® of the
natural gas sub-economic resources in
place in cat. C (Miocene horizon)
551.62 MCM of the natural gas sub-
economic resources in place in cat. A
(Cenomanian and Upper Jurassic),
lack of condensate economic and sub-
economic resources in place

The production in 2022:
1.85 MCM of natural gas in cat. A and B
(Miocene horizon)
0.51 MCM of natural gas in cat. C
(Miocene horizon)
natural gas from the Mesozoic horizon
(Cenomanian and Upper Jurassic) was
not a subject of exploitation
condensate was not a subject of exploita-
tion
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Fig. 4.4. A. Location of the wells drilled in the £.gkta natural gas field and its neighborhood (CGDB, 2023). B. Geolog-
ical cross-section through ¥.gkta natural gas field (Dusza and Dudek, 1991).
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Parameter L) LRI AR Unit Comments
value value value
Miocene field (horizon Il,
current pressure 11.870 MPa Eakta 10 well)
Miocene field (horizon II,
current pressure 12.850 MPa Eakta 5 well)
current pressure 20.910 MPa Mesozoic field (Cenomanian)
current pressure 4.600 MPa Miocene field (horizon I11)
current pressure 20.910 MPa Mesozoic field (Upper Jurassic)
current pressure 6.850 MPa Miocene field (horizon I)
bottom pressure Py 14.620 MPa Miocene field (horizon I)
bottom pressure Py 19.700 MPa Miocene field (horizon I11)
bottom pressure Py 22.320 23580 | --------- MPa Mesozoic field (Cenomanian)
Miocene field (horizon II,
bottom pressure Py 15.770 MPa Eakta 5 well)
Miocene field (horizon II,
bottom pressure Py 16.660 MPa Eakta 10 well)
wellhead pressure Py 16.380 MPa Miocene field (horizon I11)
wellhead pressure Py 18.390 19.220 | --------- MPa Mesozoic field (Cenomanian)
Miocene field (horizon I,
wellhead pressure Py 13,230 MPa Eakta 5 well)
Miocene field (horizon II,
wellhead pressure Py 14.120 MPa Eakta 10 well)

wellhead pressure Py 12,360 MPa Miocene field (horizon 1)
primary reservoir pressure 14.620 MPa Miocene field (horizon 1)

. . Miocene field (horizon II,
primary reservoir pressure 16.660 MPa Eakta 10 well)
primary reservoir pressure 23.580 MPa Mesozoic field (Upper Jurassic)
primary reservoir pressure 19.700 MPa Miocene field (horizon I11)

. . Miocene field (horizon II,
primary reservoir pressure 15.770 MPa Eakta 5 well)
primary reservoir pressure 23.580 MPa Mesozoic field (Cenomanian)

effective reservoir thickness 0.000 72.400 31.100 m Mesozoic field (Upper Jurassic)

effective reservoir thickness 1.000 20.000 11.800 m Mesozoic field (Cenomanian)
. A Miocene field (horizon Il,

effective reservoir thickness 10.500 m Eakta 10 well)

effective reservoir thickness 13.630 m Miocene field (horizon I)

effective reservoir thickness 13.650 m Miocene field (horizon 111)

effective reservoir thickness 13.760 m Miocene field (horizon II,

Lakta 5 well)

N Miocene field (horizon II,
reservoir thickness 25.000 m Eakta 10 well)
reservoir thickness 36.700 m Miocene field (horizon I11)
reservoir thickness 0.000 84.400 48.100 m Mesozoic field (Upper Jurassic)
reservoir thickness 1.000 20.000 11.800 m Mesozoic field (Cenomanian)
reservoir thickness 29.000 m Miocene field (horizon I)

S Miocene field (horizon Il,
reservoir thickness 32.000 m Fakta 5 well)
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. . Miocene field (horizon Il
0 1
effective porosity 9.900 % Eakta 10 well)
effective porosity 11.530 % Miocene field (horizon I)
effective porosity 4.870 % Mesozoic field (Upper Jurassic)
effective porosity 11.230 % Miocene field (horizon I11)
effective porosity 13.280 % Mesozoic field (Cenomanian)
. . Miocene field (horizon Il
0, y
effective porosity 12.500 % Fakta 5 well)
permeability 0.000 40.000 | --------- mD Miocene field (horizon I11)

- Miocene field (horizon II,
permeability 0.000 40.000 | --------- mD Eakta 5 well)

- Miocene field (horizon Il,
permeability 0.000 40.000 | --------- mD Eakta 10 well)
permeability 364.900 mD Mesozoic field (Cenomanian)
permeability 0.000 40.000 | --------- mD Miocene field (horizon I)
permeability 48.900 mD Mesozoic field (Upper Jurassic)

. o Miocene field (horizon Il,
reservoir temperature 336.300 K Eakta 5 well)
reservoir temperature 337.700 °K Miocene field (horizon I1)
reservoir temperature 325.900 °K Miocene field (horizon 1)
reservoir temperature 338.700 °K Mesozoic field (Upper Jurassic)

. o Miocene field (horizon Il,
reservoir temperature 330.000 K Eakta 10 well)
reservoir temperature 338.700 °K Mesozoic field (Cenomanian)

calorific value 6,836.500 | Kcal/Nm®
roduction conditions 3 Miocene field (horizon II,
P Lakta 5 well), expansive
roduction conditions 3 Miocene field (horizon I,
P Lakta 10 well), expansive
production conditions - Miacene field (_horlzon .
expansive
production conditions B Miocene field (horlzon 1),
expansive

. . Mesozoic field (Cenomanian),
production conditions — X . .

spring-waterdrive mechanism

. Miocene field (horizon I,
hydrocarbons saturation factor 0.800 - Eakta 5 well)
hydrocarbons saturation factor 0.900 - Mesozoic field (Upper Jurassic)
hydrocarbons saturation factor 0.800 - Miocene field (horizon I)

. Miocene field (horizon II,
hydrocarbons saturation factor 0.800 - Eakta 10 well)
hydrocarbons saturation factor 0.900 - Mesozoic field (Cenomanian)
hydrocarbons saturation factor 0.800 - Miocene field (horizon I11)

. Miocene field (horizon Il,
production factor 0.750 - Fakta 5 well)
production factor 0.650 - Mesozoic field (Upper Jurassic)

. Miocene field (horizon II,
production factor 0.750 - Eakta 10 well)
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production factor 0.750 - Miocene field (horizon I11)
production factor 0.800 - Mesozoic field (Cenomanian)
production factor 0.750 - Miocene field (horizon I)

. 3, Miocene field (horizon II,
absolute efficiency Vs 4.250 m>/min Lakta 10 well)

- 3 Miocene field (horizon Il,
absolute efficiency Vs 9.200 m>/min Fakta 5 well)
absolute efficiency Vs 20.000 30.000 | --------- m®/min Miocene field (horizon I11)
absolute efficiency Vs 116.000 | 3,239.000 | --------- m®/min Mesozoic field (Cenomanian)
absolute efficiency Vs 99.500 m®/min Miocene field (horizon I)

permitted efficiency Vgoow 14.000 m®/min Miocene field (horizon I)

. - 3, - Miocene field (horizon Il,
permitted efficiency Vgouw 2.000 m>/min Eakta 10 well)

. - 3, Miocene field (horizon II,
permitted efficiency Vyoow 6.000 m>/min Eakta 5 well)
permitted efficiency Vgoow 2.000 15.000 | ----—---- m®/min Miocene field (horizon I11)
permitted efficiency Vgoow 50.000 260.000 | --------- m®/min Mesozoic field (Cenomanian)

quality parameters of natural gas (main raw material)
Parameter ATl I | DRI | (ASTEER Unit Comments
value value value
density 0.634 3 Mesozo_lc field (Cenqmanlan),
in regard to air
density 0577 3 Mlocene field (horlz_on 1),
in regard to air
. Miocene field (horizon I,
density 0.571 - Lakta 5 well), in regard to air
. Miocene field (horizon II,
density 0.569 B Lakta 10 well), in regard to air
density 0.569 3 Mlocr-_zne field (horl_zon N,
in regard to air
calorific value 9,040.000 kcal/m? Mesozoic field (Cenomanian)
. 3 Miocene field (horizon II,
calorific value 8,572.000 kcal/m Eakta 10 well)
calorific value 8,558.000 kcal/m?® Miocene field (horizon I11)
- 3 Miocene field (horizon I,
calorific value 8,506.000 kcal/m Eakta 5 well)
calorific value 8,572.000 kcal/m?® Miocene field (horizon I)
CoHg 3.210 % viv Mesozoic field (Cenomanian)
CyHs 0.645 % viv Miocene field (horizon 111)
Miocene field (horizon 11
0 )
C,Hg 0.672 % viv Eakta 5 well)
Miocene field (horizon Il
0, ’
CzHe 0.459 % VIV La}kta 10 We”)
CyHg 0.459 % viv Miocene field (horizon I)
CH, 89.710 % viv Mesozoic field (Cenomanian)
Miocene field (horizon Il
0 i
CH,4 97.120 % VIV Eakta 5 well)
CH, 96.510 % viv Miocene field (horizon I11)
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CH, 99.061 % viv Miocene field (horizon I)
Miocene field (horizon Il
0, ’
CH,4 98.061 % ViV Eakta 10 well)
heavy hydrocarbons Cs, content 82.000 g/m® Mesozoic field (Cenomanian)
heavy hydrocarbons Cs, content 17.950 g/m® Miocene field (horizon I11)
3 Miocene field (horizon Il,
heavy hydrocarbons Cs. content 9.640 g/m Fakta 5 well)
heavy hydrocarbons Cs. content 9.300 g/m? Miocene field (horizon I)
heavy hydrocarbons Cs, content 9.300 g/m® Miocene field (horizon II,

Lakta 10 well)

quality param

eters of natural gas (main raw material)

Minimum

Maximum | Average

Parameter Unit Comments
value value
average specific gravity in tem-
specific gravity 0.752 glem® perature of 20°C;
Mesozoic field (Cenomanian)
. . in temperature of 20°C;

viscosity 1.237 oSt Mesozoic field (Cenomanian)

. . 0 up to 180°C;
oil fraction content 89.000 % VIV Mesozoic field (Cenomanian)

oil fraction content 99.800 % viv up to 300°C;

Mesozoic field (Cenomanian)

Tab. 4.2. Parameters of Lakta natural gas field and quality parameters of the raw material (MIDAS, 2022).
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Fig. 4.5. Graph of natural gas production from the Miocene horizons of Lakta field (MIDAS, 2022).
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Fig. 4.6. Graph of natural gas production from the Mesozoic horizons of Lakta field (MIDAS, 2022).
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Fig. 4.7. Graph of condensate production from Lakta field (MIDAS, 2022).



BLOCK 413-414

Stopnice natural gas field

The total field acreage: 235.0 ha

Depth: from -1,518.0 m do -2,640.0 m a.s.l.

Stratigraphy: Eocene and Oligocene
(Krosno, Grybow and Menilite-Krosno
BEDS)

Resources:

The primary exploitable anticipated eco-
nomic resources (as of 2012):
42.02 MCM of natural gas in cat. A and
80.00 MCM of natural gas in cat. C
0.5 kt of condensate in cat. A and 1.5 kt
of condensate in cat. C

67

The exploitable anticipated economic re-
sources as of 31 XI1 2022:
80.00 MCM of natural gas in cat. C
1.5 kt of condensate in cat. C

The economic resources in place
as of 31 XII 2022:
lack of natural gas economic and sub-
economic resources in place
lack of condensate economic and sub-
economic resources in place

The production in 2022:
lack of production, exploitation of field
ended on September 30, 2012



BLOCK 413-414

SLOPNICE 14
stopnice20 ) ©
o
SLOPNICE L-6
SLOPNICE 8
o
> SLOPNICE 6
SLOPNICE 4 SLOPNICE 23
° SLOPNICE 28
SLOPNICE #7 SEOPNICE 20 o
SLOPNICE 17 °
® SEOBNICES SLOPNICE 7
SL(?PNICE 2 SLOPNICE 3 o
Q
SLOPNICE 9 SLOPNICE 24 °
® @ SLOBNICE 10 SLOPNICE 11
SLOPNICE 12
SLOPNICE 30
o
a SLOPNICE 10
e
bt
SLOPNICE 18 i
LESNIOWKA 2 LESNIOWKA 1
©
" SLOPNICE 1
przekré_j geologiczny )
LESNIOWKA 3 geological cross-section
I:l ztoze gazu ziemnego
natural gas field
0 1 2km ) otwor wiertniczy
L 1 | 1 | well
Lesniowka 3 i P F Stopnice 27 2 1
S 529,8 m fLp.m Stopnice 1 | egnidwka 2 Stopnice 3,77 gm n.p.m. Stopnice 6 Stopnice 20 N
540 G R el 5282 m n.p.m. 528 7 m n.p.m. 4651 mn.p.m. 7725 o) 4408 mnp.m. 4349 mn.p.m.
’ S 5282ma.s.l. 5287 ma.s.l. 465,1m a.s.. 440,8 m a.s.. 434,9m a.s.l.
4 = w. podmag., ... ; R_~
500 ? o Sub-Magural. ., warstwy kie, hi . margle, piask cigzkowickie, upki pstre ! ;
&8 Stub-Magur ume Hieroglyphic Beds, marls, Cigzkowice Sandstones, w. podmagurskie, ...
0 ] Variegated Shales Sub-Magura Layers, ...
< =
= 3
< 8o . I
2 § warstwy inoceramowe
5004 5~ Inoceramian Beds
(7]
2 w. gryb. i p. cerg.
R ’/ (il1v'/vu\|' B. u_ml
-1000 m : warstwy krosniciskic e Comoves 58S
b Krosno Beds i £%
W n—\\\\:‘ menilitowe i krognienskic S [ % L
wars b 5 o 2
-1500 Nenilite and Krosno| Beds it o “W“\‘\ 5
warstwy \|\xvccrx||\\o\}'c [ A M
vamian Beds  —2420m | | e i plaskow , AT
-2000 o /'l-/—ff—TTT ] warstwy e owa Sandsione et
g W Grvbow d\\\‘ K oo B
&= : = ;. . m 1 3
25 g, cocen $rodkowy 2850 m \[: pilite 9 ‘ %
25004 £ o Uy, Middle Eocene S
o2 0% 8
2 = 1a1S 2 il %, < 7 =
é 5 W dlr;;:\ry i Rgzal\\ ki 4{/0\;4'6/_ acocen Pt"cuum g
'3000_ 5 ?) dzawka beds 2, d \ B {2
2 = 25 \: “\.\\‘:‘1\” eds 3 warstwy z Rdzawki B
= S <5 i etaced” Rdzawka Beds ;S
35001 88 §1 _——oce Paleocen | S
50 £ /p-//
2 =2
-4000 o e
warstwy ropianieckie 4508 m Warstyy ro'pmnuc.kn.
Ropianka Bed. -\- Ropianka Beds
opianka beds
-4500
5006 m
-5000-
[mn.p.m.]
[ma.s.l]

Fig. 4.8. A. Location of the wells drilled in the Stopnice natural gas field and its neighborhood (CGDB, 2023). B. Geo-
logical cross-section through Stopnice natural gas field (Przybyta, 2013).
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Parameter Mi/nailnl] :m M%)glﬁ]:m A\\//aelrjge Unit Comments
current pressure 12.170 MPa Lesniowka 3 well, 2003
current pressure 4.060 MPa Stopnice 2 well, 1990
current pressure 6.570 MPa Stopnice 10 well, 1996
current pressure 3.910 MPa Stopnice 3 well, 1999
current pressure 6.640 MPa Stopnice 19 well, 2008
current pressure 1.730 MPa Stopnice 24 well, 1999
primary reservoir pressure 19.240 MPa Stopnice 10 well
primary reservoir pressure 17.390 MPa Stopnice 2 well
primary reservoir pressure 34.030 MPa Stopnice 19 well
primary reservoir pressure 13.460 MPa Stopnice 24 well
primary reservoir pressure 23.780 MPa Stopnice 3 well
primary reservoir pressure 17.860 MPa Lesniowka 3 well
depth of underlying water m not stated
effective reservoir thickness 2.000 6.000 | --------- m
porosity 1.060 3.630 | - %
permeability 0.000 2700 | ----me-- mD
minerali;;':\ittiic())r:1 c\jl\elzgtr:r? of for- 6.000 gl
reservoir temperature 47.850 °C Stopnice 2 well
reservoir temperature 74.850 °C Stopnice 10 well
reservoir temperature 40.850 °C Stopnice 3 well
reservoir temperature 66.850 °C Stopnice 19 well
reservoir temperature 51.850 °C Lesniowka 3 well
chemical type of formation 3 Cl-Na
water
production conditions expansive
production factor 0.800 -
absolute efficiency Vs 10.400 Nm*/min
absolute efficiency Vaps 4.700 37.000 14.000 m®/min primary
permitted efficiency Vyozw 2.100 12.000 6.000 m*/min primary
oil/condensate exponent 3.580 g/m? Lesniowka 3 well
oil/condensate exponent 15.250 g/m? Stopnice 19 well
oil/condensate exponent 0.000 g/m® Stopnice 24 well
oil/condensate exponent 10.870 g/m® Stopnice 2 well
oil/condensate exponent 18.560 g/m? Stopnice 3 well
oil/condensate exponent 3.750 g/m? Stopnice 10 well
water exponent 0.000 50.800 33.250 g/m® in the last year of exploitation
quality parameters of natural gas (main raw material)
Parameter AT | W EPa) | AR Unit Comments
value value value
calorific value 26.680 44.220 39.080 MJ/m?
C,Hs 0.190 14.350 5.550 % viv
CH,4 63.860 98.960 88.330 % viv
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CO, 0.000 3.900 0.560 % viv
He 0.000 0.020 0.004 % viv
N, 0.350 30.550 2.170 % viv
H,S % viv does not occur
heavy hydrocarbons Cs, content| 2.200 169.470 | 81.720 g/m®

quality parameters of oil/condensate (accompanying raw material)

Minimum | Maximum | Average

Parameter value value value Unit Comments
density 0.719 0.760 | --------- glem®
naphtha fraction content 58.000 83.000 | --------- % viv
oil fraction content 14.000 28.000 | --------- % viv

Tab. 4.3. Parameters of Stopnice natural gas field and quality parameters of the raw materials (MIDAS, 2022).
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Fig. 4.9. Graph of natural gas production (main raw material) from Stopnice field (MIDAS, 2022).
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Fig. 4.10. Graph of condensate production (accompanying raw material) from Stopnice field (MIDAS, 2022).
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5. WELLS

BLOCK 413-414

The following deep wells (>500 m MD)
reached the prospective intervals in the Block
413-414 tender area:

HC concessions Depth Stratigraphy at the
Well name Year (after 1994) Owner [rg] %otgon%
CZCHOW 1 1974 State Treasury 3216.0 Jurasic
DOBCZYCE 5 1972 State Treasury 1912.0 Autochthonous Miocene
IWKOWA 1 1974 State Treasury 3228.0 Carboniferous-Devonian
JAWORZNA 1 1973 State Treasury 3214.1 Silesian Unit
KAMIONNA 1 1974 State Treasury 2566.9 Silesian Unit
LESZCZYNA'1 1972 State Treasury 2410.0 Permian-Triassic
LESZCZYNA 2 1973 State Treasury 2305.0 Jurasic
LESZCZYNA 3 1973 State Treasury 2550.0 Jurasic
LESZCZYNA 4 1973 State Treasury 2850.0 Permian-Triassic
LESZCZYNA 21 1974 State Treasury 2564.6 Jurasic
LESZCZYNA 22 1972 State Treasury 2600.0 Jurasic
LIPNICA GORNA 1 1972 State Treasury 2710.0 Jurasic
. 25/2001/ Jurasic
LAPANOW 22K | 2007 Myélemce_l_imanofva_ Cochiu State Treasury | 2050.0
LAKTA 4 1973 State Treasury 2438.8 Jurasic
LAKTA 9 1978 State Treasury 2382.0 Jurasic
LAKTA 11 1974 State Treasury 2588.0 Autochthonous Miocene
LAKTA 13 1979 State Treasury 2461.0 Jurasic
LAKTA 14 1978 State Treasury 2473.0 Autochthonous Miocene
LAKTA 22 1973 State Treasury 2511.0 Jurasic
LAKTA 24 1974 State Treasury 3150.0 Jurasic
LAKTA 25 1976 State Treasury 2423.0 Jurasic
LAKTA 30K 1995 13/92/p PGNIG S.A. 2746.4 Jurasic
MUCHOWKA 1 1972 State Treasury 2620.0 Jurasic
MUCHOWKA 2 1991 PGNIG S.A. 2804.0 Jurasic
POLOM DUZY 2 1973 State Treasury 2630.0 Jurasic
RACIECHOWICE 1 | 1996 3/96/p PGNIG S.A. 2424.0 Precambrian
RAJBROT 1 1992 13/92/p PGNIG S.A. 4948.0 Cambrian
RAJBROT 2 1993 13/92/p PGNIG S.A. 4185.0 Cambrian
TARNAWA 1 1996 13/92/p PGNIG S.A. 5510.0 Cambrian
TYMOWA 1 2011 S 25-/ 2001/p ) State Treasury 3740.0 Lower Carboniferous
Myslenice-Limanowa-Czchéw
WISNIOWA IG-1 1964 State Treasury 2931.2 Precambrian
WISNIOWA 3 1982 State Treasury 2613.0 Precambrian
WISNIOWA 4 1973 State Treasury 2602.0 Permian-Triassic
WISNIOWA 6 1973 State Treasury 2456.0 Precambrian
WOLICA 1 1977 State Treasury 3177.5 Permian-Triassic
ZEGOCINA 1 1994 13/92/p PGNIG S.A. 3509.0 Carboniferous

Location of the above-mentioned wells is pre-
sented in Fig. 5.1. Their general characteris-
tics are shortly summarized in Tab. 5.1. The
original data from the wells, which belong to
the State Treasury, are collected in the DATA
ROOM and will be available at the Polish
Geological Institute — National Research In-
stitute in Warsaw during the 6" tender round.
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Fig. 5.1. Deep wells (>500 m MD) located within the Block 413-414 tender area and in its close neighborhood.
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BLOCK 413-414

Tab. 5.1. Summary of stratigraphy with prospective exploration horizons in the wells located within the Block 413-414 tender area. Data from wells: Eakta 30K, Muchéwka 2, Raciechowice 1, Rajbrot 1, Rajbrot 2, Tarnawa 1, Zegocina 1 belongs to the Investor and cannot be published here.
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Czchéw 1 Dobczyce 5 lwkowa 1 Jaworzna 1 Kamionna 1 Leszczyna 1 Leszczyna 2 Leszczyna 3 Leszczyna 4 Leszczyna 21 Leszczyna 22 Lipnica Grn. 1 | Eapanéw 2/2K Lakta 4 Lakta 9 Lakta 11 Lakta 13 Lakta 14 Lakta 22 Lakta 25 Lakta 24 Muchéwka 1 Polom Duzy 2 Tymowa 1 Wisni 1G-1 Wisni 3 Wisni 4 Wisni 6 Wolica 1
TRATIGRAPHY top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom [m] top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom top — bottom
[m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m] [m]
Quaternary 0.0 10.0 0.0 10.0 0.0 15.0 0.0 15.0 0.0 5.0 0.0 10.0 0.0 5.0 0.0 10.0 0.0 10.0 0.0 10.0 0.0 15.0 0.0 10.0 0.0 8.0 0.0 15.0
Tran_s;gresswe 10.0 565.0
Miocene
Magura Unit 15.0 [ 1537.0
Fore-Magura Unit 1537.0 | 2258.0
Krosno Beds 5.0 165.0 0.0 520.0 0.0 1133.0 0.0 635.0 0.0 55.0 0.0 738.0
Menilite Beds 165.0 | 188.0 1133.0 | 1165.0 | 635.0 | 655.0
Vasr;;?:;es 150 | 550 188.0 | 3520 1165.0 | 1370.0 | 6550 | 8480 | 00 | 5950 550 | 140.0 738.0 | 880.0
Silesian Unit Istebna Beds 0.0 1899.0 | 10.0 976.0 2258.0 | 2520.0 0.0 573.0 55.0 [ 1225.0 5.0 1705.0 | 10.0 | 1272.0 | 352.0 | 1990.0 0.0 1365.0 | 520.0 | 1238.0 | 10.0 942.0 100 | 15500 10.0 | 1560.0 | 15.0 | 1445.0 848.0 | 1230.0 | 595.0 | 1206.0 | 10.0 | 1373.0 | 140.0 [ 1098.0 [ 535.0 | 825.0 0.0 895.0 0.0 982.0 0.0 270.0 0.0 1530.0 0.0 640.0 | 880.0 | 2421.0
Godula Beds | 1899.0 | 1949.0 | 976.0 | 1090.0 2520.0 | 2634.0 | 573.0 1440.0 | 1225.0 | 1327.0 | 1705.0 | 1750.0 | 1272.0 | 1650.0 | 1990.0 | 2040.0 | 1365.0 | 1545.0 | 1238.0 | 1540.0 | 942.0 | 1022.0 1560.0 | 1603.0 | 1445.0 | 1578.0 | 1370.0 | 1405.0 | 1230.0 | 1495.0 | 1206.0 | 1307.0 | 1373.0 | 1447.0 | 1098.0 | 1300.0 ?142128 gggg 895.0 1303.0 982.0 | 1105.0 8.0 2538.0 1530.0 | 1536.0 | 640.0 729.0
L. Cretaceous | 1949.0 | 2765.0 | 1090.0 | 1670.0 | 565.0 | 2543.0 | 2634.0 | 3214.1 | 1440.0 | 2566.9 | 1327.0 | 1470.0 1650.0 | 1944.0 | 2040.0 | 2052.0 | 1545.0 | 1820.0 1540.0 | 1880.0 1022.0 | 1575.0 1603.0 | 1835.0 | 1578.0 | 1640.0 | 1405.0 | 1870.0 | 1495.0 | 1880.0 | 1307.0 | 1732.0 | 1447.0 | 2066.0 | 1300.0 | 1845.0 9800‘0 2424956(;) 1303.0 2083.0 | 1105.0 | 1510.0 1536.0 | 1830.0 | 729.0 | 1312.0
Sub-Silesian Unit 2765.0 | 3060.0 2543.0 | 2702.0 1470.0 | 1625.0 | 1750.0 | 1900.0 2052.0 | 2179.0 1640.0 | 1985.0 1880.0 | 1995.0 | 1732.0 | 1905.0 | 2066.0 | 2175.0 | 1845.0 | 2008.0 | 2296.0 | 2890.0 15.0 | 2268.0 | 270.0 | 2275.0 | 1830.0 | 2100.0 | 1312.0 | 1867.0 | 2421.0 | 2748.0
Stebnik Unit 1575.0 | 1735.0 1835.0 | 1856.0 | 1985.0 [ 2036.0 2083.0 2120.0
Aut’(\)/lcit;g;(r)]re\ous 3060.0 | 3120.0 | 1670.0 | 1912.0 | 2702.0 | 2841.0 1625.0 | 1955.0 | 1900.0 | 2225.0 | 1944.0 | 2427.0 | 2179.0 | 2461.0 | 1820.0 | 2533.0 | 1880.0 | 2513.4 | 1735.0 | 2470.0 | 1550.0 | 1927.0 | 1856.0 | 2393.0 | 2036.0 | 2327.0 | 1870.0 | 2588.0 | 1995.0 | 2383.0 | 1905.0 | 2473.0 | 2175.0 | 2463.0 | 2008.0 | 2391.0 | 2890.0 | 3070.0 [ 2120.0 2494.0 | 1510.0 | 2437.0 | 2538.0 | 2660.0 | 2268.0 | 2648.0 | 2275.0 | 2332.0 | 2100.0 | 2328.0 | 1867.0 | 2052.0
Senonian 3120.0 | 3131.0 2470.0 | 2530.0 2437.0 | 2474.0
Turonian 2841.0 | 2990.0 2225.0 | 2232.5 2530.0 | 2535.0 2327.0 | 2330.0 2383.0 | 2390.0 2391.0 | 2393.0 2494.0 2495.0 ) " [ 2660.0 | 2695.0
Cenomanian 2232.5 | 22404 2513.4 | 2545.0 | 2535.0 | 2620.4 2330.0 | 2338.0 2390.0 | 2406.0 2463.0 | 2491.0 | 2393.0 | 2412.0 2495.0 2514.0 | 2474.0 | 2581.0 | 2695.0 | 2703.0 2052.0 | 2096.0
Jurassic 3131.0 | 3216.0 2990.0 | 3206.0 1955.0 | 2313.0 | 2240.4 | 2305.0 | 2427.0 | 2550.0 | 2461.0 | 2779.0 | 2533.0 | 2564.6 | 2545.0 | 2600.0 | 2620.4 | 2710.0 | 1927.0 | 2038.0 | 2393.0 | 2438.8 | 2338.0 | 2382.0 2406.0 | 2461.0 2491.0 | 2511.0 | 2412.0 | 2423.0 | 3070.0 | 3150.0 | 2514.0 2620.0 | 2581.0 | 2630.0 | 2703.0 | 3313.0 | 2648.0 | 2755.0 | 2332.0 | 2509.0 | 2328.0 | 2490.0 | 2096.0 | 2205.0 | 2748.0 | 3025.0
Permian- 2313.0 | 2410.0 2779.0 | 2850.0 2490.0 | 2602.0
Triassic
Upper 3025.0 | 3177.5
Permian
Lower
Permian
Carpathian Upper
basement Carboniferous
3206.0 | 3228.0
Lower
Devonian
Lower
Paleozoic 2755.0 | 2770.0 | 2509.0 | 2534.0 2205.0 | 2286.0
Precambrian 2770.0 | 2931.2 | 2534.0 | 2613.0 2286.0 | 2456.0
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6. SEISMIC SURVEYS

LIN CONCESSIONS LENGTH
o | VEAR PROJECT (after 2001) OWNER [k
9-5-74K 1974 Limanowa-Nowy Sacz 7.58
9-3-74K 1974 Myslenice-Sucha-Rabka 12.50
1-5-75K 1975 Stopnice-Nowy Sacz 3.38
5-35-75K 1975 11.99
1-3-75K 1975 8.84
2-3-75K 1975 Sucha-Rabka-Nowy Targ 10.05
3-3-75K 1975 15.11
?;;;E ig;; Bochnia-Czchow-Pilzno 132'?411
11-1-78K 1978 4.85
,?63},2?;8 ig;g Zywiec-Wadowice-Gdow g:gg
K0120178 1978 2.77
12-8-83K 1983 17.58
6-8-83K 1983 8.17
8-7-83K 1983 9.71
13-8-84K 1984 State Treasury 16.37
15-8-84K 1984 Wisniowa-takta 16.71
16-8-84K 1984 4.34
17-8-84K 1984 8.38
18-8-84K 1984 9.38
7-8-84K 1984 8.26
20-8-85K 1985 Tuchow-Kowalowy 4.77
38-8-86K 1986 2.36
39-8-86K 1986 4.17
40-8- 1986 4.38
85/86K Wisniowa-L gkta
41-8-86K 1986 4 8.09
41A-8-86K 1986 9.42
42-8-86K 1986 4.09
43-8-86K 1986 3.64
42-1-88K 1988 Niepotomice-Gdow- 3.32
48-1-88K 1988 Myslenice 24.16
10-1-89K 1989 12.48
1%'6‘118352'( iggg Dobczyce-Gdow-Wolica 1822
6-1-89K 1989 11.53
48-1-89K 1989 Skoczoéw-Wadowice-Sucha 3.83
11-8-91K 1991 13.48
112_88_99115 iggi Dobczyce-Gdow-Wolica 191'?309
3-8-91K 1991 6.72
32-7-91K | 1991 Myslenice-Limanowa- 14.06
Czchow

11A-8-92K 1992 ORLEN S.A. 10.27
21-8-92K 1992 4.30
22-8-92K 1992 6.85
23-8-92K 1992 Dobczyce-Gdow-Wolica 6.91
2-8-92K 1992 7.08
4-8-92K 1992 8.98
7-8-92K 1992 10.07
30-7-92K 1992 11.86
31-7-92K 1992 Mvélenice-Li ) 7.69
33-7-02K | 1992 yslenice- LIManowa 1411
34-7-92K | 1992 Czchéw 8.78
35-7-92K 1992 14.23
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36-7-02K | 1992 11.88
37-8-02K | 1992 11.01
38A-7-02K | 1992 2.95
38B-7-02K | 1992 9.59
30-8-02K | 1092 12.71
41-8-92K | 1992 8.50
42.8.92K | 1992 6.79
43.8:92K | 1992 8.58
44.8-92K | 1992 5.66
45:8:92K | 1992 10.60
46:892K | 1992 8.15
48:892K | 1992 7.39
51-8-02K | 1992 8.45
52-8-02K | 1992 13.34
52A-8-92K | 1992 1508
53-8-02K | 1092 6.29
53A-8-92K | 1992 5.90
56-7-02K | 1092 19,50
57792k | 1992 10.84
58-8-02K | 1092 19.92
58A-7-92K | 1992 7.76
50-8-02K | 1092 7.89
60-8-02K | 1092 12.42
61-8-02K | 1092 13.04
62-8-02K | 1092 13.83
63-8-02K | 1092 9.76
8-8-92K | 1992 10.40
9-8:92K | 1992 26.21
65-8-03K | 1093 11.84
10-14-94K | 1994 8.39
1-14-04K | 1994 11.47
2-14-94K | 1994 12.89
31494k | 1994 14.36
4-14.94K | 1994 1031
5-14-94K | 1994 6.38
64-8-02K | 1994 19.15
1-15:04k | 1995 9.83
2-15:04k | 1995 8.41
3-1504K | 1995 8.35
4-15:04K | 1995 7.78
5.15-04K | 1995 7.01
6-14-04K | 1995 9.61
6-1504K | 1995 5.23
7.1404K | 1995 8.80
7.1504K | 1995 8.67
8-14-04K | 1995 10,50
9-14-04K | 1995 11.39
16-11-01K | 2001 5.07
18-11-01K | 2001 5.04
20-11-01K | 2001 5.17
22-11-01K | 2001 4.69
24-11-01K | 2001 4.78
3-11-010K | 2001 AL 718
5:11-01K | 2001 Raciechowice-Stadniki Wlsm"waé'fgglr““how'ce' 8.70
711-01K | 2001 Wys Oka_Laianéw 14.00
9-11-01K | 2001 14.70
10-11-01K | 2002 753
11-11-01K | 2002 state Treasury | 002
12-11-01K | 2002 8.08
14-11-01K | 2002 5.02
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15-11-01K 2002 7.50
8-11-01K 2002 7.57
16-1-04K 2004 9.96
17-1-04K 2004 35/99/p 16.96
2-1-04K 2004 Wisnicz-Tuchéw, 2.97
3-1-04K 2004 39/99/p 3.97
4-1-04K 2004 Kamyk-Niepolomice Wysoka-tapanow, 6.12
5-1-04K 2004 17/2001/p 6.33
6-1-04K 2004 Gdow-Cichowa-Bochnia, 4.69
7-1-04K 2004 25/2001/p 3.03
8-1-04K 2004 Myslenice-Limanowa-Czchow 3.35
9-1-04K 2004 6.49
10-2-05K 2005 17.34
1-2-05K 2005 8.28
17-2-05K 2005 15.37
18-2-05K 2005 35/99/p 13.70
20-2-05K 2005 Wisnicz-Tuchow, 3.68
2-2-05K 2005 Widnicz 39/99/p 7.82
3-2-05K 2005 Wysoka-Lapanow, 8.16
4-2-05K 2005 25/2001/p 8.06
5-2-05K 2005 Myslenice-Limanowa-Czchoéw 8.16
6-2-05K 2005 8.32
7-2-05K 2005 8.11
9-2-05K 2005 16.27
10-2-07K 2007 14.41
11-2-07K 2007 15.13
1-2-07K 2007 12.51
12-2-07K 2007 14.67
13-2-07K 2007 10.73
14-2-07K 2007 13.94
15-2-07K 2007 17.32
16-2-07K 2007 17.76
17-2-07K 2007 35/99/p 19.81
18-2-07K 2007 Wisnicz-Tuchow, 19.26
19-2-07K 2007 Tarmawa-Czchéw 39/99/p 21.57
20-2-07K 2007 Wysoka-Lapanow, 10.49
21-2-07K 2007 25/2001/p 221
2-2-07K 2007 Myslenice-Limanowa-Czchoéw 12.90
23-2-07K 2007 2.76
3-2-07K 2007 13.24
4-2-07K 2007 12.71
5-2-07K 2007 12.35
6-2-07K 2007 14.08
7-2-07K 2007 13.62
8-2-07K 2007 14.39
9-2-07K 2007 14.32
K0190311 2011 6.15
K0200311 2011 brak danych brak danych 6.25
KE430311 2011 14.57
10-5-12K 2012 11.96
11-5-12K 2012 11.54
12-5-12K 2012 11.12
13-5-12K 2012 19.33
1-5-12K 2012 9.51
2-5-12K 2012 Kamionna-Lososina Mvéleni -ZI?i/an(;?]%)/\f)va-C ho 12.09
3-5-12K | 2012 yslemice zehow 12.25
4-5-12K 2012 11.31
5-5-12K 2012 9.56
6-5-12K 2012 11.41
7-5-12K 2012 24.25
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8-5-12K 2012 14.32
9-5-12K 2012 14.14
State Treasury 1005.06
ORLEN S.A. 791.73
Tab. 6.1. 2D seismic surveys (lines longer than 2 km) within the Block 413-414 tender area.
CONCESSIONS ACREAGE
NAME YEAR (after 2001) OWNER [kmz]
39/99/p
. Wysoka-Lapanow,
Lapanow 3D 1999 25/2001/p State Treasury 55.28
Myslenice -Limanowa-Czchow

Tab. 6.2. 3D seismic surveys within the Block 413-414 tender area.
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Fig. 6.1. Seismic survey within and in the neighborhood of the Block 413-414 tender area (CGDB, 2023).
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Fig. 6.2. Seismic survey within the Block 413-414 tender area (CGDB, 2023).
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7. GRAVIMETRY, MAGNETOMETRY AND MAGNETOTELLURICS

7.1. GRAVIMETRY

Semidetailed gravimetric surveys in the Block
413-414 tender area and in its close neigh-
bourhood were collected with a point density
ca. 4 points/lkm? (Fig. 7.1). All data are avail-
able in the CGDB (2023). There are 2672 data
points within the tender area (Fig. 7.1) com-
ing from the Western Carpathians survey
(Reczek, 1978a). Two modern detailed sur-
veys were collected in the Block 413-414
tender area. The Raciechowice-Stadniki sur-
vey (Ostrowski et al., 2002) at the west, col-
lected along profiles with 100 m step as well
as in an irregular net of points, with density of
9-10 stations’kkm®. The Tarnawa-Lakta-
Czchéw detailed survey (Ostrowska et al.,
2006) at the east was collected along profiles
with 250 m step and in an irregular net too.
Krolikowski and Petecki (1995) proposed
a division of Poland into several gravity re-
gions. Thus, the Block 413-414 tender area is
placed within south margin of Szczecin-
Mogilno-Miechow Low (Fig. 7.2). It is adja-
cent to the south with the Carpathian Low, the
margin of which is visible at the SE-corner of
the Fig. 7.2. As a part of comprehensive in-
terpretation of Carpathians geophysical image
(Lemberger et al., 2007), the residual anomaly
map with approximate tracking depth of the
range 0-6 km b.s.l. was performed (Fig. 7.3),
which reflects structure of sub-Neogene
basement.

7.2. MAGNETOMETRY

Airborne magnetic survey in the Carpathians
and Carpathian Foredeep was performed at
the level of 250 m a.g.l. (Wasiak, 1982).
There are 4981 data points along 19 profiles
within the Block 413-414 tender area. Be-
cause of strong artificial noise and its attenua-
tion in the process of data processing, only
blurred image of magnetic field was obtained.
A ground, semidetailed survey of the total
magnetic field intensity was conducted in the
Block 413-414 tender area (Kosobudzka and
Wrzeszcz, 2005). The survey has an average
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density of 2 stations/km?. All data are availa-
ble in the CGDB (2023). There are 1998 data
points within the Block 413-414 tender area
(Fig. 7.4). An image of magnetic anomalies
presented on Fig. 7.5 is taken from magnetic
map of Carpathians (Lemberger et al., 2007).
Petecki and Rosowiecka (2017) divided the
Magnetic map of Poland into several regions
with different magnetic characteristic. The
Block 413-414 tender area is located within
the  Upper Silesia-Matoposka  domain
(USMd). This domain is characterized by
mild intensity of magnetic field with a few
regional positive anomalies. The Block 413-
414 tender area lies in the north-west branch
of the Nowy Sacz regional anomaly, which is
related to the Precambrian basement of West-
ern Carpathians.

7.3. MAGNETOTELLURICS

Location map of magnetotelluric surveys in
the Block 413-414 tender area is presented in
Fig. 7.6. Some of them were performed in the
80-ties of 20th century (Swigcicka-Pawliszyn,
1984 and 1986; Molek and Oraczewski, 1987)
and as a result a depth map of flysch consoli-
dated basement was developed. The next
study (Mazurek et al., 2001) had a similar
goal. The field work was carried out along
five measurement lines, three of which pass
through the tender area in question. More de-
tailed Raciechowice-Stadniki survey (Stefani-
uk et al., 2002) was collected along 6 lines
with a total length of 40.8 km, and it was the
first survey with the use of CPMT (MT con-
tinuous profiling) method in the Carpathians.
The last survey within the Block 413-414
tender area is Tarnawa-Lakta-Czchow survey
(Ostrowska et al., 2006). 45 soundings along
3 profiles were performed. Based on the com-
bined gravimetric-magnetotelluric interpreta-
tion, the resulting structural-tectonic map was
prepared.
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Fig. 7.1. Distribution of gravimetric measurements in the Block 413-414 tender area (based on CGDB, 2023).
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Fig. 7.2. Location of the Block 413-414 tender area on the Bouguer gravity anomaly map of Poland (Krélikowski and
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Fig. 7.3. Gravity residual anomalies map as a result of frequency filtering with approximate tracking depth in the range
from 0 km to 6 km (Lemberger et al., 2007)
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8. SUMMARY CHART

General information:

Tender area:

BLOCK 413-414

Location:

Onshore

Hydrocarbon concession blocks: 413, 414

Administrative location: Voivodeship Matopolskie, Bochnia county, communes: Nowy
Wisnicz (2.02%), Lapanoéw (6.50%), Lipnica Murowana (7.65%), Trzciana (6.35%),
Zegocina (5.06%);

Brzesko country, communes: Iwkowa (7.08%), Gnojnik (1.60%), Czchow (4.54%)
Limanowa country, communes: Jodtownik (10.44%), Laskowa (7.23%), Dobra (1.40%),
Tymbark (0.37%), Limanowa (5.95%)

Myslenice country, communes: Pcim (1,79%), Wisniowa (8.66%), Dobczyce (5.34%),
Raciechowice (9.17%), Siepraw (0.21%), Myslenice (4.70%)

Nowy Sacz country, communes: Lososina Dolna (2.86%), Grodek nad Dunajcem
(0.16%)

Wieliczka country, commune: Gdow (0.92%)

Concession type:

prospection and exploration of hydrocarbon deposits
and production of hydrocarbons from a deposit

Time:

concession for 30 years, including:
prospection and exploration phase (5 years),
production phase — after investment decision

Participation:

winner of the tender 100%

Acreage [km’]:

666.20

Accumulation type:

conventional oil and gas fields

Petroleum plays:

| — Outer Carpathians
Il —autochthonous Miocene of the Carpathian Foredeep
111 — Paleozoic-Mesozoic basement

Reservoir rocks:

I — Krosno, Menilite, and Istebna Beds of the Silesian Unit
Il — Upper Badenian and Lower Sarmatian sands and sandstones
111 — Middle and Upper Devonian, Carboniferous and Jurassic carbonate rocks,
hypothetically (Pre)Cambrian clastic rocks

Source rocks:

I — Menilite, Istebna, and Lgota Beds of the Silesian Unit
Cieszyn and Grodziszcze Beds of the Sub-Silesian Unit
Il — Upper Badenian and Lower Sarmatian fine-grained clastic rocks
Il — Middle and Upper Devonian carbonate rocks, Carboniferous and Middle Jurassic
carbonate and clastic rocks

Seal rocks:

I — impermeable fine-grained clastic flysch formations: Inoceramian and Hieroglyphic
Beds, Variegated Shales, Menilite and Krosno Beds
Il — numerous layers of claystones within the autochthonous Miocene succession,
rocks of the Stebnik Unit or the Sub-Silesian and Silesian Units above the top surface
of the autochthonous Miocene

111 — Culm, Permian-Triassic, Middle Jurassic, autochthonous Miocene and the Outer
Carpathian series of the Sub-Silesian and Silesian Units (locally Stebnik Unit) for reser-

voirs in the Devonian and Carboniferous; autochthonous Miocene and Stebnik Unit

for Jurassic reservoirs

Trap type:

| — structural, structural-stratigraphic
I — structural (compactional anticlines, folds related to overthrusts),
stratigraphic (related to wedging out and unconformities)
111 — structural (Carpathian basement uplifted blocks, anticlines)

Oil and gas fields:

Lapanow, Lakta, Stopnice

Seismic surveys
(owner):

1974 Limanowa-Nowy Sacz, 1 line (State Tresaury)
1974 Myslenice-Sucha-Rabka, 1 line (State Tresaury)
1975 Stopnice-Nowy Sacz, 2 lines (State Tresaury)
1975 Sucha-Rabka-Nowy Targ, 3 lines (State Tresaury)
1977 Bochnia-Czchow-Pilzno, 2 lines (State Tresaury)
1978 Zywiec-Wadowice-Gdow, 3 lines (State Tresaury)
1983-1986 Wisniowa-Lakta, 16 lines (State Tresaury)
1985 Tuchoéw-Kowalowy, 1 line (State Tresaury)

1988 Niepotomice-Gdow-Myslenice, 2 lines (State Tresaury)
1989 Skoczow-Wadowice-Sucha, 1 line (ORLEN S.A.)
1989-1992 Dobczyce-Gdow-Wolica, 15 lines (ORLEN S.A.)
1991-1995 Myslenice-Limanowa-Czchow, 53 lines (ORLEN S.A.)
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2001-2002 Raciechowice-Stadniki, 15 lines (State Tresaury, ORLEN S.A.)
2004 Kamyk-Niepotomice, 10 lines (State Tresaury)
2005 Wisnicz, 12 lines (State Tresaury)
2007 Tarnawa-Czchow, 22 lines (State Tresaury)
2012 Kamionna-Lososina, 12 lines (State Tresaury)
2008 Lapanéw 3D, 55.28 km? (State Tresaury)

Wells
(depth):

CZCHOW 1 (3216.0 m)
DOBCZYCE 5 (1912.0 m)
IWKOWA 1 (3228.0 m)
JAWORZNA 1 (3214.1 m)
KAMIONNA 1 (2566.9 m)
LESZCZYNA 1 (2410.0 m)
LESZCZYNA 2 (2305.0 m)
LESZCZYNA 3 (2550.0 m)
LESZCZYNA 4 (2850.0 m)
LESZCZYNA 21 (2564.6 m)
LESZCZYNA 22 (2600.0 m)
LIPNICA GORNA 1 (2710.0 m)
EAPANOW 2/2K (2050.0 m)
EAKTA 4 (2438.8 m)
EAKTA 9 (2382.0 m)
EAKTA 11 (2588.0 m)
EAKTA 13 (2461.0 m)
EAKTA 14 (2473.0 m)
EAKTA 22 (2511.0 m)
EAKTA 24 (3150.0 m)
EAKTA 25 (2423.0 m)
EAKTA 30K (2746.4 m)
MUCHOWKA 1 (2620.0 m)
MUCHOWKA 2 (2804.0 m)
POLOM DUZY 2 (2630.0 m)
RACIECHOWICE 1 (2424.0 m)
RAJBROT 1 (4948.0 m)
RAJBROT 2 (4185.0 m)
TARNAWA 1 (5510.0 m)
TYMOWA 1 (3740.0 m)
WISNIOWA IG-1 (2931.2 m)
WISNIOWA 3 (2613.0 m)
WISNIOWA 4 (2602.0 m)
WISNIOWA 6 (2456.0 m)
WOLICA 1 (3177.5 m)
ZEGOCINA 1 (3509.0 m)

Possible minimum work program for the prospection and exploration phase

Archival data reinterpretation and analysis

Drilling of one well to the maximal depth 5000 m TVD
with obligatory coring of prospective intervals
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