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GEN ETICKA KLASIFIKACE
LOZISEK (upraveno podie Rozloznik et al. 1987

Série Skupina Typ Formace
likvaéni Cu-Ni + PGE
magmaticka protomagmaticka Cr, PGE, C, Ti, REE
hysteromagmaticka |Cr, Ti, magnetit-apatit
jednoduché pegmatity| kiemen-zivec-slida
pegmatitova metasomatizované |\ BS: Nb-Ta’, S, Us
pegmatity Th, Au, drahé
kameny
karbonatitova REE
Endogenni skarnova 75l (O, [Pl
Co, Sn, Mo, U, ...
hydrotermalnich I pititova Nb-Ta, Zr, U, Be, ...
metasomatitu greisenova Sn-W, Mo, Be, Li
porfyrovych rud Cu, Mo, U
plutonicka A S”’ U e G
U, Ni-Co, Sb, ...
hydrotermalni  |subvulkanické oo & ARG

Pb-Zn, Hg-Sb, Cu,

vulkanoexhalacni S, B
subaericks Lkrustalni travertin, sintry
] pitna, léciva, primyslova voda
Endo- ) SelEEg Ol geotermalni energie
exogenni L Fe (Lahn Dill), Mn, Cu+Pb-Zn+Au-
vulkanosedimentarni .
. Ag (kyzoveé formace)
submarinni —
hydrotermalné Cu-Co, Cu, Pb-Zn + Ag,
sedimentarni kovonosné jily
mineralizace hydrogenni:
Exo- infiltracni |V piskovcich U, Cu red beds
endogenni v karbonatech S, sadrovec, P
v kaustobiolitech U, Ge, P
ryzoviska Sn, Nb-Ta, W, diamant, pyrop
reziduani kaolin, bauxit, Fe, Ni-laterity, ...
zvetralinoval p o1 myrolyticka bentonit
] . |druhotné oxidické a sufidické
supergenniho obohaceni Ay
Exogenni . Au, Pt, diamant, Sn, Ti, Zr, Au-U,
klasticka ox .
stérky, pisky

sedimentar
ni

chemogenni a
biochemogenni

evapority, karbonaty, silicity

organogenni

karbonaty, silicity, fosfority
kaustobiolity

teletermalni .
fluorit
kontaktné ’ Fe. Mn, V. ...
metamorfovana
kontaktné kontaktné
metamorfogenni  |metamorfni: viz skarny
‘E metasomaticka grafit, smirek,
o termometamorfni andalusit
S regionalné Fe, Mn, kyzové
E metamorfovana formace, ryzoviska
S regionalné
© 7
S regionalng metamorfni:
= . |restity grafit, sillimanit,
metamorfogenni . N ..
pegmatity azbest kiemen-zivec-
metasomatity slida  viz skarny
metamorfné Vviz hvdrotermalni




LOZISKA KAUSTOBIOLI




KAUSTOBIOLITY — ROZDELENI

CARBON CYCLE
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KAUSTOBIOLITY — SLOZKY

A4

, , -
[ (C+O+H+N+S) ]
[ BITUMEN ]_[ rozpustny vvoEganlckych uhlovodiky zejmena pro I l Iumsiniscenc I
rozpoustédlech ropu a zemni plyn

C

nerozpustny v

[ KEROGEN ]—[ organickych
rozpoustédlech,

spalitelny
[—HWTNWEE hydrosoly rozpustné v humusu, raseliné a hnédém ([ vropé ]
EATKY J alkalickych uhli — obsah klesé s ___NE
~—rozpoustédtech——— ~ prouhetnenim g

[ KARBOIDY organicka substgnce S antra_(:lt, ]
] I krystaly grafitu ’ I fuzit




UHELNA RADA




UHLI

[ Loziska vazana na paralické a limnické } PARALICKA PANEV
panve pasivni okraje kontinentl — delty,
raselinéni vs prouhelinovani laguny
S g stridani kontinentalnich a morskych
[ Uhll se obchoduje v tzv. short tons — | podminek

\ 907 ka y y .
: ., . LIMNICKA PANEV

vzhledu je uhli po celém svété stejné, ALE intrakratonni pozice — sladkovodni
mikroskopicky se muaze lisit i v ramci jedné jezera, raseliniste, baziny
panve. stabilni kdra, platformni rezim — lehdi

tezba




UHLI - VZNIK

[

ROZKLAD ORGANICKE HMOTY VYSSICH ROSTLIN |
V ANOXICKEM PROSTREDI

J

ODRAZNOST VITRINITU

KLASIFIKACE

= usporadani makromolekul

obsah vody, = parametr tepelné premény

vyhfevnost, obsah || odrazi fyzikalni a chemické zmény

prchavych slozek,

organické hmoty

odraznost vitrinitu

€¢im vyssSi prouhelnéni, tim vyssi

odrazivost svétla

Sub-bituminous

Low rank coals

Bituminous

Anthracite

High rank coals

(% S)=» ~Q - Scontent increases — ~4 — S content decreases — ~0

RASELIN LIGNIT HNEDE CERNE | ANTRACI
A UHLI UHLI T
Obsah C (%) <25 25-35 35-45 45-85 86-98 %
Obsah vody (%) > 75 25-75 10-25 4-10 <4
Odraznost vitrinitu <0.PF a-abn0-4 E— 0.5-2 > 2
(%) O,H,NtS, As, Ge, Ga,

Sekhohola-Dlamini et al. 202



UHLI - VZNIK

Plant Roots, bark, stems, Spores g Leaves Fire®,
and other plant \p °

parts tissues T

and

residues

Peatification

.

Coalification

Macerals

Peat

Vitrinites Liptinites Inertinites

https://www.uky.edu/KGS/coal/coal-
macerals.php



Peat
(not a coal)

Partially decayed plant
matter in swamps and
bogs; low heat content

Increasing heat and carbon content

Lignite
(brown coal)
Heat > Heat
Pressure Pressure

Low heat content: low
sulfur content: limited
supplies in most areas

https://brainly.com/question/2850488

2

Peat

Time

Lignite

D

Bituminous Anthracite
(soft coal) (hard coal)
Heat
Pressure

Extensively used as a fuel Highly desirable fuel because
because of its high heat content of its high heat content and
and large supplies; normally has low sultur content; supplies
a high sulfur content are limited in most areas

Pressure and heat

=

i

Bituminous

Sub-bituminous

>

Prolonged heat and pressure help form different types of coal.

Source: Adapted from the University of Kentucky

Anthracite

SWAMP ENVIRONMEN

Yo )

l i Compactinnl l

Greater; burial

e 5
-
< #
R -
-

https://mimaed.com/coal

T

by vk

Stress

PEAT
(Partially altered plant
material)

LIGNITE
(Soft brown coal)

BITUMINOUS
(Soft black coal)

o S L

ANTHRACITE
(Hard black coal)




UHLI - MAKRO PETROGRAFICKE SLOZKY

|

m- O m«Z T
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vzhledem pfipomina zuhelnatélé az

( r y 4 r A4 r \ : 1o Ci
s spalené mekké drevnaté kusy a [ VICES ‘
P . y coCky mekkeho,

S ulomky — | b x
slozka) . . . : . cerneho spiniciho
_zfejmé se jedna o mineralizovana ) b o
pletiva msl\}uﬁﬁ Offik uuté\
¥4 [ r f \V& 4 V4 w w o r \ [ V4 V4 r
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\ wasrlid J
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matna latka slozena z jemnych . e 1 2
[ DETRIT ]— : ) ata slozena 2 JSmny pojivo xyliticke
ulomku xyliticke slozky + ulomky stozky

| GEL-XYLIT

o /4 /4 ’
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polohy nebo prostupuje rostlinna
pletiva

gelem, syte Cerne,
lesklé a lehce




UHLI — MAKRO PETROGRAFICKE SLOZKY

x e = hedvabny
C [ FUZIT (vlaknita slozka) bar\I/vy svch:allraktlelr’em Tk, e J
E areveneno unfi
R I 2 kusy dr b kfehka, Casté
N| . [ VITRIT (leskla slozka) ]——{ £g9eovane Kusy arev nebo e a’.CaseJ
el vrstvicky gelové latky se spory prasklinky
U —KEARH(pototesktd— /" odpovidaji gelovité ™\ /  srustem podilu

slozka - saténova zakladni hmote s rostlinnych
z ——struktura, kifehka)—— riznym mnozstvim mikrokomponent zanika
',- " DURIT (matna slozka - rostlinnych lesk a pololeskla slozka
| it 2 ikroskopickych se muze zménit v

| zrnita, drsna) ) e
\_ castic 2N matnou J




Dasgupta & Jamal, 20

running fracture
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Bjerstedt, 2018
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Mastalerz et al., 2011 k" / 2 3 4 5 C

—

Cheng et al., 20:



UHLI - MIKRO PETROGRAFICKE SLOZKY

— MACERAL

. , pro hnédé uhli — odpovida
a jejich zgelované

skupiné vitrinitu ¢erného uhli

derivaty
hoes et . .
lipidy, terpenoidy nebo primo 4[ R }
m samostatna téliska vosku a AT
) pryskytice g

( &erny material ve vybrusech — bud’ {

m mineralni fragment, nebo zuhelnatélé

vysoky podil J
N drevene uhli y,

uhliku




UHLI - MIKRO PETROGRAFICKE SLOZKY
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Coal

Vitrain Clarain Fusain Durain

¢ el EL
= Microscopic view
e |

UH Li A JEHO s i e ‘i:"ih*lnil:i: Inertinite Liptini;:e

PETROGRAFICKE Macerals m— i
SLOZKY - PREHLED i WO i ol | |
Collodetrinite || sicrinite Liptedetrinite
Vitrodetrinite || inertodetrinite Fluarinite
Gelinite Funginite Bituminite
Corpogelinite || secretinite Exsudanite
+ u/ v
Plant components Sructure Food Service
Moalecular species Cellulose Glucose Resins
Lignin Fats Waxes

Plants



UHLI - LOZISKA

RUSKO | ’

NEMECKO | dotreis )

A —BRIHFANIE | basin
POLSKO ) .
N e
V JAR J \ /\rnr)
E AUSTRALIE | Sydney basin |
USA ’
CR } sokolovska, chebska, severocCeska, kladenska,

\ plzetiska



ZIVICNA RADA




ROPA

—ROZKEAD-ORGANICKE HMOTY PLANKTONU-A—
MORSKYCH RAS

s VANOXICKEMPROSTRED—————
FOEftotal . bor et o
hmoty

; e i .
( ROPA SE OBCHODUJE V BARELECH = 158,99 L |
TYPY KEROGENU
TYP H/C O/C ORGANIKA
I >1.35 | <0.15 | morskerasy | |
[ 1.00- 0.03- plankton -
1.35 0.18 ’
1] 0.50- >0.03 rostliny, P
1.00 drevo v
residua N
I/ N N 0.20- YAV P 0 e i

Rock-Eval Source |Hydrocarbon
kerogen types organisms | potential

1000

[Typel]
Algae
R ———[(plankton)
farmation, Dﬁ_
Central Graban
. n
» Bacterially profe
€ soo degraded
c algae or
‘é", { mixtures
..P:. Waxy oil
I Resin, :;'d e

400 - cuticle, can m:za
sSpores P
Land
lants:

200 Lgno. Gas-
cgse ™ prone
wiood
Altered ‘Dead
{oxidised) carbon'

0 4 wood Mo potential
0 50 100 150
Oxygen index
l"'" Changes with
maturation Cornford, 2005



ROPA - SLOZENI

[ Olejovita kapalina tvorena smési plynnych, tékavych a

pevnych uhlovodikl a pfimeési.

|

A4 r

B

alkany (parafiny) = 15-30 %
—CVW—: 30-60 %
—sromatoe ”' ¥ - 3-30%
' asfaltény/bitumenty H  0-40 %

r\ll E
A4 1

b}
0O
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.

/" PRUMERNE
SLOZENI:
80-87 % C,
11-15 % H,
az4 % S,
\_ <1%N
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— SWEETCRUDE
ropa s obsahem siry do 0.5

A
VA%

J

(&

— SOURCRUDE—
ropa s obsahem siry nad 0.5
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A
VA%



KLASIFIKACE ROPY
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UHLOVODIKOVY SYSTEM

Railsback's Petroleum Geoscience and Subsurface Geology

TRAP SEAL
A concave-downwards geometric arrangement (a.k.a. “Cap rock™)
of seal(s) and/or of impermeable lateral equivalents Typically an impermeable ductile stratum,
a i =i ¢ of the reservoir rock; commonly an anticline or a commonly shale or evaporites, precluding
stratigraphic pinchout. Must exist in three dimensions. t){mher upward migration Seep
290t o vesterse  ¥0ePWermvene QLT e eveee o 2 ey ee Mrv e

v Gas-filled reservoir
Z D RO J Gas-oil contact
L ) For upper Oil-filled reservoir
- \ pool Possible tar mat
MIGRACE o Oil-water contact
. J e\ Water-filled reservoir
p N not labeled.
Stain Two pools,
PAST left by migrating oil the upper trapped
L y, § : structurally and
KOLEKTO Secondary migration the lower trapped
stratigraphically.
. R y Primary migration _
(T N e RESERVOIR
T E S N E N I A porous and permeable material in which the hydro-

carbons reside. Typically a layer of sandstone or lime-
stone; could be a fractured stratum of impermeable rock.

MIGRATION pathway FIVE ELEMENTS OF A

A porous and permeable conduit
Water-flleg  ITOM source to reservoir; commonly CONVENTIONAL
Sapfl a layer of sand or sandstone, PETROLEUM
SOURCE or a fault or fracture system. ACCUM UL AT'ON
A deposit rich in organic matter, which typically consists of the remains and some associated features
of phytoplankton; typically a fine-grained marine or lacustrine sediment in an absurdly simple example
(e.g. an organic-rich shale). It must have been buried to a depth at which y SR0P P

it was subjected to considerable temperature for considerable time. LBR PetroleumFive04.odg 5/2011 rev 9/2011 '



UHLOVODIKOVY SYSTEM — ZDROJOVA
HORNINA

A4

. . . 06
[ ALEURITY, PELITY) ]

==\

[ organicka hmota je v podobé kerogenu/bitumenu }

stava ropa, nebo zemni
V\I\ LIS »
IJIyII o

6.5-km)

/—Tae—#terplvtaﬁ-—kerogernﬂﬁtumernﬁﬁ cas \

VAN 4D &4

v 7 [ 4

\rychlost tvorby ropy zavisi na teploté — vic ropy = vyssi /

Cprota




UHLOVODIKOVY SYSTEM — ZDROJOVA
HORNINA

80 100 120 140 160 180

Rz ] T T T ] T T i
Reef or
1000 IR Petroleum may form Anticline Fault Stratigraphic salt
g, but is not trapped dau rap
W Heavy trap trap trap
0_
2000 =
3000 = 1_
- N Reservoir rocks
o 4000 = B e e e e e e st RS
. £2
L
5000 [~ Y ‘
2 3 _, Oil window
Petroleum does
6000 [~ not form
4 B e i
R Gas window
Sverdrup & Ragnarsdottir, 5 o
2014
4 v . ’r v v A https://opentextbq.ca/geology/
IOZlSka ro py JSOU VyS nez chapter/20-3-fossil-fuels/

GENEZE ROPY

— TERMOGE | rozpad organicke hmoty vlivem tepla
STARI NNI (95 %)
devon, karbon, jura, kfida,

loziska plynu — teplota

BIOGENNi vznikle ghlovodlky ’mohlo.u degr:cldovat —



UHLOVODIKOVY SYSTEM — MIGRACE

' PRIMARNI
| — uvolnéni ropy z matecne horniny

r I 4

~SEKUNDARNiI=transferropy————

permeabilnimi horninami, puklinami a

“plechamtztoms————————

”
Ll
1 )

i tésnéni jiz existujici

Cap rock

e ':..'-E-;I-Reservoir rock
Source rock
< Reservoir rock

Secondary migration

Primary migration

Kovacs & Zilahi-Sebess,
2018



UHLOVODIKOVY SYSTEM — PAST

Unticline Twap

Porous Reservair rock

- procesU (antiklinala, zlom, vrasa + zlom,
~solné-pneé) - g il twaps on salt dome flankis

sedimentaci (utesy, vyklineni piscité

V' 4 4 r

oy
PF.'rrr:r:aa:_-,,-e Shar
e

Salt dome

Porous Reservoir rock

Parous
Reservoir rock

https://www.vectorstock.com/roya



UHLOVODIKOVY SYSTEM — KOLEKTOR

POROZITA — objem péru ku objemu

horniny
» primarni — piskovce, slepence
» sekundarni (puklinova) — vapence,

horniny
» horizontalni je vySSi nez

vartilkeAalnit
\VAYZ RS IANCIIE A

=~ PODESTYLAJICI VOD

ROPOMATECNE BRIDLICE

http://muzeumropy.cz/tezba-ropy/



UHLOVODIKOVY SYSTEM —
TESNENI

|

Effective seal rock

Invalid seal rock

lateralni vertikalni J
vellkost poru

e plasticita I
mochnost vrstvy
mocnost sloupce
uhlovodiku
hustota uhlovodiku

\_ hloubka loziskové 5 /

strukturv T

Vertical connection of
structural fractures

oil and gas

oil and gas
Reservoir

plyn potrebuje mnohem mensi pory, aby J
neunikl

Reservoir

Taq.et al., 202



ROPA - LOZISKA

A
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ploché vrasové struktury svrchne jurského stari —
piskovce

£ r
lr4a
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Saudska Arabie — Ju




HYDRATY (KLATRATY) METANU

v o’ V4 r )4

—PRIRODNIPEVNE-SEOUCENINY, KDEJEMETAN—
VAZANY VE FORME KLATRATU (V DUTINACH

DVQ l\ ICKE MRIZKVY L E J

.
/—Vzmk—pravd'é‘ ydobhebakteridtrmrrozKtadem ekromasy v

nedokonale oxidacnich podminkach nad podminkami
ropného okna Ci termalnim rozkladem organicke hmoty
/Ff\r‘\\l\
WA~ AN E
[ PODMINKY: vysoky tlak, nizké teploty, ]
plyn, voda

( )

1 m3 hydratu obsahuje cca 168 m3 metanu

|\ J

hloubky 100-800 m

Water molecule ‘cage’

Ve
\

( POTENCIALNI LOZISKA : b
Blake Ridge (Atlantik), Mexicky zaliv,
L Kaspické more, Aljaska, Sibif ) Gas molecule

Hydraty metanu se zatim netézi — (eg methane)
neekonomické, technologie, legislativa.

https://hydrate.site.hw.ac.uk/what-are-gas-hydrate




HYDRATY (KLATRATY) META

ow methane hydrates are formed

Arctic methane hydrate
deposits above and
below lower limit of

Drill ship

BN Cccurrences of methane hydrates https://worldoceanreview.com/en/wor-1/energy/methane-hydrates/



https://www.grida.no/resources/6615

General schematic showing typical modes of gas hydrate Relict Permaost on
. i 5 recently inundated 7
occurrence relative to the geologic environment shelves (most climate sensitive?) o
% n" e . -
,%*;Z - Permafrost
n-n x
o 2 Pore-filling in sands at A
i = high concentration
e e e 50000 waer depth Gepending on botomvetertempertue) . _ % pemaltos(somepro-exsting
Minimal Gas Hydrate ) E free gas accumulations) R
(reduced gas supply) 7 =
(lotishore Sea Floof 4 Hydrate at upper edge of stability
-4— Disseiminated, Vi (climate sensitive)
porefiling  #
Hydrate-beari Hydrate-bearing
vnecoys I snd
h ; i =2 i




HYDRATY (KLATRATY) METANU

The System that can be immediately scaled up on a

commercial scale

Applicable to complicated seabed terrain Gasification
Applicable to soft seabed ground

Collected by gas lift with many experiences

Floating Production Systems
(FPS)

- .
gD = Riser

B s
it Near Sea
e A MH, Sea Water, Mud, The liquid in riser Surface
Since the excavated materials are b Methane Gas mixes with methane
sucked with the surrounding seawater, gas and the mixture
the operational plume does not occur : is lifted to sea 0 Gas Injection
2 Subsea Pipeline surface because the at near 300m
: specific gravity gets O __ water depth
o : decreasing. Methane £
Drilling Equipment \ Gas o
— o Riser
Flexible Pipe Large Diameter &
Drill O
._ 0 ! Near Sea ]
- 1_ Bottom
Slurry Discharge - MH, Sea Water, Mud,
Pipeline Shallow Methane Methane Gas
: ~ Hydrate Resource -
Image of Gas Lift

https://www.modec.com/business/newbiz/methane_hydrate.h
tml



#_anu n in the coastal seas

x>
@/ o= }\ ‘5‘\*
. /

Plankton diss

__ "1}-\ @-;(#”"f © A 1\@..--"',{_

YDRATY

LATRATY)
ETANU - VZNIK




BRIDLICOVY PLYN

 KIasicky zemni plyn uloZeny ve )
vrstvach nepropustnych jilovitych
\ bFidlic. J
PT0 jeno extrakci je nutné frakovani, )
jak vertikalnich, tak horizontalnich

- noloh Y,
rlv

~

(" Mnoho rizik t&Zby — moZnost
vyvolani zemeétreseni, kontaminace
podzemnich vod a ovzdusi, vysoka

\__Spotfeba vody béhem frakovani. /

LOZISKA
USA i Evropa

Unconventional c . I
i shale gas well onventiona
Conventional g el

gaswell e —
im --ll‘.I sy £ < S -

The shale is fractured
by the pressure
inside the well

Mixture of water, q\]'
sand, and chemical
agents

Matural gas
Mews Fram
fractures to
well

Sand grains
keeps fractures
open

https://lwww.shale-gas-information-platform.org/ship/what-is-shale-gas/index.html



BRIDLICOVY PLY

S—
RO 3

|‘ I.. :.-“-. ':-'..3? w?

A A ety 2

Legend

B ~ssessed basins with resource estimate
Assessed basins without resource estimate

”’:'F_ o - - Advanced Rosources
L5, Energy Information International, inc.
el a Administration [P

https://www.engineerlive.com/content/shale-gas-hasn-t-gone-ajvay




BRIDLICOVY PLYN

Poland Turkey Saudi Arabia Iran Russia
Shale gas: 4.1 tem| Shale gas: 0.7 tcm  Shale gas: 17.0tcm® | Total gas: 34.0tem  Total gas: 32.6 tcm
Tight oil: 2bn bl Tight oil: 5bn bbi Total oil: 158bnbbl | Total oil: 103bn bl
Canada : .
' i ]
Shale gas: 16.2 tcm .___*__‘

Tight oil: 8bn bbl

UK LNG 55.40
Balgium LNG 3517
b.Canaport  gpain

China

United States $6.04 LNG Shale gas: 31 6tcm
Shale gas: 17.6tcm $6.09 Tight oil: 32bn bbl
Tight oil: 78bn bbl Japan LNG
B £7.18
; Algeria
: Shale gas: 20.0lem
Mexico g
Shale gas: 15.4 tem Tight oil: 6bn bbi Australia
Tiaht oil: 13br1-l:lbl Shale gas: 12.21cm
9 : Qatar Tight oil: 16bn bbl
: Total gas: 24.5tem
o Total oil: 26bn bbl
Argentina Janeiro LNG
Shale gas; 22.7 tcm $7.16
Tight oil: 27bn bbl :
Current unconventional gas producer 3 'I
Planned unconventional gas production by 2020
Potential new frontier for unconventional gas - Mozambique Tanzania
I Potential new supplies of conventional o AH.-I“ Total gas: 2.8 tcm Totalgas: 1.0t%cm
gas Shale gas: 11.0tem

“edbirrsate https://www.engineerlive.com/content/shale-gas-hasn-t-gone-away



Source: Energy Information Administration based on data from various published studies.
Updated: March 10, 2010
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‘Fracking' - shale gas extraction in five easy steps

1
2
3.
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Drill down
Drill sideways along the shale bed

Crack the rock with hydraulic pressure or explosions - also known
as fracturing - ‘fracking'

Pump water at high pressure to open spaces (fractures) in the rock
Place plugs in the shaft and then 'drill out' these plugs

Treatable Water Well

Conventionall — gog ndwater Coalbed

Non-Associated Aquifers Methane
Gas

Seal

Conventionall
Associated Gas

oil
Sandstone

Water
Sandstone
Gas Rich
Shala
Sandstone

https://middleeast-business.com/what-the-frack-is-shale-gas/

e
Water, sand SHALE !;|ssure

Gas flows out and chemicals

Water, sand and chemicals
injected into well
Gas flows out

SHALE

Hydraulic
fracturing —

Fissures

https://www.eea.europa.eu/medial/infographics/shale-gas-extraction-through-hydraulic-fracturing/view



