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1. GENERAL INFORMATION
1.1. LOCATION

The Koto tender area of 1035.32 km? is locat-
ed onshore in western Poland (concession
blocks 189, 190, 209, 210 and 230; Fig. 1.1).
The precise location is defined by geographic
coordinates listed below.

Border points 19)?2 coordinate sys;c;em
1 529967.77 466172.40
2 488641.34 498789.16
3 486438.55 496164.37
4 489957.06 493014.61
5 487890.95 490706.30
6 484446.05 493790.15
7 480134.00 488652.00
8 470399.21 496820.43
9 470399.21 484545.58

10 505767.09 460565.18
11 530004.01 460948.02
excluding the area defined by points 12-37

12 511761.56 470471.74
13 510890.57 470321.23
14 510548.30 470289.27
15 510275.58 469386.68
16 508585.79 470240.02
17 507227.64 467937.05
18 508438.78 468164.41
19 508686.68 468071.55
20 508552.29 467753.83
21 509029.12 467425.48
22 509000.98 466860.16
23 509786.65 466458.84
24 510712.28 466533.66
25 510863.68 466135.08
26 511413.87 466119.07
27 512301.03 464657.54
28 512945.40 465015.52
29 514274.41 464099.56
30 514887.48 464919.13
31 515164.02 464836.89
32 515654.00 465231.28
33 515464.92 465948.84
34 515240.12 467390.59
35 513488.00 467015.12
36 511733.89 468344.28
37 511927.13 469427.80

Tab. 1.1. Border points’ coordinates of the Koto tender
area (Fig. 1.2).

The Koto tender area was previously subject-
ed to hydrocarbon prospection and explora-
tion concessions No. 53/2011/p Koto,
3/2016/p Koto, and 1/2017/p Koto Zachédd
(Strzelecki Energia). Currently, there are no
active concessions in the neighborhood of the
area (Figs 1.1-1.2). Only to the west, the
Koo tender area is adjacent to the Konin area,
dedicated previously to the 3" licensing round
for hydrocarbon concessions in Poland.

The Koto area is prospective for exploration
of conventional and unconventional oil and
gas fields in the Mesozoic of the Polish Low-
lands. Especially, in the latter case, the Mid-
dle and Upper Jurassic shales are the explora-
tion target.

—>Fig. 1.1. Location of the Koto tender area in the map of concessions for hydrocarbon exploration and production, 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 Koto tender area and location of the hydrocarbon concessions and fields of mineral re-
sources in the neighborhood, as of 30-06-2023.



1.2. ENVIRONMENTAL CONDITIONS

KOLO

THE ENVIRONMENTAL CONDITIONS DATASHEET

FOR TENDER AREA KOLO
Sompolno 478, Ktodawa 515,
1 LOCATION OF THE TENDER 1:50 000 Koto 514, Radziejow 440, Dabie 551,
' AREA ON THE MAP geological map sheet Jeziora Wielkie 439, Slesin 477,
Izbica Kujawska 479, Turek 550
Voivodeship Kujawsko-Pomorskie
County Inowroclaw
The commune and % of
the area within Kruszwica (2.58%)
the tendering area
County Radziejow
Byton (2.70%), Piotrkow Kujawski (11.22%),
Radziejow City (0.14%),
Commune Radiiejéw (){.(69%), )
Topdlka (4.66%)
County Wioclawek
et o
2. ADMINISTRATIVE LOCATION Voivodeship Todakic
County Leczyca
Commune Grabow (0.06%)
Voivodeship Wielkopolskie
County Kolo
Babiak (12.91%), Chodow (0.48%),
Dabie (5.69%), Grzegorzew (7.07%),
Commune Klodawa (9.09%), Koto City (0.09%),
Koto (6.84%), Olszéwka (4.46%),
Osiek Maty (4.13%), Przedecz (1.15%)
County Konin
Sompolno (8.39%),
Commune Wierzbinek (9.43%)
Macroregion Pojezierze Wielkopolskie (315.5)
PHYSIOGRAPHIC Mesoredion Réwnina Inowroctawska (313.25),
3 REGIONALIZATION 9 Pojezierze Kujawskie (315.57)
’ (after KONDRACKI, 2013 Macroregion Nizina Potudniowowielkopolska (318.1-2)
and SOLON et al., 2018 . Wysoczyzna Ktodawska (318.15),
) Mesoregion " otlina Kolska (318(.14) :
529967.77 466172,40
488641.34 498789,16
486438.55 496164,37
489957.06 493014,61
487890.95 490706,30
484446.05 493790,15
480134.00 488652,00
470399.21 496820,43
470399.21 484545,58
505767.09 460565,18
530004.01 460948,02
COORDINATES OF THE TENDER _ excluding the area defined by points:
4, AREA BORDER POINTS PL-1992 [X; Y] 511761.56 470471,74
510890.57 470321,23
510548.30 470289,27
510275.58 469386,68
508585.79 470240,02
507227.64 467937,05
508438.78 468164,41
508686.68 468071,55
508552.29 467753,83
509029.12 467425,48
509000.98 466860,16
509786.65 466458,84
510712.28 466533,66




KOLO

THE ENVIRONMENTAL CONDITIONS DATASHEET

FOR TENDER AREA KOLO
510863.68 466135,08
511413.87 466119,07
512301.03 464657,54
512945.40 465015,52
51427441 464099,56
514887.48 464919,13
515164.02 464836,89
515654.00 465231,28
515464.92 465948,84
515240.12 467390,59
513488.00 467015,12
511733.89 468344,28
511927.13 469427,80
5. SURFACE 2!;;2E TENDER k] 1035.32
6. CONCESSION TYPE prospecting, exploration
and production of hydrocarbons
7. (NGB OIFANIPIROIE RO Jurassic, Mesozoic
FORMATION
PROTECTED NATURAL AREAS
National Parks no
Natural Reserves Kaw@cz(ﬁsai Brzeki
Landscape Parks [yes/ no] — no T
[FaN13 2, oplanSko- UJaWS | . 0),
Protected landscape areas ifyes™ E[};ﬁ él :rme of the Jezioro Gluszynskie (4.08 %),
area and its Jezioro Modzerowskie (3.11 %)
8. Natura 2000 o i
! 0, - 0,
(Special Area of Conservation, SAC) % within the total area PLH100006 Pradolina Bzury-Neru (<1%)
Natura 2000, PLB100001 PradoIi(r;al%arszawsko-Berliﬁska
(Special Bird Protection, SPA) PLB300002 Dolina Srodkowej Warty (<19%)
Nature and landscape complexes no
Ecological area 2
[yes (quantity) / no] 47
Nature monuments (including 119 objects)
9. PROTECTED SOIL [yes / no] yes
10. FOREST COMPLEXES [yes / no] yes
0,
11, PROTECTIVE FORESTS Lyes (% of ::)e] total area / 26.4 ki (2.55%)
[yes (quantity) / no]
CULTURAL HERITAGE Hillfort 4
12. FACILITIES Hamlet no
Archaeological monuments Cemetery 2
others 1
yes
L3 MAJOR GROUNDWATER [yzs é”;’f”t‘ﬁgg ”u"}?;f)a‘/“d 226 Zbiornik Krosniewice-Kutno, J3
' RESERVOIRS g " 151 Zbiornik Turek-Konin-Koto, Cr
no]nie] 144 Dolina Kopalna Wielkopolska, Q
14 | PROTECTIVE ZONES OF WATER [yes / no] s
' INTAKE y
15. SPA PROTECTION ZONES [yes / no] no
16. FLOOD HAZARD AREA [yes / no] yes
17. POROVEN MINERAL DEPOSITS [yes d(e%giift))f/ rr:g? eral yes (natural aggregates, sands, brown coal, salts)
PROGNOSTIC AND PERSPEC- q d and | | q
18 | TIVE AREAS OF OCCURRENCE [yes (type of mineral | Y& (sand. S‘""”oif”naﬁ;fi‘i’le nggi‘l’f S, peat, crude
' OF MINERAL RESOURCES deposit)/ no] " brown cgoall) '
(excluding hydrocarbons)
19. NATURAL GAS PIPELINES [yes / no] yes
20. | UNDERGROUND GAS STORAGE [yes / no] no
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THE ENVIRONMENTAL CONDITIONS DATASHEET

FOR TENDER AREA KOLO
DATE OF THE DATASHEET
21. COMPLETION 18.11.2021
22. E@ IgAEEgé (BE%ESH Aleksandra Ktos, Dominika Kafara

Tab. 1.3. The environmental conditions datasheet for the Koto tender area.

->Fig. 1.3. Environmental Map of the Koto area.
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Objaénienia do Mapy srodowiskowej obszaru
KOtO

Legend of the Environmental Map of the KOLO area

(opracowano na podstawie bazy MGSP 7 zasobdw PIG-PIB*)

(based

ZtOZA KOPALIN ORAZ
PERSPEKTYWY | PROGNQZY ICH WYSTEPOWANIA

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

kreda jeziorna i gytia
lacustrine chalk and gyttja

piaski
sands

13333
EIITI]

Zwiry

gravels

piaski i zwiry
sands and gravels

piaski kwarcowe
quariz sands

torfy

peat

172 identyfikator z bazy MIDAS zloza matokonfliktowego
D from the MIDAS database of the small environmental conflict
1352 identyfikator z bazy MIDAS zloza konfliktowego
—_ ID from the MIDAS database of the enviranmental confiict
414 CHELMCE identyfikator z bazy Midas oraz nazwa zioza bardzo konfliktowego

ID from the MIDAS database of the very environmental conflict

granica zioza
deposit boundary

granica obszaru prognostycznego
prognostic area boundary

granica
verified prognostic area
granica obszaru perspektywicznego
perspe rea boundary

obszaru pr
oundary

Y zloze o powierzchni € 5 ha
deposit with area < 5 ha

GORNICTWO | PRZETWORSTWO KOPALIN

MINING AND MINERAL PROCESSING

granica obszaru gérniczego
boundary of the mining area

granica terenu gomiczego
boundary of the mining terrain

o obszar i teren gomiczy zloza o powierzchni € 5 ha
area and terrain of the deposit with area = 5 ha
P
° punkt niekoncesjonowanej eksploatacji kopaliny (pc - rodzaj kopaliny)
P point of unlicensed exploitation of a mineral (p - type of mineral)
ﬂ' zwaty odpadow mineralnych: eksploatacyjne o powierzehni < 5 ha
damps of mineral waste: aperational with area < 5 ha
C::} zwaly i>5ha
ith area > 5 ha

damps of mineral waste: urf

Symbol kopaliny:
Mineral symbol

Symbol jednostki stratygraficznej:
Symbol of the stratigraphic unit

Whb - wegiel brunatny Q- Czwartorzed
caal Quaternary
G - gaz ziemny Ng - Neogen
natural gas Neogens
R -ropa naftowa Pg - Paleogen
crude o Paleogene
Na - 56l kamienna Cr - Kreda
rock salt Cretaceous
kj - kreda jeziorna J-Jura
lacustrine chalk and gyttia Jurassic
2~ zwiry P - Perm
gravels Permian
pz - piaskii zwiry
sands and gravels
p- piaski
sands

pk - piaski kwarcowe
quartz sands

t- torfy

peat

WODY POWIERZCHNIOWE | PODZIEMNE

SURFACE AND UNDERGROUNG WATERS

obszary dolinne zagrozone podtopieniami
valley flood hazard area

granica dziatu wodnego pierwszego rzedu

water divide of first rank

granica dziatu wodnego trzeciego rzedu
water divide of third rank

granica dzialu wodnego czwartego rzedu

water divide of fourth rank

granica gléwnego zbiornika wod podziemnych wraz z jego numerem
principle boundary aquifer with 1D number

granica strefy ochrony ujgcia wod
water intake protected area boundary

k. ujecie wod podziemnych o wydajnosci = 50 m3/h
Q underground water intake with capacity > 50 m?/h
d . swodni
+~Pg+Ng w granica leja jnego wy

(Pg+Ng - wiek odwadnlanych utworéw)

boundary ¢ pression caused by mining dehydration (Pg+Ng -

age of exploited rocks)

WARUNKI POD£OZA BUDOWLANEGO

BUILDING SUBSTRATE CONDITIONS

OCHRONA PRZYRODY, KRAJOBRAZU
| DZIEDZICTWA KULTUROWEGO

PROTECTION OF NATURE, LANDSCAPE AND CULTURAL HERITAGE

tereny osuwiskowe i zagrozone ruchami masowymi
landslides and mass movements hazard are:

grunty ome (klasy |-IVa uzytkéw rolnych)

arable land (class I-1Va)

taki na glebach pochodzenia organicznego
meadows on organic soils

lasy
forests

lasy ochronne
protected forests

granice lerenéw zazadzanych przez Dyrekcje Generalng Lasow Panstwowych
boundary naged by General Directorate of the State Forests

granica parku krajcbrazowego; nazwa parku

I boundary of landscape park; park name

granica obszaru chronionego krajobrazu; nazwa obszaru

. boundary of protected landscape area; area name
L granica rezerwatu przyrody (L - lesny, Fn - florystyczny)
boundary of natural reserve (L - forests, Fn - fioristic)
Obszary Europejskiej Sieci Ekologicznej Natura 2000; kod obszaru
S— Natura 2000 ecological network; area code
80000 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
ecological area

uzytek ekologiczny o powierzchni € 5 ha
ecological area with area < 5 ha

stanowisko dokumentacyjne przyrody nieozywione
documentation site of inanimate nature

stanowisko archeologiczne
archeological site

INFORMACJE DODATKOWE

ADDITIONAL INFORMATIONS
granica wojewodztwa
distirct boundary

granica powiatu
distirct boundary

granica gminy, miasta
commune of town boundary

0$ autostrady lub drogi szybkiego ruchu

=A== highway or express route
siedziba urzedu gminy, miasta
DABIE commune or town office headquarter
KAMIENIEC miejscowosé letniskowa
T summerresort
[P sie¢ gazociggow przesylowych
natural gas pipeline network
%X KKK sied elektmanergelyczna najwyzszych napieé

high-voltage power network

granica obszaru przetargowego
boundary of tender area

* Wykorzystano mformnqe udosfepnlcme przez RIGW, GDOS, GDLF, IMGW-PIB, NID, PSE, GAZ-SYSTEM, umedy morskie oraz z baz danych PSG i PSH w PIG-FPIB

* Data
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2. GEOLOGY

2.1. GENERAL GEOLOGY AND TECTONICS

The Koto tender area is located on the West-
ern European (Paleozoic) Platform
(Zelazniewicz et al., 2011; Figs 2.1-2.2).
Within the area and its vicinity, 3 main struc-
tural units can be distinguished based on
available well and seismic data: Cenozoic,
Permian-Mesozoic, and Devonian-Carboni-
ferous. Below, it is assumed that the Lower
Paleozoic and Precambrian rocks exist but
they have not been drilled, so fat. Moreover,
the thick succession of Zechstein evaporates
makes it difficult to access seismically.

In the sub-Cenozoic structural plan, the
Koto tender area is located between the Mo-
gilno-Lodz segment of the Szczecin-Lodz-
Miechow Synclinorium and the Kuyavian
segment of the Mid-Polish Anticlinorium
(Zelazniewicz et al., 2011; Nawrocki and
Becker, 2017; Figs 2.1-2.2). About 2/3 of the
area (SW part) has a trough-like structure
(Lodz Synclinorium), whereas the remaining
part constitutes the western edge of the Mid-
Polish Anticlinorium (Kuyavian segment).

Under the thick Permian-Mesozoic succes-
sion, the Devonian-Carboniferous succession
probably occurs, representing the Variscan
orogeny and/or Variscan foredeep basin. The
above mentioned horizons have not yet been
drilled, so far. The nearest wells, in which
rocks of the Carboniferous age were recog-
nized, are located to the SW (Mala-
now-1) and NE (Byczyna 1) from the Koto
tender area. The quality of seismic survey,
due to the significant thickness of Zechstein
salts, is highly unreliable within the pre-
Zechstein sediments. Therefore, the exact
boundary between the extent of the Variscan
deformation zone and the Variscan foredeep
basin has not been clearly defined, so far. Ac-
cording to Zelazniewicz et al. (2011), the
Koto tender area is located within the Var-
iscan foredeep, outside the deformation zone.
However, according to Nawrocki and Becker
(2017), it is located within the Variscan orog-
eny deformation zone (Fig. 2.2).

The Variscan structural unit is bounded
from the top by the subaerial erosional sur-
face, which is located at depth of about
6900 m b.g.l. in the SW part of the area and
generally decreases to 7400 m b.g.l. in the SE
(Kudrewicz, 2007; Figs 2.3). The surface rises
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sharply from 7300 m b.g.l. to less than
6000 m b.g.l. in the northern part of the tender
area. This is most likely caused by the exist-
ence of a local normal fault with a throw of
about 700 m. The sub-Permian surface expos-
es sedimentary rocks of the Variscan foreland
basin, which, as mentioned earlier, have been
— at least in some part — affected by Variscan
deformations.

Based on the regional studies and analysis
of the nearest wells, it is hypothesized that the
Carboniferous formations are directly uncon-
formably overlain by the Rotliegend sedimen-
tary rocks, formed during synsedimentary
block tectonic movements in extensional and
strike-slip regimes (Karnkowski, 1991, 1999).
These rocks begin the Permian-Mesozoic sed-
imentary succession.

In the Kolo area, the base of Zechstein is
important structural surface for hydrocarbon
exploration. Below this thick, evaporite suc-
cession, accumulations of natural gas occur at
the top of the Rotliegend, recognized in a
number of fields located to the west and
south-west from the Koto tender area. Within
the analyzed region, the sub-Zechstein surface
is located at the depth of 6500 m b.g.l. with
local rises and depressions up to 7000 m b.g.1.
(Fig. 2.4).

The Polish Basin was formed as one of nu-
merous Mesozoic epicontinental basins of the
Central Europe (Ziegler, 1990; Scheck-
Wenderoth et al., 2008; Pharaoh et al., 2010).
Permian-Mesozoic sediments were deposited
in the axial part of the basin, called the Mid-
Polish Trough, parallel to the NW-SE orient-
ed T-T Zone (Teisseyre-Tornquist Zone; Ku-
tek and Glazek, 1972; Pozaryski and
Brochwicz-Lewinski, 1978; Dadlez, 1997;
Kutek, 2000; Guterch et al., 2010), which is
the border between the Eastern and Western
European platforms. This area underwent
strong subsidence from the Permian to the
Late Cretaceous, resulting in development of
several kilometers thick Permian-Mesozoic
succession. Subsequently, in the Late Creta-
ceous and Paleogene, there was an inversion
phase associated with Laramide orogenic
movements, which affected almost all basins
of the Alpine-Carpathian area (Pozaryski,
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Brochwicz-Lewinski, 1978; Dadlez, 1997,
Ziegler, 1990; Krzywiec, 2002, 2004a, b,
2012; Mazur et al, 2005; Resak et al., 2008).
Simultaneous uplift and erosion of the basin
led to the formation of the Mid-Polish Anti-
clinorium. Its recent boundaries are defined
by the extent of the Lower Cretaceous and
older rocks on the sub-Cenozoic surface
(Pozaryski and Brochwicz-Lewinski, 1978;
Ziegler, 1990; Dadlez et al., 1995). In the
Koto tender area there is a distinct difference
in the geological structure of the SW and NE
part of the Ktodawa salt diapir (Figs 2.5-2.6).
The difference in geological structure is most
probably caused by a stronger uplift of the NE
limb of the Klodawa fault. The hanging limb
was more strongly eroded in comparison to
the SW part, which resulted in the removal of
the whole Cretaceous and a large part of Ju-
rassic sedimentary cover.

Halotectonics, initiated in the Early Trias-
sic and lasting locally even into the Cenozoic,
played an important role in structural evolu-
tion of the Permian-Mesozoic succession. The
formation of salt diapirs, including the Ktod-
awa diapir, dates to the Late Triassic, when
faulting and subsidence of the basement and
accompanying lateral recession of salt intensi-
fied. The fault zones were exploited by ductile
Zechstein salts that moved upwards in the
form of diapirs. They were then covered by
the uppermost Triassic and Jurassic sediments
(Krzywiec, 2004a). Salt structures are particu-
larly characteristic for the central and north-
western parts of the Mid-Polish Anticlinori-
um. They are mainly salt pillows and diapirs
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parallel to the boundaries of the Mid-Polish
Anticlinorium. There are also allochthonous
structures in the form of salt tongues occur-
ring as interbeds several kilometers long with-
in Mesozoic rocks. A form of this type was
recognized at the Kltodawa diapir (Krzywiec,
2004b, 2012; Burliga et al., 2012a). The main
halotectonic structures in the discussed area
are the Ktodawa, Pongtoéw-Wartkowice and
the Gopto diapirs (Fig. 2.7). The zone of the
Klodawa diapir runs along the NE border of
the Koto tender area. In its central part, the
diapir pierces Mesozoic sediments. On the
SW side of the area the north-western part of
the Ponectow-Wartkowice diapir zone is
marked and on the NW side — the southern
end of the Gopto diapir. These structures part-
ly pierced Mesozoic sediments. It was the
reason for stratigraphic gaps in the Mesozoic
and Cenozoic sedimentary cover above them.

The following section presents the character-
istics of individual stratigraphic units. The
lithostratigraphic description is based on data
from wells situated within the tender area:
Augustynowo 1, Banachow 1G-1, Bierzwien-
na K-31, Bolestaw-1, Dlugie K-68, Gopto
GEO10, Goplo GEQ9, Izbica 2, Izbica
Kujawska K-37, Izbica Kujawska K-67, 1zbi-
ca Kujawska K70, Kocewia-A, Ktodawa 66,
Klodawa 71, Kolo GT-1, Kolo IG-3,
Marcjanowo K-33, Pagorki IG-1, Podtymien
K-69, Ponetow 1, Ponetow 2, Przybytow 1,
Wrzaca IGH-1. Their location can be found in
Fig. 2.8.
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Fig. 2.1. A. Location of the Koto tender area in relation to the Old-Apline tectonic structures (Nawrocki and Becker,
2017; modified). B. Location of the Koto tender area in relation to the Variscan tectonic structures (Nawrocki and
Becker, 2017; modified).
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JEDNOSTKI TEKTONICZNE POLSKI POD POKRYWA
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Fig. 2.2. Location of the Koto tender area in relation to the main tectonic units in Poland beneath the Permian, Mesozo-
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PRZEKROJ GEOLOGICZNY PRZEZ UTWORY NIZU POLSKIEGO
GEOLOGICAL CROSS-SECTION THROUGH THE POLISH LOWLANDS
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Fig. 2.6. Geological cross-section through the Polish Lowlands (Goérecki and Hajto, 2006, modified).
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2.2. STRATIGRAPHY
2.2.1. CARBONIFEROUS

Distribution and thickness

No rocks of Carboniferous age were drilled
within the Koto tender area. Information on
lithology was completed based on the Byczyna
1 and Malanéw 1 wells, situated respectively to
the NE and SW of the area. Based on available
data, it is not possible to determine the thick-
ness of the Carboniferous within the Koto area
and in its vicinity.

Lithology and stratigraphy

Carboniferous rocks in the Byczyna 1 well are
represented mainly by fine-grained rocks,
predominantly dark-gray siltstones with
a high content of micas, interlayered with
claystones and gray sandstones. The sand-
stones are generally poorly-sorted. The min-
eral composition is dominated by quartz (sub-
lithic sandstones) with subordinate grains of
metamorphic, siliceous, and volcanic rocks.
Sometimes exotic content exceeds 25% (lithic
arenites). The matrix in sandstones is clayey,
often calcareous with dispersed ferruginous
substances. Locally there is carbonate cemen-
tation and authigenic quartz in the form of
syntaxial overgrowths around detrital grains.
The increased proportion of siliceous cemen-
tation means that macroscopically the sand-
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stone can be defined as quartzitic sandstone.
To the SW of the Kolo tender area, the Car-
boniferous rocks are characterized by a higher
proportion of sandy rocks than in the NE part,
with a variable degree of sorting. They are
characterized by a high content of feldspars,
lithic grains, and muscovite. Mineral grains
and recrystallized feldspars, as a result of
compaction, often form a pseudo matrix be-
tween the more resistant components of the
grain framework.

Petroleum prospects

Carboniferous rocks are one of the basic
source rocks in the area of the European
South Permian Basin including the Polish
Basin (e.g., Kotarba et al., 1992, 1999, 2005,
Kotarba and Lewan, 2004, 2013; Karnkowski,
1999). The Upper Carboniferous rocks are
considered to be particularly important, where
the role of source rocks is played mainly by
coal seams. It is assumed that rocks of this
age occur in the basement of the Koto tender
area (Fig. 2.9), which creates high hopes for
possible generation and migration of hydro-
carbons into Mesozoic reservoirs during
movement of salt masses.
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2.2.2. PERMIAN - ROTLIEGEND

Distribution and thickness

The Rotliegend deposits in the Koto tender area
are almost unrecognized. None of the wells
located within the area drilled tis horizon. The
nearest wells in which Rotliegend has been
recorded are:

e Byczyna 1: 5054.0-5535.0 m,

e Kutno-2: 6198.0-6577.2 m,

e Malanow 1.
The Rotliegend in the Kolo tender area is
deeply buried. The succession and its basement
are divided into tectonic blocks (Fig. 2.4;
Kudrewicz, 2007). Individual blocks are
separated by faults with a general NW-SE
trend. The deepest Rotliegend deposits occur in
the central part of the tender area (Fig. 2.4).
The top of the Rotliegend runs there over
70000 m b.gl. The remaining part is
characterized by a slightly shallower depth
ranging from about 6000.0 to 6400.0 m b.g.l.
(Fig. 2.4). 1t is believed the thickness of the
Rotliegend in the Kolo tender area is
significant. It is probably the thinnest in the
northern part (below 600.0 m), while towards
the SW the thickness increases reaching up to
800.0 m (Fig. 2.10; Wagner et al., 2008; Gast et
al., 2010).
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Lithology and stratigraphy

Due to the lack of wells reaching the
Rotliegend rocks in the Koto tender area, the
general lithological characteristics of the
succession can by adopted only from the
Byczyna 1 well (Bloch et al., 1984) located
about 10 km to the NE of the area. Some
general view brings also the palaeogeographic
map of the Upper Rotliegend (Fig. 2.11,;
Kiersnowski et al., 2020).

The Rotliegend succession is probably lim-
ited only to the sedimentary series defined as
the Upper Rotliegend (equivalent to the tradi-
tional Saxonian unit; Pokorski, 1981, 1988,
1997). It is composed of dark brown and red
mudstones, siltstones, and fine-grained sand-
stones. Abundant anhydrite nodules were also
observed. Deposition of these sediments took
place in the marginal, south-eastern part of the
playa-lake area (Fig. 2.11; Kiersnowski et al.,
2020). Generally, in terms of facies and
petrophysical properties (Byczyna 1 well:
porosity  0.06-4.08  %;  permeability
~0.01 mD), the Upper Rotliegend in this re-
gion could not have prospective reservoir
properties.
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2.2.3. PERMIAN — ZECHSTEIN

Distribution and thickness

The Upper Permian (Zechstein) formations
were recognized in 10 wells within the Koto
tender area:

e Augustynowo 1: 300.0-630.0 m,

e Bierzwienna K-31: ?227.6-1024.4 m,

e Izbica 2: 219.6-1200.0 m,

e |zbica Kujawska K-37: 354.5-1212.3 m,

e |zbica Kujawska K-67: 310.0-521.0 m,
Izbica Kujawska K70: 215.3-590.5 m,
Klodawa 71: 118.0-510.0 m,

Marcjanowo K-33: 334.7-1002.7 m,
Podtymien K-69: 412.0-600.1 m,
e Przybylow 1: 3855.0-3857.0 m.
The Kolo tender area is located in the central
part of the large Zechstein basin in Poland
(e.g. Wagner, 1995). The almost complete
Upper Permian (Zechstein) succession can be
investigated in the Ktodawa salt diapir, which
is the subject of salts exploitation in the
KELODAWA S.A. salt mine for over 70 years.
The Zechstein lithostratigraphic units are
well-recognized in the mine. Only the lower-
most part of the PZ1 succession (Kup-
ferschiefer T1, Zechstein Limestone Cal, and
Lower Anhydrite Ald) was insufficiently

documented (Burliga et al. 1995; Mazurek et
al. 2016; Misiek, 1997; Werner et al. 1960),
so far. Although the PZ1 rocks have been
observed as carbonate and sulfate clasts with-
in the folded PZ2 complexes (e.g., Sadowski
et al., 2007), their presence seems to be un-
questionable if to compare the regional pal-
aeogeography of the Zechstein Basin in Po-
land (Oszczepalski and Rydzewski, 1987;
1991, Peryt and Antonowicz, 1990; Peryt and
Peryt, 2012; Peryt and Wagner, 1998; Wag-
ner, 1995). Perhaps deeper exploration of the
diapir will provide more reliable data on the
PZ1 lithostratigraphic units.

The stratigraphic position and estimated
thicknesses of the Zechstein lithostratigraphic
units occurring in the Koto area are shown in
Table 2.1 (see also Fig. 2.12). The thicknesses
given therein are based on observations from
the Klodawa salt diapir (these data usually
represent apparent rather than real thicknesses
of individual inits. The diapir underwent in-
tensive tectonics which resulted in duplica-
tions, reductions, or even lack of particular
units in various analyzed profiles) and region-
al data (e.g. Czapowski, 1994; Czapowski et
al., 1991, 1994; Wagner, 1995).

Lithology and stratigraphy

PZ4

Top Terrigenous Series (PZt) — the Zechstein succession in the Ktodawa salt diapir have not yet recorded the pres-
ence of the Top Terrigenous Series. A clear lithological similarities to the top part of the Upper Youngest Clay Halite
make it impossible to distinguish between the two units. It is also possible that the Top Terrigenous Series was in-
cluded to the Lower Triassic due to lack of the core samples in wells.

Thickness: (60-120 m)

Upper Youngest Clay Halite (Na4t) = the Upper Youngest Clay Halite (Na4t) completes a succession of Zechstein
deposits that can be traced in the Klodawa salt mine. They are composed of laminated, gray to beige rock salts, lay-
ered and massive, sometimes with claystone fragments, and brown layered and massive clay halite, often with clay-
stone fragments of various size. These rocks are separated by layers of brown claystones and claystone breccia that
are from several to several tens of meters thick. In the lowermost part of the succession, there are marly clays with
thin overgrowths and concretions of carbonates and anhydrite.

Thickness: 90-160 m (up to 217 m)

Youngest Halite (Nada) = Lower Youngest Halite (Na4al) + Upper Youngest Halite (Na4a2) — pink and orange,
coarse- and medium-crystalline salt interlayered with clayey rock salt laminated with anhydrite.
Thickness: 20-140 m (several-80 m)

Lower Pegmatite Anhydrite (Adal) — a layer of dark gray anhydrite laminated with clays, with clasts of brown and
white-gray halite. Regionally, in the lower part these rocks are developed as shallow-water massive anhydrite with
layers of selenite crystals (gypsum pseudomorphoses).

Thickness: 0.6-1 m (0.5-1.5 m)

Underlaying Halite (Nada0) — grayish, medium- to coarse-crystalline rock salt, with anhydrite smoudges and
crumbs of claystones (probably Lower Red Pelite) and Zuber beds.
Thickness: 2-3 m (0.5-3 m)
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Lower Red Pelite (T4a) — a thin layer of grayish to reddish clay with larger halite crystals, locally tectonically re-
duced to several cm, occurring between the Zuber beds and the Underlying Halite (Na4a0). The regional basin analy-
sis of the PZ4 Zechstein cyclothemedescribes this unit as red mudstones and claystones with intercalations of sand-
stones in the lower and upper part of the succession.

Thickness: ~0.4 m (2-40 m)

PZ3

Younger Clay Halite (Na3t) — gray halite laminated with clays with an admixture of anhydrite. Subordinately thin
layers of gray-beige non-textured rock salt and interbeds of tens of cm to 4 m thick massive, brown clay halite and up
to 2 m thick brown clays occur. The upper part of the succession is formed of Zuber beds with intercalations of clay-
stones up to several meters thick. Locally, a several meter thick layer of claystone breccia also appears. Wagner
(1995) assigned this succession the Tuczno Member.

Thickness: 100-110 m (30-70 m)

Upper Younger Halite (Na3b) — pink and orange halite, medium- to coarse-crystalline, massive in the lower part of
the succession, regularly layered with anhydrite and clays above. In addition, in the upper part of the lower rock salt
succession, single desiccation cracks have been described. The principal minerals are halite, anhydrite, clay minerals,
sylvinite and carnallite, with occasionally automorphic quartz.

Thickness: 4-16 m

Transitional deposits: Younger Halite + Younger Potash (Na3+K3) — fine-crystalline rock salt, gray, laminated
rhythmically with layers of kieseritic carnalite. In contrast, the Younger Potash (K3) is composed of alternating me-
dium- to fine-crystalline rock salt, layered with clays and anhydrite, with laminae of Kieserite carnalite, and layers of
kieserite carnalite with coarse-crystalline and crystalline halite. The carnallite bearing series of about 15-45 m thick
is distinguished as the so-called industrial deposit, which occur in the central part of the succession.

Thickness: 20-120 m (up to 20 m)

Lower Younger Halite (Na3a) — white, grey, and variegated, medium- to coarse-crystalline rock salt, regularly
layered with anhydrite in of 5-25 cm intervals. In addition, within the upper part of the succession, there are locally
thick lenses and veins (3—8 meters thick) of epigenetic Kieseritic carnalite and sylvinite and zones with blue halite.
Thickness: 120-180 m (over 300 m, including Na3a, Na3+K3, K3, and Na3b)

Main Anhydrite (A3) — gray, massive, highly fractured anhydrite with clay smoudges and veins of epigenetic halite,
polyhalite, and sylvinite. Regional analysis of this unit indicates a similar thickness of sulfate deposits in the central
part of the evaporite basin, developed as shallow-water massive anhydrite in the lower part with a transition to more
deep-water laminated in the upper part of the succession.

Thickness: 30-40 m (30-40 m)

Platy Dolomite (Ca3) — brown-gray dolomites and clays. The regional analysis indicates the presence of sediments
composed of dolomitic mudstones with interbedding of magnesite. They sometimes contain bivalve fauna, microfau-
na, and peloids.

Thickness: <1 m (24 m)

Grey Pelite (T3) — gray shaly claystones with an admixture of anhydrite and calcite, as well as w magnesite in the
upper part. The presence of quartz grains, as well as mollusk and brachiopod fauna has been recorded in the lower
part of the succession. The regional analysis indicates grey and dark grey mudstones and claystones with sandy inter-
calations in the middle and upper part of the succession.

Thickness: ~6 m (0.5-3 m)

PZ2

Screening Anhydrite (A2r) — gray anhydrite laminated with clays.
Thickness: ~1 m (1-4 m)

Screening Older Halite (Na2r) — white, whitish and orange rock salt, coarse and medium crystalline, streaked and
laminated with anhydrite with an admixture of clays, sometimes massive with dispersed anhydrite and secondary
polyhalite. Major minerals include halite, anhydrite, clay minerals, sylvinite, and secondary kieserite, and polyhalite.
Thickness: 1-3 m (2-10 m)

Transitional deposits Na2+K2 and Older Potash (K2) — Potassium-bearing deposits of the PZ2 in the Ktodawa salt
diapir include the Older Potash (K2) and adjacent transitional deposits of the Na2+K2 with K-Mg concentrations of
chloride salts. The thickness of these units is estimated at 11-7 m, including transitional deposits of about 5 m thick.
The Na2+Kz2 transition beds, which smoothly passes into the Older Halite (Na2), consist of whitish-gray coarse crys-
talline rock salt with admixtures of clays, laminated with anhydrite. In the topmost part they contain concentrations
and more or less regular overgrowths of K-Mg salts, dominated by kieserite, polyhalite, carnalite, and sylvinite. In
contrast, the Older Potash (K2) unit is composed of anhydrite-sylvinite-polyhalite potassium salt, which in the lower
part contains admixtures of carnalite and kieserite as well as langbeinite, bischofite, and kainite. Regional analysis
indicates an accumulation of 600-800 m thick chloride sediments in the central part of the basin.

Thickness: transitional deposits Na2+K2 ~5 m, Older Potash ~6-12 m (several-120 m)

Older Halite (Na2) — white and whitish coarse- and medium-crystalline (locally fine-crystalline) rock salt with
lenses of secondary crystal salt. This salt is streaked and laminated with anhydrite and clays, with laminae up to sev-
eral millimeters thick in 5-40 cm intervals, forming salt-anhydrite rhythms. Medium-crystalline salt dominates in the
lower part of the succession, while the upper part is dominated by fairly pure coarse- to medium-crystalline, white,
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and whitish to bluish salt. The observed lamination in the marginal zone of the diapir is plastically deformed, forming
systems of folds of different size. In the lower part of the succession, the salt is more strongly tectonically involved
and differentiated: coarse-crystalline, centimeter-thick anhydrite-salt overgrowths with a black-gray clays appear
here. Numerous systems of salt fractures are scarred by epigenetic polyhalite, while at the top of the succession, in
tectonically disturbed parts, the clusters of blue halite appear, sometimes accompanied by sylvinite. The thickness of
the salt succession was estimated at 300 m. The main minerals are halite, anhydrite, and clay minerals.

Thickness: ~300 m (600-800 m including Na2, Na2+K2 and K2)

Basal Anhydrite (A2) — gray anhydrite laminated with clays, which is often a collector for gases and liquids and
most often occurs in the form of tectonic xenoliths in rock salt complexes. Regional analysis indicates the presence
of deep-water layered and laminated anhydrites originated in the central parts of evaporite basin.

Thickness: up to 20 m (2—-4 m)

Main Dolomite (Ca2) — mainly bituminous marly claystones occurring as xenoliths within the rock salt complexes.
Occasionally, beige-gray, weakly streaked dolomites can be observed. The regional analyses indicate the presence of
stromatolite boundstones and bioclastic packstones in the lower part, and wackstones with intercalations of shales in
the upper part of succession.

Thickness: 0.3—several m (~5 m)

Shale (T2) — densely laminated gray dolomitic shale, rich in gaseous and liquid bitumen, usually occurring as xeno-
liths in rock salt complexes.

Thickness: 1-3.7 m

PZ1
Upper Anhydrite (Alg) — anhydrite laminated with clays, locally visible horizontal to smudge and nodular lamina-
tion.
Thickness: 1.3-20 m (~50 m)
Oldest Halite (Nal) — brownish-gray and honey-yellow fine crystalline rock salt (base), white and cream medium to
coarse crystalline at the top.
Thickness: 300-315 m (over a dozen to 50 m)
Lower Anhydrite (Ald) — gray spartite and micrite anhydrite. Regional analyses indicate relatively thin lower part
made up of shallow-water anhydrites with pearly and mosaic structures, whereas the upper part — of deep-water sed-
iments — is irregularly layered and regularly laminated.
Thickness: Approx. 30 m (30-70 m)
Zechstein Limestone (Cal) — brownish-gray carbonate rocks. Regional analyses indicate micrite-sparite limestone
in the lower part of the succession and oncolite-stromatolite limestone in the upper part (basin-plain facies).
Thickness: 1-3 m (5-10 m)
Kuperschiefer (T1) — dark gray siltstone, claystone, and marls, highly fractured and locally with Fe-sulphides. Re-
gional analyses indicate grayish, calcareous shale, with copper, lead, and zinc sulfides.
Thickness: > 1 m (0.3-0.6 m)

Tab. 2.1. Stratigraphy, lithology and thickness of Zechstein lithostratigraphic units in the Ktodawa salt diapir and vicin-
ity of the Koto tender area (based on: Wagner, 1995; Tomassi-Morawiec i in., 2008, 2009, 2019; Misiek, 1997;
Oszczepalski and Rydzewski, 1987, 1991; Peryt and Antonowicz, 1990; Burliga et al., 1995; Czapowski and Tomassi-
Morawiec, 2018; Hanczke, 1969; Charysz, 1973; Werner, 1972; Debski et al. 1989). Thickness is given based on obser-

vations from the Ktodawa salt diapir and from regional study (in brackets) .
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2.2.4. TRIASSIC

Distribution and thickness

The Triassic deposits in the Kolo tender area
were recognized in three wells:

e Augustynowo 1: 203.5-300.00 m,

e Koto GT-1: 3876.5-3905.0 m,

e Przybylow 1: 2766.5-3855.0 m.
The variable thicknesses of Triassic sediments
in the tender area are closely related to halotec-
tonics. The greatest thickness was recorded on
the eastern side of the Klodawa diapir zone,
where they can exceed 1500 m. Increased
thickness of Triassic rocks exceeding 1000 m is
also present in the Ponetow-Wartkowice zone.
On the other hand, in close vicinity and above
the Ktodawa diaper, the Triassic thickness var-
ies from 0 to over 200 m.

Lithology and stratigraphy

The most complete succession of the Triassic
sediments in the Koto tender area was recog-
nized in the Przybyléw 1 wells, situated close
to the SW margin of the area. The following
lithostratigraphic units are present: Bunter
Sandstone (with a thickness of 137.0 m),
Muschelkalk (416.0 m), and Keuper (535.5
m).

Bunter Sandstone

The Bunter Sandstone sediments were depos-
ited in a shallow marine epicontinental basin
that was periodically transformed into an ex-
tensive, episodic salt lake. During the periods
of calm water stagnation, sedimentation of
evaporite complexes and gypsum-anhydrite
deposits occurred. During transgressions, on
the other hand, clastic and carbonate rocks
were developed. The Triassic succession in
the southern part of the area begins with
brown-red, grey, or grey-green siltstones and
claystones with possible intercalations of cal-
careous/shaly sandstones of the Lower and
Middle Bunter Sandstone. The upper part is
dominated by red mudstones with possible
intercalations of fine-grained sandstones and
calcareous/dolomitic sandstones belonging to
the Upper Bunter Sandstone (R6t). The up-
permost part of this interval is dominated by
dolomitic mudstones with anhydrite and dark
gray marls intercalations. In the southeastern
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part of the area, the Upper ROt is character-
ized by a predominance of the carbonate
rocks (marly and nodular limestones) with
subordinate clay and calcareous rock interca-
lations, making the smooth transition with the
overlying Muschelkalk deposits.

Muschelkalk

The deposition of the Muschelkalk took place
in the extensive shallow-marine epicontinen-
tal basin, mainly in the sublittoral zone (Si-
korska-Jaworowska and Jaworowski, 1997).
The Muschelkalk deposits in the study area
are dominated by fine crystalline, dolomitic,
marly, and nodular limestones intercalated
with dark, marly, grey/brown claystones. Less
common are calcareous sandstones (SW) or
sandstones with concentrations of anhydrite
(SE).

Keuper

The Keuper sediments were deposited in an
extensive shallow (lagoon-like) continental
basin, as a residual Muschelkalk basin. Sedi-
mentation of the Lower Gypsum Beds was
followed by intensive development of river
channels system and deltas of the Reed Sand-
stone. The subsequent change of climate to
hot and dry caused a decrease in sedimenta-
tion rate. The Upper Gypsum Beds were dom-
inated by floodplain sediments with a system
of small rivers and periodic lakes. The up-
permost Triassic was characterized by fresh-
water and brackish sedimentation with
a slight influence of marine environments in
a humid climate.

The Lower Keuper Formation in the
Przybylow 1 well is characterized by dark
grey micaceous siltstones with plant detritus
and thin intercalations of sandy and carbonate
rocks. The lower Keuper is overlied by the
Lower Gypsum Beds of dark grey and brown-
ish-grey siltstones and mudstones interlayered
with anhydrite and gypsum beds. Above the
Reed Sandstone appears, dominated by fine-
grained sandstones of greenish color or its
clayey equivalents. The uppermost part of the
succession is developed as greenish fine-
grained rocks (mudstones and claystones)
with gypsum and anhydrite of the Upper Gyp-
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sum Beds. Above, brownish-red mudstones
and claystones with minor intercalations of
medium-grained sandstones and conglomer-
ates occur.

Petroleum prospects

A potential for hydrocarbon occurrences in
the Triassic deposits in the Koto tender area is
related to the Reed Sandstone unit, in which
gas shows were observed. This unit is com-
posed of sandstones with high quartz content
(quartz arenites, sublithic and subarcosic).
The Reed Sandstone deposits originated in the
sandy river channels and lake environments in
the area of an extensive floodplain. It is diffi-
cult to determin where sandstones dominate
over the fine-grained rocks without advanced
3D seismic methods. The thickness of the
Reed Sandstone rocks in the Koto tender area
can exceed 100 m. They often show favoura-
ble reservoir properties as a result of second-
ary porosity produced by diagenetic dissolu-
tion of rock components, mainly feldspars,
lithic grains, and quartz (Maliszewska, 1999).

2.2.5. JURASSIC

Distribution and thickness

Jurassic formations were recognized in 13
wells within the Koto tender area:

e Banachéw IG-1: 2492.0-3403.0 m,
Dtugie K-68: 120.8-627.0 m,
Izbica Kujawska K-67: 151.2-310.1 m,
Klodawa 66: 120.0-500.7 m,
Klodawa 71: 99.0-118.0 m,
Koto GT-1: 2935.0-3876.5 m,
Koto 1G-3: 2008.0-3156.2 m,
Marcjanowo K-33: 292.0-334.7 m,
Pagorki IG-1: 1295.0-1562.1 m,
Podtymien K-69: 173.7-412.0 m,
Pongetoéw 1: 2013.5-3007.0 m,
Pongtow 2,

e Przybylow 1: 1962.0-2766.5 m.
The Koto tender area is located on the border
between the £.6dZ Trough and Kuyavian Swell.
These areas had a different geological history
in the Jurassic period. The L6dz Basin was
located within the so-called Wielkopolska
Hump (Dadlez and Franczyk, 1976), which is
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In addition, increased porosities may also
occur sporadically in the sandy rocks of the
Bunter Sandstone.

The source rocks for hydrocarbons trapped
in the Triassic deposits in Western Europe are
generally sub-Permian formations: hydrocar-
bons migrated through fault zones or with
Permian salts during its halotectonic activity.
In the diapir surroundings, the migration of
hydrocarbons may also have passed from
younger, Jurassic organic-rich sediments to
uplifted Triassic sandstones. Such an example
is the Thonse deposit in Germany. Other ex-
amples of oil and gas fields in Triassic for-
mations in Western Europe include the
Caister deposit in Great Britain, the De Wijk
and F15-A deposits in the Netherlands, and
the Rehden field in Germany (Doornenbal
and Stevenson, 2010; Kilhams et al., 2018).
Potential accumulations may be sealed by
clays and evaporites occurring within the Tri-
assic succession. The presence of fault zones
and active salt tectonics could also lead to the
formation of combined traps.

characterized by the absence of older Lower
Jurassic sediments (Hettangian, Sinemurian),
and a strongly reduced profile of the younger
Lower Jurassic (Pliensbachian and Toarcian,
which is locally absent), as well as by the
absence of the oldest Middle Jurassic. Only the
Upper Jurassic in this area shows a complete
stratigraphic  succession  with  significant
thickness. The NE border of the Wielkopolska
Hump runs to the SW from Kolo IG-3,
Ponetow 2, Ponetéw 1, and Racice 2 wells. The
area of the Kuyavian Swell, on the other hand,
was strongly subsiding in the Lower and
Middle Jurassic, which caused that the
succession is complete and its thickness is
significant.

The current Jurassic thickness is strongly
differentiated in the Koto tender area. In the
close vicinity of the Klodawa diaper, the
Jurassic sediments are absent (Izbica Kujawska
K70, lzbica Kujawska K-37, Izbica 2 and
Augustynowo 1) or only small thickness from
19 to 238.3 m is observed (Podtymien K-69,
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Marcjanowo K-33, Klodawa 71 and lzbica
Kujawska K-67). This reduction is related to
erosion of Cretaceous and Jurassic strata during
Klodawa salt diapir formation and later
inversion of the Mid-Polish Through.

The highest Jurassic thickness was recorded
in Koto IG-3, Ponetow 1, Przybytow 1, and
Banachow 1G-1 wells (Leszczynski, 2000). In
this zone the Lower and Middle Jurassic
sediments have different thickness as a result of
the activity of synsedimentary faults and salt
uplift movements within salt pillows (Feldman-
Olszewska 20123, b).

In addition, significant Jurassic thicknesses
occur to the northeast of the Ktodawa diapir
zone and increase toward the axial part of the
Kuyavian Swell.

Lithology and stratigraphy

Lower Jurassic
The Lower Jurassic is mainly represented by
the Pliensbachian, with the Toarcian in some
places. The thickness of the Lower Jurassic
ranges from several tens of meters in the area
of the Wielkopolska Hump (Przybyléw 1) to
900 m on the NE side of the Ktodawa diapir,
with an increasing trend towards the NE, to-
wards the axis of the Kuyavian Swell.
According to Pienkowski (2004) the Lower
Jurassic was divided into the following for-
mations belonging to the Kamienna Group:
Zagaje, Sktoby, Ostrowiec, Gielniéw, Drze-
wica, Ciechocinek, and Borucice. The total
thickness of the Kamienna Group is up to
1400.0 m in the central part of the Mid-Polish
Anticlinorium (Deczkowski and Franczyk,
1988; Feldman-Olszewska, 1998). Its lower
boundary is determined by the erosional sur-
face preceding the deposition of Jurassic
rocks. The upper boundary of the Lower Ju-
rassic succession in the area of the Kuyavian
Swell is transitional to the Middle Jurassic
rocks, whereas in the area of the Wielkopol-
ska Hump it is determined by an another ero-
sional surface.

Hettangian-Sinemurian

The Zagaje Formation is characterized by the
occurrence of rocks of fluvial genesis. This
includes sandstones with excellent reservoir
properties and mudstones with coal intercala-
tions of fluvial plain and lacustrine genesis.
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The thickness of the Zagaje Formation in the
Koto tender area and its neighbourhood is
several tens of meters and even sometimes
exceeds 100 m.

In the middle and upper Hettangian, the
rocks of the fluvial genesis of the Zagaje
Formation are replaced by transgressive sed-
iments of the Skloby Formation, which is
dominated by well-sorted sandstones (quartz
arenites) with common horizontal and cross-
bedding  including  hummocky  cross-
stratification. In addition, heteroliths with
numerous trace fossils also occur in the
Sktoby Formation. Genetically, these deposits
represent coastal, deltaic, and/or lagoon envi-
ronments. The lower boundary of the for-
mation is defined by a transgressive surface,
while the upper one is washed out by sedi-
ments of fluvial genesis. In the Sinemurian,
the Sktoby Formation is replaced by the Os-
trowiec Formation, consisting of gray and
light gray sandstones (quartz arenites) with
numerous intercalations of mudstones and
dark gray claystones with plant detritus. The
Ostrowiec Formation is characterized by the
occurrence of numerous cross-beddings and
trace fossils typical for a coastal marine depo-
sitional environment. Three packages of sed-
iments of deltaic or fluvial origin can be ob-
served within the formation (Pienkowski,
2004; Feldman-Olszewska, 2008a).

Pliensbachian

The Lower Pliensbachian in the Polish Low-
lands is included into the Gielniow and Lobez
Formations. The Gielniow Formation contains
heteroliths, mudstones, and layered sand-
stones with plant fragments. Various trace
fossils and bivalve shells are found. Shallow
marine and deltaic areas are considered to be
the depositional environments of the for-
mation. Above, in western Poland, the Lobez
Formation occurs, which is represented by
dark gray mudstones with scattered pyrite and
heteroliths with a high proportion of mud. In
addition, numerous trace fossils and marine
fauna including ammonites occur within the
formation (Pienkowski, 2004).

The Upper Pliensbachian is represented by
the Drzewica Formation. Its thickness ranges
from 33.0 m in the Banachow 1G-1 well to as
much as 189.5 m in the Brzes¢ Kujawski 1G-
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2, located NE of the tender area boundary.
The thickness of the Drzewica Formation in-
creases to the east of the Ktodawa salt diapir.
The dominant lithofacies are sandstones with
cross-bedding, intercalated with heteroliths
and mudstones. Numerous trace fossils, plant
fragments, and roots occur within the rocks
(Pienkowski, 2004; Feldman-Olszewska,
2008a).

Toarcian

The Middle Toarcian in the Koto tender area
is represented by the Ciechocinek Formation,
while the Middle and Upper Toarcian — by the
Borucice Formation. The Ciechocinek For-
mation is composed of gray-green heteroliths,
mudstones, and claystones with subordinate
intercalations of fine-grained sandstones and
siltstones. A high chlorite content brings
characteristic green color of rocks (Pienkow-
ski, 2004). Trace fossils and charred plant
detritus can be found within the formation,
which are deposited in a shallow brackish bay
environment. The Borucice Formation, on the
other hand, is characterized by the occurrence
of medium- to coarse-grained sandstones with
common remains of charred plants and root
structures. Genetically, the sandstones are
classified as rocks of fluvial (meandering
and/or braided) or deltaic origin.

Middle Jurassic
The Middle Jurassic thickness ranges from
105.0 m to 311.0 m in the southwestern part
of the tender area. Between the Klodawa Dia-
pir and the Ponetow-Wartkowice Anticline,
an incomplete succession of the Upper Bajo-
cian—Callovian is  present  (Feldman-
Olszewska 2012b). In the Ponegtow-
Wartkowice Anticline, the Middle Jurassic is
complete. The variation in thickness and pres-
ence of stratigraphic gaps are caused by
strong synsedimentary tectonics in this area,
superimposed by salt movements (Dadlez and
Franczyk, 1976; Dadlez, 1997; Marek, 1997).
To the NE of the Klodawa Salt Diapir, the
Middle Jurassic succession is complete and its
thicknesses increase towards the Kutno de-
pression (Feldman-Olszewska, 1997a, b).
Sedimentation of the Middle Jurassic took
place in the epicontinental basin, where sev-
eral transgressive-regressive cycles were ob-
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served (Feldman-Olszewska, 1997a, b). Dur-
ing transgressions, sedimentation of deep
shelf mudstones occurred. On the other hand,
shallowing of the basin was marked by depo-
sition of sandy rocks and heteroliths. Their
age is precisely determined by ammonites and
foraminifers. There are no lithostratigraphic
subdivisions for the Middle Jurassic in central
Poland.

Aalenian and Bajocian

Deposition of the Middle Jurassic in central
Poland took place in the area of an extensive
epicontinental sea (Dayczak-Calikowska and
Moryc, 1988; Feldman-Olszewska, 1997a, b).
The Lower Aalenian is dominated by fine-
grained sandstones with coals formed in the
shallow zone of the siliciclastic shelf or with-
in the estuary (Feldman-Olszewska, 1997a, b,
2008b, 2012b). They are mostly quartz are-
nites  with low textural maturity
(Maliszewska, 1999), characterized by poor
sorting. Among diagenetic processes, the ef-
fects of slight quartz cementation and kaolin-
ite are visible. Ankerite dominates among the
carbonate minerals.

The upper Aalenian is developed as dark
mudstones and heterolithic rocks formed in
a shallow marine basin (Dayczak-Calikowska,
1990), which was a deeper, anoxic zone of the
siliciclastic ~ shelf  (Feldman-Olszewska,
1997a, b). Rocks of this age are generally
poor in carbonates.

In the central zone of the Kuyavian Swell,
the lower Bajocian is represented by hetero-
liths and fine-grained sandstones deposited in
the nearshore zone of the shallow epiconti-
nental basin (Dayczak-Calikowska 1990,
Feldman-Olszewska, 2012b). The Upper Ba-
jocian forms a thick complex composed of
mudstones, claystones, and  mudstone-
sandstone heteroliths, with siderite concre-
tions and abundant bivalve and ammonite
fauna. These formations were deposited in the
anoxic shelf zone. Siderite mudstones and
clayey siderites with fauna are also recorded
in some places (Maliszewska, 1999). In the
uppermost Upper Bajocian, mudstone and
sandstone formations deposited in the off-
shore environment of the marine epicontinen-
tal basin are present.
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Batonian and Callovian

The Lower Bathonian is represented by mud-
stones and claystones, with concretions and
siderite horizons, as in the Upper Bajocian
deposited in the deeper marine basin zone
(offshore). The Middle and Upper Bajocian is
dominated by rocks that are more sandy com-
pared to the lower Middle Jurassic sediments.
Sometimes conglomerate intercalations ap-
pear.

In the lower Callovian, on the other hand,
sandstones and calcareous sandstones with
bivalves and belemnites were deposited. The
Middle and Upper Callovian is developed in
the form of the so-called nodular layer, which
IS a stratigraphic condensation level several
tens of centimeters thick (Dayczak-
Calikowska and Moryc, 1988).

Upper Jurassic

In the Kolo tender area, the Upper Jurassic
was recognized in 7 wells. Its thickness is
several hundreds of meters. The succession is
often complete. Only in the vicinity of the
Ktodawa Salt Diapir it is reduced or not clear-
ly recognized. The Upper Jurassic succession
begins with the Oxfordian. Carbonate rocks of
this age were formed in a shallow epiconti-
nental basin of varied subsidence. In the
Kuyavian Swell, Dembowska (1979) and
Niemczycka (1997) distinguished several
formations typical for this region.

Oxfordian

The lowest Oxfordian in the Koto tender area
is represented by marly and calcareous-marly
rocks with clay/sandy intercalations of spon-
gy-limestone (I) and limestone-marly (II)
formation (Dembowska, 1990; Gazdzicka,
2012). The spongy-limestone is represented
by spongy and spongy-bryozoan bundstones,
rudstones, and floatstones with sponges, and
spongy mudstones and packstones
(Maliszewska, 1999). In the lower part of the
succession, a dolomitized layers occur, whose
thickness varies from 5 to 100 m. In places,
cherts and flints are present within the series,
resulting from the silicification of carbonate
sediments. The source of silica was most like-
ly secondary — dissolved, siliceous sponge
spicules. The variation in diagenetic processes
indicates a multi-stage process, which Radlicz
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(1972) described as dolomitization interrupted
by silicification. Locally, clusters of anhy-
drite, fluorite, halite, and sulfides were found
(Maliszewska, 1999). This facies gradually
pass into the Middle Oxfordian limestone-
marly formation. It is mainly composed of
nodular and oncoid floatstones and rudstones
in the marly matrix and marly shales (mud-
stones, packstones and wackstones; Radlicz,
1997, 2008). The Upper Oxfordian in the
Koto tender area, on the other hand, is devel-
oped mainly as oolitic formation. This for-
mation, according to Niemczycka (1997),
overlaps with the coral formation. Both for-
mations are characterized by a high content of
calcium carbonate and
a great diversity of lithofacies. They include
coral-spongy, oncoid, conchoidal, intraclastic
and nodular rudstones and floatstones. Bio-
clastic grainstones and packstones with algal
mats and coral-sponge bundstones are also
found in places. Several oncoid-bioclastic
horizons are also present within the series.
For the hydrocarbon exploration, the most
prospective is the microfacies of ooid and
peloid grainstones and packstones, which ex-
hibit porosity of 10-20% resulting from the
dissolution of granular components and/or
fracturing (Maliszewska, 1999).

Kimmeridgian and Tihtonian

The Kimmeridgian and Tithonian in the Koto
tender area are represented by rocks of the
calcareous-marly-conchoidal formation and
the Patuki and Kcynia Formations, within
which the boundary between the Tithonian
and the Lower Berriasian runs. The calcare-
ous-marly-conchoidal formation in the Kuya-
vian Swell is represented by mudstones and
wackestones with intercalations of conchoidal
and intraclastic floatstones and rudstones, the
origin of which is correlated with halotectonic
impulses occurring within the area (Dravis
and Yurewicz, 1985; Pierson, 1981). The fine
clastic inserts are primarily bioclastic-
siltstone packstones with glauconite. Porosity
ranges from 1 to 4%. Towards the top, this
series pass into the Patuki Formation, devel-
oped as mudstones, marly mudstones, and
marls (Dembowska, 1979), which in places
show higher organic matter contents (up to
9.2% TOC; Wierzbowski and Wierzbowski,
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2019). The youngest Kcynia Formation was
separated into 3 members. The oldest mem-
ber, the corbuloid limestone, is built of car-
bonate rocks composed of mudstones, wack-
stones, and peloidal and bioclastic packstones.
The Wieniec Member is a dolomitic-anhydrite
series with interbeds of mudstones, wack-
stones and packstones with ostracodas. In
contrast, the Skotniki Member is represented
by clay-marly rocks composed of mudstones
and wackstones with intercalations of pack-
stones, floatstones, and rudstones with ostra-
cods and bivalves (Maliszewska, 1999).

Petroleum prospectives

The greatest reservoir potential in the Koto
tender area is represented by Lower Jurassic
sandstones (Zagaje, Skloby, Ostrowiec,
Drzewica, and Borucice Formations) and
Middle Jurassic sandstones (Lower Aalenian,
Lower Bajocian). Their textural maturity de-
creases to the top of the succession
(Krystkiewicz, 1996). The Lower and Middle
Jurassic, despite being deeply buried, are
characterized by high porosity and permeabil-
ity, which has been preserved by authigenic
quartz mineralization formed during eodia-
genesis  (Maliszewska, 1999). Syntaxial
quartz overgrowths stiffened the grain frame-
work and prevented more intense compaction
during later mesodiagenesis. Only fine-
grained sandstones may have been fully ce-
mented, which may resulted in significant or
complete porosity reduction. Destruction of
reservoir properties of the Jurassic sandstones

2.2.6. CRETACEQOUS

Distribution and thickness

In the Koto tender area Cretaceous rocks were
recognized in 12 boreholes:

Augustynowo 1: 123.0-203.0 m,
Banachow 1G-1: 22.0-2492.0 m,
Bolestaw-1: 82.0-1550.0 m,

Gopto GEO9: 85.0-751.5 m,

Gopto GEO10: 78.0-507.1 m,

Koto GT-1: 30.0-2935.0 m,

Koto 1G-3: 45.0-2085.0 m,

Pagorki IG-1: 86.4-1295.0 m,
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may have been influenced by fibrous illite
formed during meso- and telodiagenesis dur-
ing the intrusion of meteoric waters. Kaolin-
ite, on the other hand, formed from the disso-
lution of feldspars may have caused second-
ary microporosity. In addition, favorable res-
ervoir properties are also exhibited by the
Upper Jurassic limestones, in which processes
such as cementation, corrosion, dissolution,
dolomitization, dedolomitization, stylolithiza-
tion, and fracturing may have led to the for-
mation of secondary porosity within the car-
bonate rocks.

The Jurassic fine-grained rocks, as well as the
Middle and Upper Jurassic carbonates have
also hydrocarbon generation potential. Results
of Ro thermal maturity (vitrinite reflectance)
analyses indicate that Middle and Upper Ju-
rassic formations are characterized by Ro pa-
rameter values corresponding to the oil win-
dow (0.6 <R0<=1.1%). On the other hand,
new TOC results (Wierzbowski and Wierz-
bowski, 2019) indicate the Patuki Formation
as source rocks, in which TOC values reach
an average of 2.5% for the lower and middle
parts of the formation. The Jurassic rocks
show various degree of thermal maturity from
low in the Upper Jurassic (Kosakowski et al.,
2015; Wierzbowski and Wierzbowski, 2019)
to medium in the Middle Jurassic shales
(Kosakowski et al., 2015), which means that
they may have been a source of hydrocarbons,
especially in the most buried parts of the ba-
sin.

Ponetow-1: 47.0-2013.5 m,

Ponetow-2,

Przybytow-1: 33.5-1887.0 m,

e  Wrzaca IGH-1: 65.0-2934.8 m.

The thickness of Cretaceous rocks is generally
high in synclines and ranges from 1208.6 m
(Pagorki IG-1) to 2905.0 m (Koto GT-1). In the
eastern part, in the Mid-Polish Anticlinorium,
the Cretaceous wedges out. No Cretaceous
rocks occur in the lIzbica-Ktodawa salt struc-
ture, as well. The thickness of the Cretaceous in
the Koto tender area is huge in relation to the
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other part of the Polish Lowlands (Jaskowiak-
Schoeneichowa, 1977; Leszczynski, 2002,
2012), exceeding probably up to 3000 m in
synclines. The Lower Cretaceous thickness
varies from 187.0 m (Przybytow-1) to 402.0 m
(Koto GT-1), while the Upper series is from
826.6 m (Pagorki IG-1) to 2503.0 m (Koto
GT-1).

Lithology and stratigraphy

Lower Cretaceous
All Lower Cretaceous stages from the Berri-
asian to the Albian have been distinguished in
the Koto tender area. The Lower Berriasian is
represented by the Kcynia Formation. It is
composed of the Purbeck facies and divided
into the Wieniec Member, built of or-
ganodetritic limestones with gypsum and an-
hydrite intercalations, and the Skotniki Mem-
ber of marly mudstones with lumachelles
(Dembowska, 1979; Marek and Raczynska,
1979). In the Upper Berriasian the Kajetanow
Member of the Kcynia Formation, and the
lower part of the Rogozno Formation
(Zakrzew Member and lower part of the
Opoczki Member) have been distinguished.
The Kajetanow Formation is composed of
dark gray laminated mudstones and marly
mudstones with shell-rich intercalations pass-
ing into sandstones with intercalations of
mudstones, and organodetritic sandy and dol-
omitic limestones. Mudstone layers predomi-
nate in the upper part of the succession.
Above them, there is a sandstone-mudstone
complex that can be identified as the Zakrzew
Member. In the Gopto area (northern part of
the tender area), laminated calcareous-
dolomitic sandstones and mudstones occur,
often with bioturbation and chamosite-siderite
and microsparite ooids. Above, a complex of
dark, almost black claystones and mudstones
(Opoczki Member) appears. A characteristic
feature of this member is the occurrence of
siderite concretions and shale intercalations.

Within the Lower Valanginian two distinct
lithofacies occur: the lower one — dark grey
and black claystones and mudstones of the
Opoczki Member of the RogoZzno Formation,
and the upper one — sandy lithofacies — of the
Bodzanéw Formation.

The Upper Valanginian (Wloctawek For-
mation, Wierzchostawice Member) is com-
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posed of dark grey (often sandy) claystones
and siltstones.

The Lower Hauterivian (Wtoctawek For-
mation, Gniewkoéw Member) is formed by a
complex of mudstones and claystones with
concentrations of Fe-ooids and intercalations
of very fine-grained sandstones.

The Upper Hauterivian (Wloclawek For-
mation, Zychlin Member) includes two litho-
logical complexes: the lower one — sandy
complex and the upper one — mudstone and
claystone complex. The lower complex is
composed of fine- to coarse-grained, grey
quartz sandstones. lron hydroxide impregna-
tions are common. In the Banachéw 1G-1 and
Koto 1G-3 wells, gray-green glauconitic-
chamosite sandstones were found. The upper
complex is dominated by gray to black clay-
stone-mudstone sediments, sometimes with
shales and spherosiderites. In the Pagorki
IG-1 well there are also levels of oolitic ores
(Osika, 1959; Raczynska, 1961).

Above the claystone and mudstone sedi-
ments attributed to the Upper Hauterivian,
a complex of Barremian—-Middle Albian
sandy sediments occurs. This is the Mogilno
Formation, which is divided into 3 members:
Pagorki (Barremian), Gopto (Aptian), and
Kruszwica (Lower and Middle Albian). The
Pagorki Member is composed of whitish and
gray very fine-grained sandstones with inter-
calations of sandy and muddy heteroliths and
numerous fragments of charred and some-
times pyritized flora/wood remains. The Go-
pto Member has mudstone-sandstone sedi-
ments. The Kruszwice Member is rather mo-
notonous series of light gray and grayish-
green calcareous to non-calcareous sandstones
with horizons of gravels, sometimes con-
glomerates. A significant proportion of coarse
clastic sediments is a characteristic feature of
this member. Glauconite and charred detritus
are generally abundant. The thickness of the
Kruszwice Member is significant and general-
ly exceed 100 m.

The lower part of the Upper Albian is rep-
resented by (up to 1 m) grey-green quartz-
glauconite  sandstones  with clay or
marly/phosphate matrix and phosphate con-
cretions. Above, there is a marly-clayey se-
ries, followed by the marly series with lime-
stone interbeds. The Upper Albian/Ceno-
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manian boundary coincides with the sharp
marl/limestone lithological boundary.

The stratigraphy of the Lower Cretaceous in
Central Poland is shown in the table below
(Tab 2.2).

Litostratigraphy
Chronostratigraphy (Marek and Raczynska, 1979;
Wagner et al., 2008)
Upper
Albian Lower- Kruszwica Member
Middle Mogilno FM
Aptian 9 Gopto Member
Barremian Pagorki Member
. Upper Zychlin Member
Hauterivian Lower Wioctawek Gniewkoéw Member
Ubper FM Wierzchostawice
PP Member
Valanginian Bodzanow
Lower FM
Opoczki Member
Rogozno FM
Zakrzew Member
Upper _
Kajetanow Member
L Middle
Berriasian i s
Kcynia FM Skotniki Member
Lower
Wieniec Member

Tab. 2.2. Lower Cretaceous stratigraphy in Central
Poland.

Upper Cretaceous

No lithostratigraphic units were distinguished
in the Upper Cretaceous. According to the
chronostratigraphic subdivision (Jaskowiak-
Schoeneichowa, 1977), the Upper Cretaceous
is represented by all the stages from the
Cenomanian to the Maastrichtian.

Limestone and marly limestones predomi-
nate in the Cenomanian. The Turonian and
Lower Coniacian is an interval of great litho-
logical diversity and significant thickness.
Two main lithological complexes can be dis-
tinguished:

e lower complex — marly-limestone with
characteristic layer of almost black marly
claystones at the bottom;

e upper complex — marly-opokas.

The Upper Coniacian is formed by a homoge-
neous carbonate-silicaceous complex. The
Santonian is also dominated by carbonate-
silicaceous facies with marls and marly lime-
stone intercalations. In the eastern part, near
the Ktodawa Salt Diapir, in the Upper Santo-
nian sandstones (found in the Koto 1G-3 well)
have significant thickness (Leszczynski,
1990, 1997, 2000). They are represented by
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very fine- to coarse-grained quartz wackes.
Graded bedding is common. Bimodal grain
size distribution is sometimes observed, espe-
cially in coarse-grained facies. Sandstones are
interlayered with silicaceous carbonates,
sandy silicaceous carbonates, sometimes
mudstones or marly claystones and marls.

In the Campanian and Maastrichtian, sili-
caceous carbonates predominate. In the Cam-
panian the transition into marls and marly
limestones is visible. Locally, intercalations
of porous calcareous gaizes appear. The
Campanian has the greatest thickness among
all the Upper Cretaceous stages.

The Maastrichtian rocks are similar. They
are locally interlayered with porous calcare-
ous gaizes and sandy gaizes (e.g. Koto 1G-3).
They occur in the lower and upper part of the
Maastrichtian succession. The middle part is
dominated by silicaceous carbonates. Due to
the post-Cretaceous erosion, the Maastrichtian
is usually reduced.

Depositional environments

The following Cretaceous depositional sys-
tems and environments have been distin-
guished in the Koto tender area (Leszczynski,
2002):

e marine environment: siliciclastic shelf
system (Lower Cretaceous) with two sub-
systems — shallower siliciclastic shelf and
deeper siliciclastic shelf; carbonate-
clastic shelf system (deeper part of the
shelf, lower Upper Albian); open basin
carbonate system (deeper carbonate shelf,
mainly in the Cenomanian and Turonian);
open basin carbonate-siliciclastic system
(silicaceous carbonates and geizes litho-
facies); open basin siliciclastic system
(dark claystones in the base of the Tu-
ronian); submarine turbidite system of
basin floor fans (Santonian);

e transitional environment: deltaic system
(Bodzanéw Formation, part of Zychlin
and Gniewkoéw Members, possibly part
of Pagorki Member);

o terrestrial environment: alluvial plain sys-
tem (part of Pagérki Member).
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Petroleum prospects

The Lower Cretaceous clastic rocks have the
greatest hydrocarbon potential within the Cre-
taceous succession in the Koto tender area.
They are mainly represented by mostly fine-
grained sandstones with a high quartz content
(arenites and quartz wakes). In general, the
Cretaceous clastic rocks show favourable
petrophysical properties. They are related to
both the kaolinitization process and dissolu-
tion of some components of the grain frame-
work, leading to the formation of secondary

2.2.7. CENOZOIC

Distribution and thickness

The Paleogene (Paleocene, Eocene, Oligo-
cene) and Neogene (Miocene) occur in the
Koto tender area. The Paleogene is represent-
ed by a weathered cover of Mesozoic succes-
sion, which was probably formed in the
Paleocene. The Neogene, which constitute the
main coal-bearing complex, is common in the
area. It includes the Miocene and (possibly)
the lowermost Pliocene. The Neogene fill
paleovalleys incised into the Cretaceous
basement. Some of these trenches have tec-
tonic assumptions. The Palaeogene and Neo-
gene succession is most complete near the
Izbica Kujawska Salt Diapir, where signifi-
cant accumulations of brown coal were devel-
oped. In the area of the Koto tender area, the
Tomistawice brown coal deposit is a subject
of exploitation.

Lithology and stratigraphy

Paleocene

In the Przedecz-Ktodawa and Degby Szla-
checkie-lzbica Kujawska areas the weathered
sub-Cenozoic basement occurs. Decalcified
marls and silicaceous-carbonates, weathered
debris with flints and residual clays of thick-
ness up to several meters can be found. The
age of these deposits is not precisely defined,
although it is most often referred to as Paleo-
cene.
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porosity and microporosity. Secondary quartz
and carbonate cementation slightly affected
reservoir properties of sandy rocks, but mini-
mized an impact of mechanical compaction
(Potonska, 1999, in: Maliszewska, 1999). The
reservoir potential of the Lower Cretaceous in
the tender area is confirmed by gas shows
observed in wells. The seal is formed by the
horizons of clayey and evaporite mudstones.
The Upper Cretaceous carbonate-silicaceous
rocks can also play a role of a potential seal
(Wojcicki et al., 2013).

Eocene

The oldest paleontologically dated Paleogene
sediments in the Koto tender belong to the
Jerzmanowice Formation of the Late Eocene
age. This formation is known from the vicini-
ty of Sompolno and Izbica Kujawska and is
represented by sandy and clayey mudstones
with sandstone intercalations. The thickness
of the Jerzmanowice Formation does not ex-
ceed several meters.

Oligocene

The Lower Oligocene is composed of green
glauconitic sands and sandy siltstones with
glauconite. They appear in the area of Izbica
Kujawska. Above, the Lower Oligocene
Czempin Formation occurs, with the bottom
part containing brown coal beds, whose
thickness ranges from 0.2 m to 7 m in the
vicinity of Klodawa. They are overlain by
a thin complex of gray fine-grained quartz-
muscovite sands with mudstone intercala-
tions. This complex, which reaches the thick-
ness of 0.5-3.1 m, occurs only in the northern
part of the region. In its upper part, there is a
compact series of gray-brown silty clays, hor-
izontally laminated by sand with a significant
admixture of muscovite. The thickness of this
series varies between 0.6 and 7.0 m. Above it,
there is a complex of very fine and fine-
grained quartz sands, gray-green in colour,
with glauconite and muscovite admixtures.
The thickness of these sediments is up to 40.0
m in the northern part of the area. They be-
long to the Upper Oligocene. The total thick-
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ness of the Paleogene is 6.0-43.4 m (20 m
average).

Miocene

The Lower Miocene occurs as the overburden
of salt diapirs in the region of Dg¢by Szla-
checkie-lzbica Kujawska. These deposits,
included into the Scinawa Formation, are de-
veloped as the fine-grained and muddy brown
quartz-muscovite sands. In the topmost part of
the Scinawa Formation, there are sporadic
thin lenses of brown coal. The Middle Mio-
cene occurs in the whole Koto area (excluding
a narrow zone of erosion), reaching the aver-
age thickness of 30-50 m. The succession in
the lower part is built of the Adaméw For-
mation, formed of grey and brown fine-
grained sands, often with an admixture of coal
dust, with thin intercalations of coarse-

2.3. HYDROGEOLOGY

According to the regional classification of
fresh groundwater, the Koto tender area is
situated on the border of two large hydrogeo-
logical units — the Kutno Region and the Mo-
gilno-L6dz-Miechow Region, as well as be-
longing to GWB 43, 47, 62 and 72. The area
is crossed by the main surface water divide
between the Odra and Vistula drainage basins,
which is also the groundwater watershed
(Figs 2.13-2.14).

In the Koto area fresh groundwater is
found within the hydrogeological system of
Quaternary, Neogene-Paleogene, Upper Cre-
taceous and Upper Jurassic multi-aquifer
complexes (Fig. 2.13). None of these com-
plexes occurs continuously throughout the
area meeting the parameters appropriate for
the main usable aquifers according to criteria
determined by the Hydrogeological Map of
Poland (MhP). The most widespread is the
Upper Cretaceous hydrogeological complex
developed in fractured limestones and marls.
However, essentials for water supply is the
Quaternary groundwater complex associated
with sandy-gravel sediments of intermoraines
and buried glacial valleys. Within, there are
tree water-bearing horizons such as shallow
unconfined groundwater horizon, and upper
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grained sands, silts, and brown coals. The
thickness of this part reaches 39.0 m in the
vicinity of Piotrkéw Kujawski. The upper part
of the Middle Miocene, and possibly also the
lowermost part of the Pliocene, is represented
by the Poznan Formation. At the bottom,
there is a lignite seam 8-12 m thick of eco-
nomic significance. This deposit locally oc-
curs in the form of two banks separated by a
sandy layer, locally there are intercalations of
fine-grained quartz sands and dark-brown
clays (less frequently muds). Above the coal
bed, a mud and clay series (Poznan Clays)
built of gray and green mud and clay with
intercalations of very fine-grained quartz
sands occurs. The thickness of the Poznan
Clays varies from 1.5 m in the Sompolno re-
gion to 16 m in the Piotrkow Kujawski area.

and deeper intermoraine horizon. The Neo-
gene-Paleogene complex represented by
sandy Miocene aquifer, is fairly well recog-
nized in the eastern and south-eastern parts of
the area, but it is relatively rarely exploited.
Jurassic water-bearing sediments, consisting
of limestone and marls, have been recognised
in the south-eastern tiny part of the area. The-
se multi-aquifer complexes are in hydraulic
contact with each other. The Koto tender area
IS a groundwater recharge area. Under natural
conditions, the drainage of ground water took
place in the valleys of rivers and lakes at least.
The natural hydrodynamic conditions have
been disturbed as a result of intensive drain-
age of the lignite open pit mines located near-
by the area. Because of shutting down some
of the pits, the groundwater table is gradually
recovering. Currently, mine drainage is car-
ried out in the Tomistawice and Drzewce.

Recognition of deeper aquifers is regional
in nature. They contain salty (mineralized)
water, the mineralization of which increases
with depth. Mineralized waters may also co-
occur with fresh water in Upper Cretaceous
and Jurassic sediments as well as in Quater-
nary aquifers in the vicinity of salt diapir
nearby Ktodawa.
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The fresh groundwater’s quality is general- cover the exploited aquifers cause medium,
ly good or average due to increase content of low or very low risk for groundwater quality.
iron, manganese and nitrogen compounds. There are about 350 hydrogeological wells
The thickness of the aquitard layers which in the Koto tender area, often out of order due

to collective water supply systems.
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3. PETROLEUM PLAY
3.1. GENERAL CHARACTERISTICS

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 pe-
troleum play and the formation of a hydrocar-
bon reservoir require a set of processes locat-
ed 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 of the Koto tender
area, as well as geochemical parameters, and
results of petrophysical studies in individual
lithostratigraphic units, allow to distinguish:
e Mesozoic conventional petroleum play
(Triassic, Jurassic, Cretaceous);
e Jurassic unconventional (shell-type) pe-
troleum play.

In addition, the existence of the Devonian/
Carboniferous/Permian petroleum play below
the Mesozoic succession should be assumed.
However, deep burial of these rocks (>5000
m) may be associated with poor petrophysical
properties of potential reservoir rocks. How-
ever, a different scenario is also possible, in
which hydrocarbons migrated from Permian
and sub-Permian strata to Mesozoic reservoirs
along discontinuities associated with the salt
diapirs or faults.
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In regional scale, in the area of the Lodz
Trough and Kuyavian Anticlinorium, the
Mesozoic strata have been buried deeper in
comparison to the neighboring areas, and had
generation potential. The Middle to Upper
Jurassic shales are regarded as potential
source rocks. Subordinately, small accumula-
tions of organic matter are also found in the
Triassic — Muschelkalk and Keuper. In addi-
tion, older source rocks within the Permian
and sub-Permian horizons may have been
another important source of hydrocarbons. As
reservoir rocks, the Triassic, Jurassic, and
Cretaceous sandstones and limestones should
be assumed.

The unconventional petroleum system is as-
sociated with Jurassic fine-grained clastic
rocks. The Middle (and partly Upper) Jurassic
shales have the greatest potential and can be
considered simultaneously as source rock,
reservoir rock, and seal rock (Zhao et al.,
2016).

In this study, all source rocks are described
together in subsection 3.2, whereas reservoir
and seal rocks are described in subsections
3.3 and 3.4, respectively. Subsection 3.5,
however, is dedicated to unconventional Ju-
rassic petroleum system. Subsection 3.6 deals
with the generation, migration, and expulsion
of hydrocarbons and examples of possible
analogues of hydrocarbon accumulations in
Western Europe.
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3.2. SOURCE ROCKS

The Middle and Upper Jurassic fine-grained
clastic rocks are the most prospective source
rocks within Mesozoic succession. In addi-
tion, sub-Zechstein horizons are considered as
potential source rocks, as well.

Carboniferous
fine-grained clastic rocks /
hard coals (hypothetically)

It is generally accepted that the gas accumu-
lated in the Rotliegend horizon was generated
from the Carboniferous source rocks (e.g.,
Kotarba et al., 1992, 1999, 2005; Kotarba and
Lewan, 2004, 2013; Karnkowski, 1999).
Analysis of the chemical and isotopic compo-
sition of the natural gas accumulated in the
Rotliegend of the Western Pomerania and
Fore-Sudetic Monocline has revealed genetic
similarity with accumulations occurring in
Carboniferous source rocks (Kotarba et al.,
1992, 1999, 2005; Kotarba and Lewan, 2004,
2013; Lokhorst, 1997). However, the Carbon-
iferous rocks in Poland are not fully compara-
ble to those that are the source for numerous
deposits in Western Europe, due to the lack of
Westphalian coal seams in the Upper Carbon-
iferous. Due to the very deep burial of Car-
boniferous rocks in the area of the £odZ Syn-
clinorium and Mid-Polish Anticlinorium, it
was not possible to recognize the facies of the
Upper Carboniferous in this area. The exist-
ence of coal seams cannot be confirmed. Nev-
ertheless, the content of organic matter in the
Lower and Upper Carboniferous is sufficient
to supply numerous hydrocarbon deposits in
the Polish Basin.
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Based on studies of organic matter in the
Kujawy and Mazovia regions, it was deter-
mined that high values of vitrinite reflectance
in the Carboniferous (Ro >= 3%) are expected
in the Koto tender area, as well (Fig. 3.1;
Botor et al., 2013). To the east, near Warsaw,
the potential of Carboniferous rocks (S1+S2)
varies from very low to excellent. The TOC
content ranges from 0.3 to 15%, but in some
samples containing charred plant remains
reaches 80% (Matyasik, 1998; Botor et al.,
2002; Pletsch et al., 2010; Botor et al., 2013).
The rocks are dominated by type Il and 1lI
kerogen, and especially type 111 humic kero-
gen in the Westphalian samples. The hydro-
gen index (HI) in the Carboniferous rocks
shows values between 11 and 620, with
a mean value of 160. Tmax, on the other
hand, oscillates around 420-455°C. In the
area of Kujawy and Mazovia, two generation
episodes of hydrocarbons from Carboniferous
rocks are distinguished (Botor et al., 2013).
The first one is marked in the Triassic and/or
Jurassic, while the next one occurred in the
Late Cretaceous. The transformation of the
kerogen varied. In the axial zone of the Mid-
Polish Through (Kro$niewice-Kutno-Lo6dz),
gas generation started already in the Early
Triassic and gradually increased until the Late
Jurassic. In less buried zones gas generation
started in the Late Triassic and reached its
maximum in the Early Jurassic, similarly to
the area of the Fore-Sudetic Monocline. At
the end of the Cretaceous, the generation of
hydrocarbons from the deepest buried Car-
boniferous rocks was already completed.
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Fig. 3.1. Vitrinite reflectance in the Carboniferous rocks in the Koto tender area (based on well data and

Botor at al., 2013).

Middle and Upper Jurassic
Lithology: calcareous and marly shales,
mudstones and claystones

No hydrocarbon fields have been found in the
region of the £odZ Anticlinorium, so far. It is
poorly recognized in terms of sub-Permian,
Permian, and Mesozoic source rocks poten-
tial.

Within the Middle and Upper Jurassic, the
black shales of Aalenian/Bajocian and Batho-
nian (Middle Jurassic), as well as Kim-
meridgian and Tithonian marly shales (Upper
Jurassic) are considered as the main source
rocks horizons. The organic matter investiga-
tion results are variable, which is most likely
caused by the variable burial history of rocks
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in different parts of the basin, as well as insuf-
ficient data. Analyses of the amount, compo-
sition, and maturity of organic matter and
bitumen from Jurassic shales are the basis for
determining their generation potential (Figs
3.2-3.3). Of particular importance are the
values of TOC, Ro, and CPI. The Jurassic
sediments reached a major phase of catagene-
sis at the end of the Cretaceous corresponding
to R0>0.65% (beginning of the oil window)
in the most deeply buried zones of the basin,
i.e., below 2500 m (Karnkowski, 1993). Such
depths of burial of potential Middle (Upper
Aalenian—Upper Bathonian) and Upper Juras-
sic (Kimmeridgian—Lower Tithonian) source
rocks are to be expected throughout the Koto
area, where the Middle Jurassic rocks are bur-
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ied even at 30004000 m in the central part
(Kotanski, 1997 ). In the Poddebice PIG-2
well, located on the border of the L.o6dz Syn-
clinorium and Kuyavian Swell, the Ro=0.5—
0.89% for the Middle Jurassic rocks indicates
that they entered to the phase of oil window
(Grotek, 2012; Klimuszko, 2012). The Rock-
Eval analysis of the Middle Jurassic source
rocks was performed by Zakrzewski et al.
(2022) in the Koto 1G-3 well and in neighbor-
ing wells. The results of this study showed
that the major source for hydrocarbons within
the Middle Jurassic are the Upper Aalenian
and Lower Bajocian clay rocks, genetically
related to deposition in anoxic shelf. These
rocks have a very high content of organic
matter of kerogen type Il and subordinately
of type Il. The TOC of the Aalenian rocks
ranges from 0.17 to 9.76% (average 4.5%).
This result allows to classify the Aalenian
shales as excellent source rocks, but the aver-
age S1 and S2 results of 0.42 mg HC/g rock
and 3.24 mg HC/g rock, respectively, classify
them as rocks with medium or poor genera-
tion potential. The results of the study con-
ducted by Kosakowski et al. (2015) in the
Mogilno-Lodz Synclinorium, which took into
account data from (among the others) Koto

IG-3, Banachéw 1G-1, and Przybytow 1
wells, classify the Middle Jurassic strata as
good source rocks with an average TOC of
5.5%, in which the hydrocarbon content is 4.5
mg HC/g rock and the hydrocarbon potential
is 282 mg HC/TOC. On the other hand,
Obarowski et al. (2015) presented different
results (Tab.3.1), which suggest that the Mid-
dle Jurassic strata (Bajocian and Bathonian)
are within the oil window, and they are good
source rocks in terms of average TOC values
2%, but their generation potential is not so
high. The presence of type Il and 11 (or 11/111)
kerogen was indicated. In addition, analyses
of organic matter from the Middle Jurassic
rocks of the Mid-Polish Anticlinorium were
carried out on rock samples from several
wells in earlier studies (Gondek, 1980;
Wilczek, 1986). A predominance of marine
organic matter was found only in single sam-
ples from the Lower Bathonian (Koto IG-3)
and Upper Bajocian (Koto 1G-3). The results
showed that bitumen occurring in the Middle
Jurassic source rocks in the Kolo 1G3 and
Ponetow 1 wells contain mature hydrocarbons
(CPI1=1.0-1.2).

MELE]9 JU EESIE ST Banachow 1G-1 Koto IG-3 Przybylow 1
rock parameters
Ro [%] 0.93 0.74 0.77
TOC
[% wt] 2.68 1.85 2.195
Trax [°C] 453 447 439
st 0.215 0.179 0.105
[mg HC/gRock] ' ' '
S2
[mg HC/gRock] 2.010 1.63 1.41
HI
[mg HC/gTOC] 74.5 90.00 63.5
Pl 0.095 0.096 0.065
Typ kerogenu* 1 H(/1T) 11

Tab. 3.1. Characteristics of Middle Jurassic source rocks in the Banachow IG-1, Koto 1G-3 and Przybytow 1 wells

(Obarowski et al., 2015).

Ro — thermal maturity of organic matter on vitrinite reflectance scale; TOC — organic carbon content; Tmax — maximum
temperature of S2 peak; S2 — residual petroleum potential; S1 — oil and gas yield; Pl — productivity index; HI — hydro-

gen index. *according to Espitalie et al. (1985).
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Stratigraphy Szczecin—Miechdw Synclinorium Mid-Polish Anticlinorium
Index Lower Upper Lower Upper
5 0.13t02.1  (84)] 0.19t04.7 (45) 0.18t06.8 (13) | 025t066 (59)
TOCMt%] | —53g5 — 5] — 178 70|~ 0% () 26 ©
. 42110439 (82)| 42010449 (41)| 418t0432 (11) | 419t0435 (59)
Tou [C] 229 (15) 233 (10)| 421 ®) 428 @
S, 007t05.2 (84)) 01410189 (45 0.051c24.8 (13) | 0.26t0256 (59)
[mg HC/g rock] 0.57 (15) 41 (10) 0.94 (6) 41 @)
$+S, 0121053 (84) 0.19t019.8 (45) 0.09t0254 (13) | 034t026.1 (59)
[mg HC/g rock] 0.63 (15) 47 (10) 1.05 (6) 4.2 (9)
00610042 (84)| 0.02t00.26 (45)| 0.02t00.44 (13) | 0.01t00.24 (59)
a — 017 (15) 006 (10) 010 (8 0.04 @
HI 5410408 (84)| 3210458 (45)| _25t0363 (13) 58to 441  (59)
[mg HC/g TOC] 139 (15) 189 (10) 94 (6) 14 9)
Kerogen type 11 (A AT, 1) (11 (11111 AN, 1)
Vaturit immature/ . immature/ immature/
aturity low-mature immature/mature low-mature low-mature
Hypdorﬁacr?tlrslon poor fair/good fair good

Tab. 3.2. Comparison of maturity of organic matter in Lower and Upper Kimmeridgian rocks for the Mid-Polish Anti-
clinorium and Szczecin-Miechow Synclinorium (Wigctaw, 2016).

TOC - organic carbon content; Tmax — maximum temperature of S2 peak; S2 — residual oil potential; S1 — oil and gas
yield; Pl — productivity index; HI — hydrogen index; the range of geochemical parameters is given in the numerator and
the mean value in the denominator, in brackets: number of samples (numerator) and number of sampled wells (denomi-
nator); kerogen type in brackets — subordinate occurrence.

In the case of the Upper Jurassic rocks, the
Oxfordian and Kimmeridgian calcareous
shales contain syngenetic bitumen whose ma-
turity parameters allow to consider these as
the source rocks. Sapropel-type kerogen was
found in the Upper Kimmeridgian and Titho-
nian. Other horizons are dominated by humic
organic matter (Karnkowski, 1993). Data
from the Poddebice PIG-2 well obtained for
the Upper Kimmeridgian and Lower Tithoni-
an (Ro=0.59-0.63%) indicate that these rocks
entered the initial phase of the oil window
(Grotek, 2012; Klimuszko, 2012). Recent
studies of the hydrocarbon potential of the
Kimmeridgian in the £6dZ Trough were con-
ducted by Wigctaw (2016), among the others,
based on analyses of core samples from e.g.
Koto 1G-3 and Przybytow 1 wells. They show
that the TOC content in Lower Kimmeridgian
rocks varies from 0.13 to 2.1%, while in the
Upper Kimmeridgian is from 0.19 to 4.7%.
Residual hydrocarbon content (S2) and TOC
values are generally quite low in Lower
Kimmeridgian rocks. The highest median
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TOC value was recorded in the Koto-
Przybyléw zone (Table 3.3). The correlation
between HI and Tmax indicates that the Low-
er Kimmeridgian rocks are dominated by the
type Il kerogen, whereas the Upper Kim-
meridgian rocks are dominated by the type Il
kerogen. Moreover, Obarowski et al. (2015)
presented the results of Rock-Eval analyses of
the Upper Jurassic source rocks (Tab. 3.3),
which suggests that the Kimmeridgian and
Tithonian rocks occur in the range of the oil
window, and they are rather good source
rocks as far as averaged TOC values are 2—
3%, and their generation potential is clearly
higher than in the case of the Middle Jurassic
source rocks. The occurrence of the type Il
and 1 (or 1I-111) kerogen was investigated.
Earlier analyses of the Kimmeridgian organic
matter from the Mid-Polish Anticlinorium
were carried out in the Kolo IG-3 and
Pongtow 1 wells (Gondek, 1980; Wilczek,
1986). Bitumens contain there mature hydro-
carbons (CPI = 1.0-1.1).
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Upper Jurassic
source rock Banachéw IG-1 Kolo IG-3 Ponetow 2 Przybyléw 1
parameters
Ro [%] 0,91 0,82 0,79 0,79
TOC
[% wt] 1,96 2,53 3,198 2,44
Tmax [°C] 436 433 432 433
S1
[mg HC/gRock] 0,238 0,412 0,768 0,198
S2
[mg HC/gRock] 3,55 8,146 13,27 5,815
HI
[mg HC/gTOC] 154,8 290,9 297,9 237,3
Pl 0,075 0,047 0,065 0,033
Typ kerogenu™ 1l 1 11 1-111

Tab. 3.3. Characteristics of the Upper Jurassic source rocks in the Banachéw 1G-1, Koto IG-3, Ponetow 2 and

Przybytow 1 wells (Obarowski et al., 2015).

Ro — thermal maturity of organic matter on vitrinite reflectivity scale, TOC — organic carbon content, Tmax — maximum
temperature of S2 peak, S2 — residual petroleum potential, S1 — oil and gas yield, Pl — productivity indexe HI - hydro-

gen index. *according to Espitalie et al. (1985).

3.3. RESERVOIR ROCKS

In the Koto tender area two main reservoir
horizons should be distinguished: Reed Sand-
stone (Upper Triassic) and Lower and Middle
Jurassic sandstones (Tables 3.4-3.6). The
Reed Sandstone, due to its fluvial genesis, has
variable reservoir properties. The Lower Ju-
rassic reservoir horizon contains alternating
sandstones and fine-grained clastic rocks. The
Middle Jurassic (Aalenian, Bajocian), on the
other hand, shows the best reservoir proper-
ties in the Koto tender area, in which sandy
lithofacies predominate. In some places, the
reservoir potential have also the Upper Juras-
sic limestones and Cretaceous sandstones. In
all the above-mentioned horizons, hydrocar-
bon shows were observed (Tables 3.5-3.6).

Reed Sandstone (Upper Triassic)
Lithology: quartz sandstones, fine- and medi-
um-grained sandstones intercalated with
mudstones

The thickness of the Reed Sandstone may
oscillate in the range of tens or even exceed
100 m with a tendency to increase to the E
and NW direction (Goérecki and Hajto, 2006).
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The top surface of this unit runs at depths
from 2000 to 3500 m.b.g.1.

The Reed Sandstone is poorly recognized
interval. However, because of favorable res-
ervoir parameters and good seal of the Lower
and Upper Gypsum Beds, it should be regard-
ed as a prospective horizon for hydrocarbon
occurrences in the £o6dz Synclinorium and
Kuyavian Swell. Analyses of petrophysical
parameters show that sandstone lithofacies
have porosities of several to even 20%. Very
poor porosity (0-2%) and low permeability
can also occur in fine-grained clastic rocks,
however.

The traps within the Reed Sandstone are
probably stratigraphic type of wedging sandy
bodies within the claystone-mudstone flood
plain deposits. In addition, combined traps
may have formed as a result of salt tectonics.
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Lower and Middle Jurassic
Lithology: fine- and medium-grained quartz
sandstones

The Lower and Middle Jurassic sandstones
have the greatest reservoir potential in the
Koto tender area. They are of fluvial (Zagaje,
Drzewica, and Borucice Formations) and
nearshore genesis (Skloby and Ostrowiec
Formations). The total thickness of the Lower
Jurassic is varied and increases from 10 to
even 800 m to the NE (Gorecki and Hajto,
2006). The thickness of the reservoir rocks
also increase to the NE direction, with the
lowest values observed in the SW part of the
tender area (~50 m) and the highest (~500 m)
in the N and SE parts. On average, the thick-
ness of the Lower Jurassic rocks with good
reservoir parameters ranges from 200 to 350
m. The sandy rocks show high effective po-
rosities exceeding 24% in some places (Tab.
3.6), with average values for the Lower Juras-
sic rocks oscillating around several percent.
Horizontal permeabilities are higher than the
vertical and range from several hundred to
1300 mD. However, strong siliceous and car-
bonate cementation (siderite, ankerite, dolo-
mite) destroyed the parameters. In addition,
the rocks contain kaolinite and fibrous illite,
which are responsible for lowering of the
permeability.

The Middle Jurassic thickness, similarly to
the Lower Jurassic example, increases to the
NE direction and oscillates from 100 to even
400 m (Gorecki and Hajto, 2006). The thick-
ness of the reservoir rocks (Aalenian and Ba-
jocian sandstones) is from several tens of me-
ters to ~150 m. The effective porosity often
significantly exceeds 20% and in some places
even 30%. This resulted from primary inter-
granular porosity, but secondary porosity,
formed as
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an effect of dissolution and transformation of
rock components, is also observed. The per-
meability of sandstones oscillates between 0.0
and 1500 mD.

Upper Jurassic
Lithology: sponge limestones, ooid lime-
stones, marls, dolomitic limestones
and dolomites

In the Upper Jurassic, reservoir potential is
exhibited by Oxfordian carbonate rocks, in
which fracturing and stylolithization process-
es may have led to the formation of secondary
porosity. In addition, the limestones devel-
oped in detrital and organogenic facies under-
gone dissolution, corrosion and dolomitiza-
tion processes. However, these rocks are
characterized by low permeability despite
their commonly high total porosity. Accord-
ing to Gorecki and Hajto (2006), the thickness
of the Upper Jurassic reservoir rocks in the
Koto tender area ranges from 300 to 900 m.

Lower Cretaceous
Lithology: quartz sandstones

The Lower Cretaceous clastic rocks have of-
ten favorable reservoir properties. High po-
rosities reaching values of several percent and
permeabilities exceeding 1500 mD (Tab. 3.5)
are associated with both the dissolution of
some grains and kaolinitization. As an effect,
a secondary microporosity was formed. The
mechanical compaction process is prevented
by quartz cementation causing stiffening of
the grain framework of the rocks. The reser-
voir potential of the Lower Cretaceous in the
Koto tender area is confirmed by gas shows
recorded in wells within the area (Tab. 3.6).
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Wartkowice 1

Wells Stratigraphy UG fr‘:]_rf;‘;e_l_‘;epth Thickness (m)
Upper Jurassic — Oxfordian 101.00 359.0
Brzesé Kujawski 1G-2 Middle Jurassic — Callovian 460.0 (710.0 — Bajocian) 746.0 (4§gi%;$§Ienian *
Lower Jurassic 1206.0 >66¢‘Sge(r81i_r:)earpct:;ina)n B
Upper Jurassic — Tithonian 1461.0 698.0 (Oxfordian,

Kimmeridgian, Tithonian)

Middle Jurassic

2159.0 (2172.0 -

72.0 (59.0 -
Upper Bajocian)

Lower Jurassic

Upper Bajocian)

Triassic

2231.0 (Rhaetian)

>295.6 (Carnian, Norian,
Rhaetian)

Wartkowice 2

Upper Jurassic — Tithonian

1319.5

630.5 (Oxsfordian, Lower
Kimmeridgian, Tithonian)

Middle Jurassic

1950.0 (2070.0 - Bajocian)

325.0 (205.0 — Aalenian +
Bajocian)

Lower Jurassic

2275.0

269.0 (Pliensbachian,
Lower Toarcian)

456.0 (Carnian, Norian,

Triassic 2544.0 (Rhaetian) Rhaetian)
Upper Jurassic — Oxfordian 103.5 571,5
Middle Jurassic 675.0 (877.0 - 943.0 (741.0 — Aalenian +
Wojszyce IG-1A Upper Bajocian) Bajocian)
Lower Jurassic — .
Upper Toarcian 1618.0 >146.0 (Upper Toarcian)
: 883.0 (Oxfordian, Lower
Upper Jurassic 452.0 Kimmeridgian, Tithonian)
Aleksandrow Lédzki-1 Middle Jurassic 1335.0 (15055 - Upper | 527.0(356.5 — Aalenian +
Bajocian) Bajocian)
Lower Jurassic 1862.0 (Upper Toarcian) >456.4 (Pllepsbachlan,
Toarcian)
: 650.0 (Oxfordian,
Upper Jurassic 24920 Kimmeridgian, Tithonian)
Banachow 1G-1 Middle Jurassic 3142.0 105.0 (Bathonian,
Callovian)
Lower Jurassic 3247.0 (Upper Toarcian) >156.0 (Pllel_wsbachlan,
Toarcian)

Przybytow 1

578.0 (Oxfordian,

Upper Jurassic — Tithonian 1962.0 . L
Kimmeridgian)
Middle Jurassic 2540.0 (26_360_.0 — Upper 160.0 (4_0.0_— Upper
Bajocian) Bajocian)

Lower Jurassic

2700.0 (Pliensbachian)

66.5 (Pliensbachian)

Trias

2766.5 (Rhaetian)

1088.5 (Middle and Upper
Triassic)

661.5 (Oxfordian,

Upper Jurassic 20135 Kimmeridgian, Tithonian)
Ponetow 1 . . 2675.0 (2800.0 — Upper 275.0 (150.0 — Aalenian +
Middle Jurassic Bajocian) Bajocian)
Lower Jurassic 2950.0 (Upper Toarcian) >57.0 (Upper Toarcian)
Pagorki IG-1 Upper Jurassic 1295.0 >267,1
. 692.0 (Oxfordian,
Upper Jurassic 2008.0 Kimmeridgian, Tithonian)
Koto IG-3 Middle Jurassic 2700.0 (25_322_.5 — Upper 285.5 (163._0 - Aalenian +
Bajocian) Bajocian)
Lower Jurassic 2988.5 >167.7 (Toarcian)

Tab. 3.4. Thickness and top surface depth of main reservoir horizons and in the Koto tender area and in its vicinity
(according to final well documentations).
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Total Effective
. porosity Permeability
’ samotes | Stratiaraon Depth porosity [9%] [mD]
UL amples tratigraphy [mb.g.1] . [%0] Min.— Min.—Max.
Min.—Max.
(average) Max. (average)
(average)
Upper 6.9-19.0 | 6.8-18.83 | 0,1-0,56 (0,2) X
S Jurassic 200.1-354.2 (11.12) (10.8) 0,1-0,85 (0,34) y
Brzes¢ Kujawski Middle 0.35-265 | 0.3-24.08 | 0,1-600 (18,6) x
IG-2 113/57 Jurassic 489.1-1200.4 (8.4) (7.9) 0,1-470 (13.7) y
Lower 2.31-282 | 1.83-24.6 | 0,1-1300 (285,5) x
39137 Jurassic | 120627184621 45 6y (13.9) | 01-1300 (259.4) y
Upper 0.3-5.7
6 Jurassic 720.0-112.5 3.7) n/a n/a
Aleksandrow Middle 2.58-21.11 n/a 0,0-1537,0 (363,4)
Eodzki-1 11/8 Jurassic 1341.7-1816.2 (13.25) X
712 Lower 1026.8-2277.7 | 27121115 n/a 142,8-174,5 x
Jurassic (13.1)
2013 upper | 15385 19402 | 0162527 1 nfa 0,0-10,0 (2.0)
Jurassic (9.0)
i _ n/a
Wartkowice 2 25/15 Middle 1981.0-22685 | C-16-1484 0,0-55,2 (8,3)
Jurassic (9.6)
512 Lower 2302.7-2454.8 | O-17-14.97 n/a 0,0-7,0
Jurassic (9.0)
Upper - 1.08-11.68 | 0.15-9.42 0,2-150 (9,4) x
21122126 Jurassic 504.1-6713 (4.4) (2.77) 0,2-26,5(1,29) y
. 132/75/7 Middle 1.11-30.22 | 0.37-28.2 | 0,2-546,0 (92,4) x
Wojszyce IG-1A | 7g Jurassic 694.2-1673.9 (13.5) (8.4) 0,2-510 (86,8) y
Lower 10.3-20.3 | 8.07-18.19 | 0,62 — 880 (226,9) x
12 Jurassic 1706.0-1763.7 (15.8) (13.5) 0,49 — 540 (147,4) y
Lower 7.48-15.75 112-1010
. ! Cretaceous 2181.5-2435.0 (13.07) (462)
Banachow 1G-1
1 Lower 3247.0-3403.0 3.09-4.42 0.1-69
Jurassic ) ) (3.66) (11.8)
0.95-19.29 3020-0
11 Cretaceous 1668.0-1856.0 (15.44) (932.565)
. . 0.42-9.22 0
Przybytow 1 28 Jurassic 1892.0-2588.0 (1.657) ©)
. 0.93-5 0
3 Triassic 3405.0-3718.05 (2.32) )
9 Lower 1723.0-1720.0 4.81-16.02 406.7-1583.8
Cretaceous
12 Upper 1970.7-2668.6 0.41-4.17 0
, Jurassic
Ponetow 1 Middle
4 : 2701.3-8515 4.53-9.47 0-3.2
Jurassic
11 LOWEr 1 2914.33005.4 163-5.45 0
Jurassic

Tab. 3.5. Porosity and permeability of Mesozoic reservoir horizons (according to final well documentations).

Wells Stratigraphy HC shows
Przybytow 1 Upper Jurassic trace oil seeps from fractures in limestone, distinct bituminous smell
Pongtow 1 Lower Cretaceous mud gasification
Upper L
Koto IG-3 Jurassic (Oxfordian) bituminous smell
Upper

Banachow 1G-1

Jurassic (Tithonian)

mud gasification

Tab. 3.6. Hydrocarbon shows in core samples and mud (according to final well documentations).
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3.4. SEAL ROCKS

Several seal rock horizons can be distin-
guished within the Koto tender area. The po-
tential reservoir horizons located within or
below the Zechstein are sealed by evaporates
of different cyclothems. The Mesozoic hori-
zons can be sealed by both Triassic fine-
grained and evaporite rocks (Lower and Up-
per Gypsum series) and Lower and Middle
Jurassic shales. The basic seal is represented
by the Ciechocinek claystone Formation to-
gether with the uppermost part of the Drze-
wica Formation (thickness: 50-140 m). The
Zagaje Formation of thickness about 30-80 m
can be treated as a supporting seal, similarly
to the locally occurring Gielniow Formation.
In the case of the Middle Jurassic sandstones,

3.5. UNCONVENTIONAL PETROLEUM PLAY

The unconventional petroleum play in the
Koto tender area is formed by the Middle and
Upper Jurassic shales. They are characterized
in the source rock chapter (3.2).

Middle and Upper Jurassic shales
Lithology: black shales
and marly shales

It can be assumed, that in the Kolo tender area
the unconventional oil and gas accumulations
occur in the Middle Jurassic (Aaleni-
an/Bajocian and Bathonian black shales) and
in the Upper Jurassic (Kimmeridgian and Ti-
thonian rocks). This conclusion is based on
the results of several studies (Gondek, 1980;
Wilczek, 1986; Karnkowski, 1993; Grotek,
2012; Klimuszko, 2012; Obarowski et al.,
2015; Wiectaw, 2016; Zakrzewski et al.,
2022). These studies show that Middle and
Upper Jurassic rocks are in oil window
(0.6<R0<=1.1%). Lower maturity (0.6>Ro0) is
seldom. However, the recent Rock-Eval anal-
yses, especially TOC contents >2% wt. indi-
cate the southern part of the Koto tender area
as prospective for the occurrence of uncon-
ventional accumulations in the Upper Bajoci-
an, Bathonian, Kimmeridgian, and Tithonian
(Banachow 1G-1, Kolo 1G-3, Pongtow 2,
Przybytow 1). In general, the Upper Jurassic
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the main seal is formed by the Upper Aaleni-
an and Lower Bajocian black shales with a
thickness of 30— 100 m (permeability <0,01
mD). The relatively weak sealing complex
includes the Lower Bathonian shales with a
thickness of ~60 m (permeability approx.
1 mD). On the other hand the Upper Bajocian
(permeability 0.1-0.2 mD), Bathonian and
Lowermost Callovian shales can be another
primary/equivalent or  supporting  seal
(Wojcicki et al.,, 2013). Within the Creta-
ceous, the Lower Cretaceous mudstone-
evaporite rocks have sealing properties. In
addition, a complex of the Upper Cretaceous
strata comprises intervals impermeable to the
migration of fluids (Wojcicki et al., 2013).

source rocks are characterized by a slightly
higher content of organic matter than the
Middle Jurassic ones. This trend is even more
visible for parameters such as residual hydro-
carbon content (S2) and total hydrocarbon
content (S1+S2), i.e. generation potential. For
the northern part of the Koto tender area,
there is an insufficient amount of data for de-
tailed analyses. Available archival data from
wells situated in the NW vicinity (Mtyny 1:
Surmiak, 1971; Strzelno 1G-1: Raczynska,
1973), are not fully comparable with the new
data characterized above. In the case of the
Strzelno 1G-1 well, the vitrinite reflectance
values are available for Lower Cretaceous
samples, which is not considered in our case.
These values are too low for oil window. The
occurrence of unconventional oil accumula-
tions in the Middle Jurassic in the northern
part of the Koto tender area should be investi-
gated yet.

In the case of the Upper Jurassic (Upper
Kimmeridgian, Tithonian), the occurrence of
sapropelic, type Il (marine organic matter)
kerogen is characteristic, except for the Lower
Kimmeridgian where the type Il (1I/111, 11-
[I1?) kerogen prevails (Wiectaw, 2016). In
contrast, the Middle Jurassic shales are domi-
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nated by humic kerogen, probably type Il
(171, 1-11?), of marine-land origin.

Possible analogs —
examples from other European countries

The EUOGA (EU Unconventional Oil and
Gas Assessment) project, carried out in 2015-
2016 by the European geological surveys and
coordinated by GEUS (Danish Geological
Survey), produced several reports dedicated to
natural gas and oil occurrences in shale for-
mations in Europe (Anthonsen et al., 2016;
Schovsbo et al., 2017; Zijp et al., 2017). They
investigated unconventional petroleum sys-
tems across 26 European countries, with shale
formation ages ranging from Cambrian to
Paleogene (Eocene, Oligocene) and even Ne-
ogene (Miocene).

From our point of view, it would be inter-
esting to analyze unconventional petroleum
plays especially in the Jurassic and Triassic.
In the latter case, shales of the Middle (Ladin-
ian) and Upper Triassic (Norian) in the Lom-
bard Basin of Northern Italy (kerogen type Il-
I11), carbonates of the Upper Triassic and
Lower Jurassic in the Emma Basin of Italy
(kerogen type 1, 11, sapropelic), and Koessen
marls of the Upper Triassic (Norian/Rhaetian)
in the Zala Basin of western Hungary (kero-
gen type Il, sapropelic) were characterized.
These prospects are predominantly for liquid
hydrocarbons.

In the Lower Jurassic in NW Europe, pro-
spects for gas were found in the Lower Juras-
sic Posidonia Shales (especially in Germany,
Netherlands, and France) and for oil in the
Middle and Upper Jurassic shales of the
Weald oil basin in southern England, as well
as in Romania, Bulgaria, Italy, France, Spain
and Portugal. For the Middle and Upper Ju-
rassic, the Oxford Clay (Callovi-
an/Oxfordian), Corallian Clay (Upper Oxfor-
dian) and Kimmeridge Clay (Kimmeridgian)
formations within the Weald oil basin in
southern England can be given here, as well
as the Etropole (Upper Aalenian, Lower Ba-
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jocian) in Bulgaria (and possibly its counter-
part in the Romanian part of the Moesian
Platform petroleum basin), the Lemes (Kim-
meridgian-Tithonian) in Croatia, the Mikulov
Marl (Malmian) and Mikulov Fortmation
(Oxfordian) in the borderland between the
Czech Republic and Austria, as well as dark
carbonates and mudstones in the Lombardy
Basin in Italy.

The above-mentioned unconventional pe-
troleum plays in the Jurassic, which may in-
clude both source rocks for conventional hy-
drocarbon fields and unconventional reservoir
rocks, are characterized by the occurrence of
almost all types of kerogen (1, I-1I, Il — most-
ly, H-111 and 1I/11l and I1I). They cannot be
fully compared with the Middle and Upper
Jurassic sediments considered for the Koto
tender area, since formations of similar age
from other European countries were not
formed in an analogous sedimentary envi-
ronments and are not characterized by the
same type of kerogen and degree of maturity.
For example, in the relatively well-recognized
Weald Basin in southern England, which
could provide a somewhat (but rather limited)
hypothetical analogue for our area, the Oxfor-
dian Clay (Callovian/ Oxfordian) are charac-
terized by the type Il kerogen in the lower
part of the formation, and the type Il in the
upper part, the Corallian Clay (Upper Oxfor-
dian) shales by type I, Il and Ill, and the
Kimmeridgian Clay (Kimmeridgian) shales
by type Il in the center part of the basin, plus
I11, H-111 and 1 (Andrews, 2014). In the south-
western edge of the basin, there are oil (and
oil-associated gas) fields in the Mesozoic that
have been in production for decades (e.g.,
Wytch Farm Oil Field, Kimmeridge Oil
Field). The unconventional oil system in the
Jurassic rocks of the Weald Basin most prob-
ably comprises tight oil accumulations, i.e.
accumulations of oil and associated gas in low
permeability shales, carbonate rocks, and tight
sandstones, so in principle, it should be re-
ferred to as a hybrid system.
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3.6. GENERATION, MIGRATION, ACCUMULATION AND TRAPS

So far no conventional or unconventional hy-
drocarbon deposits have been discovered in
the Koto tender area. However, the geology
and tectonics of the Szczecin-Lodz-Miechow
Synclinorium and Mid-Polish Anticlinorium
(Fig. 3.2) creates possibilities for discovering
new fields of different nature. Clay for-
mations of the Middle and Upper Jurassic and
probably organic-rich Zechstein and sub-
Zechstein Palaeozoic rocks can act as poten-
tial source rocks for porous sandstones and
limestones of Mesozoic age. Jurassic shales,
on the other hand, act as both source rocks
and reservoir rocks in the unconventional sys-
tem.

Age and mechanism of generation and ex-
pulsion of hydrocarbons: Studies on Jurassic
organic matter maturity and thermal history
modeling carried out in the £6dz Synclinori-
um by Kosakowski et al. (2015) allow us to
believe that the maturity increased in two
phases. The first started during the Late Juras-
sic, while the second one occurred in the Late
Cretaceous (Fig. 3.3). Both, Middle and Up-
per Jurassic rocks reached the oil window,
with a maximum maturity of 0.95% and
0.70% Ro, respectively (according to Kosa-
kowski et al., 2015) and 0.71 and 0.77% Ro
(according to Karnkowski, 1993; Fig. 3.3). It
was assumed that the Lower and Middle Ju-
rassic rocks entered the early generation phase
in the Cretaceous at a depth of 2500 m and
a temperature of 80°C. However, they reached
the peak of generation at the turn of the Late
Cretaceous and Paleogene. The generation
phase was terminated by a regional basin in-
version.

Characteristics of Mesozoic traps: The cur-
rent state of knowledge does not allow for
precise characterization of potential hydrocar-
bon traps. However, using an analogy with
areas where hydrocarbon deposits were dis-
covered in Mesozoic formations of Western
Europe (Doornenbal and Stevenson, 2010;
Kilhams et al., 2018) it should be stated, that
probably these are traps of structural and
mixed (structural-stratigraphic) type. There
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are also possible stratigraphic traps in the
form of bioherms within Oxfordian lime-
stones and in the form of fluvial channels in
the Reed Sandstone. Possible traps in the
Koto area are closely related also to intensive
salt tectonics and may range in form from
anticlinal structures associated with the exist-
ence of salt pillows, through structures
formed by inversion of the sub-Zechstein
basement, to combined traps (Fig. 3.4).

Possible analogues of the conventional sys-
tem — examples from other European coun-
tries: Examples of hydrocarbon reservoirs are
found in the Northern German Basin
(Doornenbal and Stevenson, 2010; Kilhams et
al., 2018), both in its eastern part, which is an
extension of the Polish Basin, and in its west-
ern part (Fig. 3.5). An example of a reservoir
whose analogues we can expect to find within
the Koto tender area, is the Rehden gas field
discovered in north-western Germany. The
current structure of the Rehden field, similarly
to the Mid-Polish Anticlinorium, was formed
during the Late Cretaceous inversion, which
was the cause of deformations within the
Permian-Mesozoic and older sediments,
which included both faulting of rocks and
plastic movements of Zechstein salts. There
are three prospective horizons within the de-
posit: Upper Carboniferous sandstones, Zech-
stein (Ca2 Main Dolomite), and Lower Trias-
sic sandstones (Bunter Sandstone). An exam-
ple of a reservoir with the highest reservoir
potential in the Mesozoic is the Wytch Farm
field in Dorset, England. The primary reser-
voir horizons are Triassic sandstones of the
Sherwood Sandstone and Lower Jurassic
Bridport Sands. The primary source rocks are
the Jurassic shales of the Oxfordian Clay and
Kimmeridge Clay formations. The migration
of hydrocarbons from younger to older for-
mations occurred along faults associated with
the compressional phase of the Alpine oro-
genesis. The Upper Jurassic shales are the
primary source rocks for many European
South Permian Basin deposits (Doornenbal
and Stevenson, 2010; Kilhams et al., 2018;
Figs 3.6-3.7).
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monoklina synklinorium
przedsudecka mogilensko-tédzkie
™ Fore-Sudetic Monocline Mogilno-t6dZ Synclinorium »

Pogorzela-6 Pogorzela-
Wikonien1 |

kreda gérna / Upper Cretaceous
kreda dolna / Lower Cretaceous
jura gérna / Upper Jurassic
jura srodkowa / Middle Jurassic
jura dolna / Lower Jurassic
trias gorny / Upper Triassic
trias $rodkowy / Middle Triassic
trias dolny / Lower Triassic
cechsztyn (regionalne uszczelnienie) / Zechstein (regional seal)
czerwony i iomni / Rotli ( i
karbon gérny / Upper Carboniferous (source)
karbon dolny / Lower Carboniferous (source)
yscydy (maci / Variscides (source)
dolomit giéwny (macierzysty) / Main Dolomite (reservoir)
wapief cechsztynski (zbiornikowy) / Zechstin Limestone (reservoir)
@ gaz/ gas accumulations
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20 km

Fig. 3.2. Cross section through the Fore-Sudetic Monocline, Szczecin-Lodz-Miechoéw Synclinorium and Mid-Polish
Anticlinorium and location of the Kolo tender area (Pletsch et al., 2010).
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Fig. 3.3. Organic matter thermal maturity and kerogen transformation ratio in the £6dz Synclinorium (Kosakowski et
al., 2015).
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Fig. 3.4. Hydrocarbon generation, migration and accumulation scheme for the Koto tender area.
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4. HYDROCARBON FIELDS

Neither conventional nor unconventional oil the Koto tender area and in its vicinity.
and gas fields have been documented within

5. WELLS

The following wells deeper than 500 m MD
and reaching the prospective intervals were
drilled in the Koto tender area:

HC concessions Stratigraphy at
Well name Year (after 1994) Owner Depth [m] the ?)ot[t)on);
Augustynowo 1 1955 State Treasury 630.0 Permian
Banachow IG-1 1986 State Treasury 3403.0 Lower Jurassic
Bierzwienna K-31 1953 State Treasury 1020.4 Permian
Bolestaw-1 2017 Koto 3/2016/p State Treasury 1550.0 Cretaceous
Dilugie K-68 1958 State Treasury 627.0 Jurassic
Gopto GEO9 1957 State Treasury 751.5 Cretaceous
Gopto GEO10 1957 State Treasury 507.1 Cretaceous
Izbica 2 1955 State Treasury 1200.0 Permian
Izbica Kujawska K-37 1955 State Treasury 1212.3 Permian
Izbica Kujawska K-67 1959 State Treasury 521.0 Permian
Izbica Kujawska K-70 1958 State Treasury 590.5 Permian
Ktodawa 66 1959 State Treasury 500.7 Jurassic
Klodawa 71 1958 State Treasury 510.0 Permian
Kocewia-A 1959 State Treasury 542.7 Jurassic
Koto GT-1 2018 * State Treasury 3905.0 Upper Triassic
Koto 1G-3 1968 State Treasury 3905.0 Lower Jurassic
Marcjanowo K-33 1953 State Treasury 1002.7 Permian
Pagorki 1G-1 1957 State Treasury 1562.1 Upper Jurassic
Podtymien K-69 1958 State Treasury 600.1 Permian
Ponetow 1 1973 State Treasury 3007.0 Lower Jurassic
Pongtow 2 1992 ORLEN S.A. 2937.0 Lower Jurassic
Przybytow 1 1988 State Treasury 3857.0 Permian
Wrzaca IGH-1 1980 State Treasury 2934.8 Cretaceous

*The drilling of the well was according to the decision of the Marshal of the Wielkopolska Voivodeship of November
10, 2016 approving the geological works project for drilling the Koto GT-1 prospecting and exploration well for exploi-
tation of thermal waters in Chojny, Koto commune, Koto county, Wielkopolska Voivodeship; and according to the
decision of the Marshal of the Wielkopolska Voivodeship of September 19, 2017 approving the Appendix No. 1 to the
mentioned above geological project.

Location of the above-mentioned wells is pre- The original data from the wells, which be-

sented in Fig. 5.1. Their general characteris- long to the State Treasury, are collected in the

tics are shortly summarized in Tab. 5.1. The DATA ROOM and will be available at the

Banachow 1G-1 well is illustrated in Fig 5.2 Polish Geological Institute — National Re-

as an example. search Institute in Warsaw during the 6" ten-
der round.
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STRATIGRAPHY Augustynowo 1 |  Banachéw IG-1 B'eﬁ‘f‘ginna Bolestaw-1 Diugie K-68 Goplo GEO9 Goplo GEO10 Izbica 2 'Zb'cal('fg%a""s"a e K‘é’f""s"a S 'Zb'calf_%aws"a Klodawa 66 Klodawa 71 Kocewia-A Kolo GT-1 Kolo IG-3 Ma’g_‘;g""w Pagérki IG-1 ROl Ponetéw 1 Przybyléw 1 Wrzaca IGH-1
top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m] top — bottom [m]
QUATERNARY 0.0 55.4 0.0 220 0.0 20.4 0.0 2.0 0.0 40.0 0.0 85.0 0.0 49.0 0.0 219.6 0.0 201.6 0.0 20.5 0.0 54.0 0.0 38.8 0.0 99.0 0.0 35.6 0.0 30.0 0.0 45.0 0.0 292.0 0.0 65.0 0.0 173.7 0.0 47.0 0.0 15 0.0 65.0
PALEOGENE-NEOGENE 55.4 123.0 ) ) 20.4 227.6 ) ' 40.0 120.8 49.0 78.0 201.6 354.5 20.5 151.2 54.0 215.3 38.8 120.0 35.6 128.0 45.0 210.0 65.0 86.4 ) ’
CRETACEOUS 123.0 203.5 22.0 2561.5 82.0 1550.0 85.0 851.5 78.0 507.1 210.0 2008.0 86.4 1295.0 47.0 1712.0 335 1962.0 65.0 2934.8
Maastrichtian 22.0 394.0 82.0 340.0 210.0 675.0 47.0 189.0 33.5 257.0 65.0 451.0
Campanian 394.0 960.0 340.0 1095.0 675.0 1138.0 86.4 514.5 189.0 680.0 257.0 740.0 451.0 1280.0
Santonian 960.0 1397.5 1095.0 1550.0 30.0 2426.0 1138.0 1318.0 514.5 671.0 680.0 971.0 740.0 1112.0 1280.0 1779.0
Coniacian 1397.5 1677.0 1318.0 1672.0 671.0 719.0 971.0 1170.0 1112.0 1321.5 1779.0 2141.0
Turonian 1677.0 2053.5 1672.0 1755.0 719.0 839.0 1170.0 1515.0 13215 1624.5 2141.0 2578.0
Cenomanian 2053.5 2152.0 2426.0 2533.0 1755.0 1776.0 839.0 913.0 1515.0 1565.0 1624.5 1699.5 2578.0 2705.5
Upper Albian 2152.0 2181.5 2533.0 2566.0 1776.0 1906.0 913.0 919.0 1565.0 1580.0 1699.5 1715.0 2705.5 2747.0
Middle and Lower Albian 21815 | 2300.0 2566.0 | 27080 | 1906.0 1924.1 919.0 1022.0 1580.0 1671.0 1715.0 1819.0 2747.0 2862.5
(Kruszwica Member)

Aptian (Goplana Member) 2300.0 2316.5 2708.0 2740.0 1924.1 1927.5 1022.0 1061.0 1671.0 1688.0 1819.0 1833.0 2862.5 2907.5
Barremian (Pagérki Mb) 2316.5 2324.0 2740.0 2748.0 1927.5 1930.7 1061.0 1097.7 1688.0 1712.0 1833.0 1836.0 2907.5 2928.0
Hauterivian-Valanginian-

Beriassian (Zychlin, Gniewkéw
and Wierzchostawice members 2324.0 2561.5 2748.0 2935.0 1930.7 2008.0 1097.7 1295.0 1836.0 1962.0 2928.0 2934.8
and Wloctawek, Bodzanow and
Rogozno formations)
JURASSIC 2561.5 3403.0 120.8 627.0 151.2 310.1 120.0 500.7 99.0 118.0 128.0 542.7 2008.0 3156.2 292.0 334.7 1295.0 1562.1 173.7 412.0 2013.5 3007.0 1962.0 2766.5
Tithonian 2935.0 2960.0 2008.0 2146.0 2013.5 2048.0
Kimmeridgian 2561.5 2704.0 2960.0 3198.0 2146.0 2291.0 2048.0 2257.0 1962.0 2123.0
Oxfordian 2704.0 3142.0 3198.0 3667.0 2291.0 2700.0 2257.0 2675.0 2123.0 2540.0
Callovian 3142.0 31475 3667.0 3814.0 2700.0 2715.0 2675.0 2679.0 2540.0 2547.0
Bathonian-Aalenian 3147.5 3247.0 i i 2715.0 2985.5 2679.0 2950.0 2547.0 2700.0
Upper Toarcian (Borucice Fm) 3247.0 3264.0 3814.0 3824.0 2988.5 3089.5 2950.0 3007.0
L. Toarcian (Ciechocinek Fm) 3264.0 3370.0 3824.0 3857.0 3089.5 3156.2 2700.0 2766.5
o P"E“Sbathr';’)” (i 33700 | 34030 3857.0 | 38765
TRIASSIC 203.5 300.0 3876.5 3905.0 2766.5 3857.0
Reatian-Norian 2766.5 2928.0
Carnian 2928.0 3302.0
Upper Gypsum Beds 2928.0 3105.0
Reed Sandstone 3105.0 3159.0
Lower Gypsum Beds 3159.0 3302.0
Sulechéw Beds 3302.0 3385.0
Muschelkalk 3385.0 3697.0
Bunter Sandstone 3697.0 3855.0
UPPER PERMIAN 300.0 630.0 227.6 | 1020.4 219.6 1200.0 354.5 1212.3 310.1 521.0 215.3 590.5 118.0 510.0 334.7 1002.7 412.0 600.1 3855.0 3857.0
3855.0 3857.0

Top Terigenous Series (PZt)

Tab. 5.1. Summary of stratigraphy and prospective horizons (green and blue) in the wells located within the Koto tender area (CGDB, 2023).
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6. SEISMIC SURVEYS
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Fig. 6.1. Seismic survey within and in the neighborhood of the Koto tender area (CGDB, 2023).

64



460000.00

KOLO

480000.00

500000.00

c
(I
]
]

520000.00

LEGENDA / LEGEND A

2 4 6 8 km

obszar przetargowy

tender area

otwory ( >500 m)

wells (>500 m

sejsmika 2D Skarbu Panstwa

2D seismic survey (State Treasury)
sejsmika 2D Inwestorow

2D seismic survey (Private Investors)
gtebokie sondowania sejsmiczne
deep seismic sounding

miasta

cities

wojewoddztwa

wojewddztwa

powiaty

powiaty

gminy

communes

g \‘ .
7
™ MERCIANOWO K-33
{ °
s
1
( \
P
<
\s
1
K
g .
, ﬁ«fj -
e .
L > ¢

00°00002S

00°00000S

00°00008%

460000.00

480000.00

Fig. 6.2. Seismic survey within the Koto tender area (CGDB, 2023).
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LINE CONCESSIONS LENGTH
NAME YEAR PROJECT (after 2001) OWNER [km]
W00D0374 1974 Profile Regionalne State Treasury 17.38
WAOQODO0374 1974 Profile Regionalne State Treasury 8.01
W0070478 1978 Mogilno-Pabianice State Treasury 9.48
WA110478 1978 Mogilno-Pabianice State Treasury 43.42
WB040278 1978 Mogilno-Pabianice State Treasury 13.00
WB050277 1978 Mogilno-Pabianice State Treasury 13.22
WC040278 1978 Mogilno-Pabianice State Treasury 7.69
WC050178 1978 Mogilno-Pabianice State Treasury 11.42
T0370679 1979 Wioctawek-Plock State Treasury 6.31
T0460679 1979 Wioctawek-Plock State Treasury 7.00
W0060279 1979 Mogilno-Pabianice State Treasury 9.56
WAO060279 1979 Mogilno-Pabianice State Treasury 11.45
WB060279 1979 Mogilno-Pabianice State Treasury 9.69
1-4-83K 1983 Ponetéw-Wartkowice State Treasury 8.91
5C-4-83K 1983 Ponetéw-Wartkowice State Treasury 10.81
5D-4-83K 1983 Ponetéw-Wartkowice State Treasury 7.11
15-4-84K 1984 Ponetow-Wartkowice State Treasury 9.09
17-4-84K 1984 Ponetow-Wartkowice State Treasury 20.36
2-4-84K 1984 Ponetow-Wartkowice State Treasury 7.82
4-4-84K 1984 Ponetow-Wartkowice State Treasury 10.78
5-4-83K 1984 Ponetow-Wartkowice State Treasury 10.85
5D-4-84K 1984 Ponetow-Wartkowice State Treasury 6.87
5F-4-84K 1984 Ponetow-Wartkowice State Treasury 3.07
6-4-84K 1984 Ponetow-Wartkowice State Treasury 10.59
7-4-84K 1984 Ponetow-Wartkowice State Treasury 8.19
19-4-84/85K 1985 Ponetow-Wartkowice State Treasury 22.85
20-4-84/85K 1985 Ponetow-Wartkowice State Treasury 8.25
21-4-85K 1985 Ponetow-Wartkowice State Treasury 15.70
22-4-85K 1985 Ponetow-Wartkowice State Treasury 9.90
23-4-85K 1985 Ponetow-Wartkowice State Treasury 10.25
T0040587 1987 Ciechocinek-Brzes¢ Kuj.-Wojszyce State Treasury 2.68
W0060388 1988 Ciechocinek-Brzes¢ Kuj.-Wojszyce State Treasury 9.50
WAO030388 1988 Ciechocinek-Brzes¢ Kuj.-Wojszyce State Treasury 5.95
W0040390c 1990 Ciechocinek-Brzes¢ Kuj.-Wojszyce State Treasury 8.72
W0060390c 1990 Ciechocinek-Brzes¢ Kuj.-Wojszyce State Treasury 7.21
W0070390 1990 Ciechocinek-Brzes¢ Kuj.-Wojszyce State Treasury 15.95
W0080390e 1990 Ciechocinek-Brzes¢ Kuj.-Wojszyce State Treasury 12.62
WA050390 1990 Ciechocinek-Brzes¢ Kuj.-Wojszyce State Treasury 11.72
KO-01 2013 Strzelecki Energia Sp. z 0.0. State Treasury 8.64
KO-02 2013 Strzelecki Energia Sp. z 0.0. State Treasury 16.16
KO-03 2013 Strzelecki Energia Sp. z 0.0. State Treasury 40.59
KO-04 2013 Strzelecki Energia Sp. z 0.0. State Treasury 16.57
KO-05 2013 Strzelecki Energia Sp. z 0.0. Kolo State Treasury 13.43
KO-06 2013 Strzelecki Energia Sp. z 0.0. 53/2011/p State Treasury 14.74
KO-07 2013 Strzelecki Energia Sp. z 0.0. State Treasury 16.34
KO-12 2013 Strzelecki Energia Sp. z 0.0. State Treasury 16.45
KO-13 2013 Strzelecki Energia Sp. z 0.0. State Treasury 8.54
KO-14 2013 Strzelecki Energia Sp. z 0.0. State Treasury 13.29
KO-15 2013 Strzelecki Energia Sp. z 0.0. State Treasury 15.65
State Treasury 603.78

Tab. 6.1. 2D seismic surveys (lines longer than 2 km) within the Koto tender area.
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7. GRAVIMETRY, MAGNETOMETRY AND MAGNETOTELLURICS

7.1. GRAVIMETRY

There are three semidetailed surveys in the
Koto tender area (Fig. 7.1), with 2330 data
points within. The Gostynin-Lowicz-Pone-
tow-Poddebice survey (Socko, 1966), cover-
ing the southern part of the area, was collect-
ed with a point density ca. 1.9 stations/km?.
Two other surveys: Mogilno-Konin-Uniejow
(Reczek, 1967) and Kujawy and Rawa-
Gielniow Anticlinorium (Lyszkowska and
Kruk, 1969) were collected with
a point density ca. 2 stations/km?. All data are
available in the CGDB (2023).

There are some detailed surveys in the ten-
der are, as well. Most of them were focused
on lignite exploration. There are 13 profiles at
Lubstow deposit (Jakubiak et al., 1979) col-
lected with 20 m step. The others were col-
lected with 100 m step (Ostrowska and Pisuta,
1990; Wasiak, 1990).

The Gopto Anticline survey (Bochnia and
Duda, 1961), at the western border of the ten-
der area, was collected with an irregular point
distribution, with density of ca. 15 sta-
tions/km?. 25 profiles with 300 m step were
collected, as well.

Krolikowski and Petecki (1995) proposed
a division of Poland into several gravity re-
gions. Thus, the Koto tender area is placed
within the north-eastern part of the Szczecin-
Mogilno-Miechéw Low. The border of the
tender area goes along gradient zone separat-
ing this low from the Kuyavian Low (visible
at Bouguer anomaly map as a relatively posi-
tive anomaly — Fig. 7.2). Krolikowski and
Petecki (1995) suggest the dominant role of
the crystalline basement in the formation of
the Szczecin-Mogilno-Miechow Low, but the
Variscan orogeny could play a significant
role, as well, since it could produce signifi-
cant amounts of rock material with reduced
densities.

At the background of the regional anoma-
lies described above, the relatively negative
anomalies associated with the Klodawa and
Lanigta Salt Diapirs, as well as the relatively
positive anomaly associated with the Gopto
Anticline, are clearly visible.
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7.2. MAGNETOMETRY

First magnetic survey at the Koto tender area
was a the regional vertical component Z sur-
vey (Kozera, 1954, Fig. 7.3), collected with
a density ca. 0.18 stations’/km® A semide-
tailed survey of total intensity T (Kosobudzka
and Paprocki, 1997) is collected with density
ca. 2 stations/km?.

An image of magnetic anomalies presented
in Fig. 7.4 is taken from magnetic map of
Poland (Petecki and Rosowiecka, 2017). The
map is divided into several regions with dif-
ferent magnetic characteristic. The Koto ten-
der area is located within the Central and
Western Poland domain (CWPd), which from
the north is limited by the gradient zone
Szczecin-Stargard Szczecinski-Pita-Inowroc-
taw (Petecki, 2008).

There is lack of strong magnetic local
anomalies in the Kolo tender area, which sug-
gests either a reduced magnetization of the
rocks of the crystalline basement or a tectoni-
cally undisturbed and deeply lying top of it.
CWPd is characterized by the presence of
a thicker upper crust with reduced seismic
velocities (Guterch and Grad, 2006), which
may also be responsible for the generally
lower values of magnetic field anomalies (Pe-
tecki and Rosowiecka, 2017).

7.3. MAGNETOTELLURICS

So far, no magnetotelluric works have been
carried out directly within the Koto tender
area. There is Zgorzelec-Wizajny regional
profile (Ostrowski et al., 2007) to the north-
west of the area (Fig. 7.5). 2D inversion re-
sults are presented in Fig. 7.6. The measure-
ment step of about 4 km does not allow for a
detailed analysis of the sub-Zechstein struc-
tures, in the depth interval of 4-8 km, and it
also does not allow tracing the continuity of
certain resistance boundaries, e.g. in the area
of advanced salt tectonics. Hence, the study
proposes a concentration of measurements,
which, however, has not been the case so far.
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Fig. 7.3. Distribution of magnetic stations in the Koto tender area (based on CGDB, 2023).
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8. SUMMARY CHART

General information:

Tender area:

KOLO

Location:

Onshore

Hydrocarbon concession blocks: 189, 190, 209, 210,230

Administrative location: Kujawsko-Pomorskie Voivodeship, Inowroctaw country,
commune Kruszwica (2,.8%); Radziejow country, communes: Byton (2.70%), Piotrkow
Kujawski (11.22%), Radziejow City (0.14%), Radziejow (1.69%), Topolka (4.66%);
Wrhoctawek county, communes: Izbica Kujawska (7.18%), Lubraniec (0.04%);
Lodzkie Voivodeship, Legczyca country, commune Grabow (0,06%);

Wielkopolskie Voivodeship, Kolo country, communes: Babiak (12.91%), Chodéw
(0.48%), Dabie (5.69%), Grzegorzew (7.07%), Klodawa (9.09%), Koto City (0,09%),
Koto (6.84%), Olszowka (4.46%), Osiek Maty (4.13%), Przedecz (1.15%); Konin
country, communes Sompolno (8.39%), Wierzbinek (9.43%)

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?]:

1035.32

Accumulation type:

(1) unconventional (shale gas) in the Jurassic
(1) conventional (oil and gas) in the Mesozoic

Structural stages:

Cenozoic, Laramide, Variscan?

Petroleum plays:

(I) unconventional in the Jurassic fine-grained clastic rocks
(1) conventional in the Mesozoic

Reservoir rocks:

(1) Middle and Upper Jurassic black shales and siltstones and marly carbonates
(I1) Reed Sandstone and Lower and Middle Jurassic coarse- and medium-grained clastic
rocks; Upper Jurassic carbonate rocks, Cretaceous sandstones

Source rocks:

(1) Middle and Upper Jurassic black shales and siltstones and marly carbonates
(1) Carboniferous? fine-grained clastic rocks, Middle and Upper Jurassic fine-grained
clastic rocks and marls

(I) Middle and Upper Jurassic black shales and siltstones and marly carbonates

Seal rocks: (1) Triassic clays and evaporites, Lower and Middle Jurassic clays, Lower Cretaceous
siltstones and evaporites, Upper Cretaceous carbonates and silicicarbonates
. (1) unconventional, continuous
Trap type:

(1) conventional traps in Triassic, Jurassic and Cretaceous

Oil and gas fields:

no

Seismic surveys
(owner):

1974 Profile Regionalne 2D, 2 lines (State Treasury)
1978-1979 Mogilno-Pabianice 2D, 9 lines (State Treasury)
1979 Wioctawek-Ptock 2D, 2 lines (State Treasury)
1983-1985 Pongtow-Wartkowice 2D, 17 lines (State Treasury)
1987-1990 Ciechocinek-Brzes¢ Kuj.-Wojszyce 2D, 8 lines (State Treasury)
2013 Strzelecki Energia Sp. Z 0.0. 2D, 11 lines (State Treasury)

Wells
(depth):

AUGUSTYNOWO 1 (630.0 m)
BANACHOW IG-1 (3403.0 m)
BIERZWIENNA K-31 (1020.4 m)
BOLESEAW-1 (1550.0 m)
DLUGIE K-68 (627.0 m)
GOPLO GEOQ9 (751.5 m)
GOPLO GEO10 (507.1 m)
IZBICA 2 (1200.0 m)
IZBICA KUJAWSKA K-37 (1212.3 m)
IZBICA KUJAWSKA K-67 (521.0 m)
IZBICA KUJAWSKA K-70 (590.5 m)
KEODAWA 66 (500.7 m)
KEODAWA 71 (510.0 m)
KOCEWIA-A (542.7 m)
KOLO GT-1 (3905.0 m)
KOLO IG-3 (3905.0 m)
MARCJANOWO K-33 (1002.7 m)
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PAGORKI 1G-1 (1562.1 m)
PODTYMIEN K-69 (600.1 m)
PONETOW 1 (3007.0 m)
PONETOW 2 (2937.0 m)
PRZYBYLOW 1 (3857.0 m)
WRZACA IGH-1 (2934.8 m)

Possible minimum work program for the prospection and exploration phase

e Archival data reinterpretation and analysis

e Conducting of 2D seismic survey (at least 200 km) or 3D seismic survey (at least 50 km?)

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