Kaustobiolity

LG II.

Rozloznik: kap. 6
Dopita — Havlena — PeSek (1985)
Robb: kap. 5.4



Kaustobiolity

m uhli

m ropa, zemni plyn,
bitumenové horniny

m hydraty CH,

spole¢ne vlastnosti:

1. jednotny puvod org. hmoty a prvkové sloZzeni: C, H, O, N
2. diagenetickée a epigenetické procesy

3. pestré formy hmoty

4. vydavat tepelnou energii
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Zakladni chemicka klasifikace
org. hmoty zemské kury

m bitumen
m huminoveé latky
m Kerogen
m karboidy



Zakladni geneticka
klasifikace kaustobiolitu

vychazi ze sloZeni vychozich hmot a z procesu vzniku

m uhli
m prirodni uhlovodiky



Uhli

Uhelné kaustobiolity - uhli

hum olity sapropelity ostatni a prechodné

hum ity liptobiolity




Prirodni uhlovodiky

m plynné¢, kapalnée, tuhe



Prouhelnovani (karbonifikace)
a bituminace

procesy maji 2 faze:

m biochemicka faze suma procestl

- akumulace org.hmoty,
- raSelinéni,
- hniti

m geochemicka faze



Geochemicka faze
prouhelnovani

anorganicke faktory:
- T, P, Cas, radioaktivita, porovitost, ...

mira prouhelnéni:
L , ;s
- parametry makroskopické a laboratorni iR

A

- strukturni zmény
- definice stadii prouhelnovaciho procesu

Anthracite
Lo

Bituminous

Sub-
“ \ bituminous

Oil —

odraznost organicke
hmoty | il Ay

Lignite

Peat

accompanying coalification and the
comparison between coals and oil
and oil shale compositions (after
Forsman and Hunt, 1958).

H (80%%) fmnmmmmmmmmmm e e oo e e 0 (30%)




Geochemicka faze
bituminace

B Procesy
m meritka bituminace
m teorie vzniku ropy



Vznik

0

uhlovodiki

Fig.25.5 Organic matter
diagenesis showing the
relationship between
temperature, depth of burial and
the petroleum products formed.
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Geneze kerogenu

Fig.25.6 The evolution paths of
the three kerogen types during
diagenesis.

Principal products of kerogen evoiution

11/,

CO,, H,0, biogenic CH,, organic acids

Oil

Gas

Residual organic matter
with no further potential for

§ hydrocarbon generation
ﬂ Kerogen evolution paths
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Vlastnosti kaustobiolity -
uhli

fyzikalni vlastnosti
chemické vlastnosti
technologicko-analytické parametry

petrologie uhli:

petrologické makroslozky

(xyliticka s., vlaknita s., leskla s. atd.)
petr. mikroslozky, maceraly

(huminit a vitrinit, liptinit, inertinit)

Jak se 1181 petrologické makroslozky hnédého a ¢ern¢ho uhli?

Dopita, Havlena, PeSek 1985: LoZiska fosilnich paliv, kap. 2



Vlastnosti — prirodni
uhlovodiky

m zemni plyn

m plynokondenzat
mFOpa

m tuhé uhlovodiky
m naftoidy

API gravity is a density scale calibrated so that density of water is
10 degrees API. Increasing API gravity = decreasing density

Condensate >55 API
Light crude 31-55 API
Medium 22-31 API
Heavy 22-10 API
Extra heavy <10 API

°API = 141,5/D(v g/cm3) — 131,5

hustota ropy



Fluorescence uhlovodiku

fluidni inkluze s uhlovodiky v kalcitu

fluidni inkluze s uhlovodiky v kfemenu



Geologie lozisek uhli

m panev paralicka a limnicka
m sloj — lavice — proplastek
m sousloji - cyklus

m jalovina

m morske patro

m tonstein (pyrokiast.)

m brousek (pyrokiast.+terigenni sed.)



Delta — akumulace,
uhlonosné cykly

— — : ' Rock units Morphological units 1?:'}";
Ay AUTIL Y St [l o Peatswamp — — _ _ ' ot I O .
- - e == on delta plain = = = - M_%?L_""_v_-Pze?t_f»vv?mep_n_@'?'_té.p_@n"’be
e S A Ganister Distributary channels,
- - R e ..., +.| Sandstone channel mouths and
- NIZIZ-->~ZZZZZ:Z-: delta front
- - o - -S¢o--- - ~.=-Z 1 "Siity mudrock _ Prodelta sits
- - - C----oICoC — = =1 Mudrock and muds New
- - R — - Marine shell band Marine incursion _____ i delt
C - e pIZC-CZIZCoZoCC M-???'_ ___________ Swamp . one
- - I oo oo oo oe o MR AN Seat earth
- ==\ Siltsandsands +, A< ZC-IC ¢ ok Channels and
t : - : - . . O.f del:ta ff:ont " s : \__\: - : : - : L—: : ------ andastone def‘ta front
C oI e T T ICZI- ST
E ————— ORI B e T e S i i
- - - - <--2--- Prodetamuds — — ~ - =~ - <~ — Mudrock with  prodelta
- - - ----~xT---------Coo-orffoos clayironstone  muds New
E _______ SZITIC-ZIZZCZCZZZC2 I delta
T - - IS CILICZICZIoToizooco Coalseams with gamo lobe
- - ~25km -~ =~ - - - —~% —Lobesof shale bands- - - - - - " - oo oo oo
R e former deltas Seat earth Channels and
- - - - - - _C-ZC-ZZZZZZZZZnowburied Sandstone delta front
A B

Fig. 244 (A) Three elongate delta lobes superposed upan each ather with the three principal
morphological units of the latest delta indicated. (B) A typical sequence of cyclothems. The positions of
the approximate boundaries between the deposits of the three main morphological units of the delta
are indicated with pecked lines.



Uhli - oblasti

Fig.24.2 World distribution of
coalfields. A, Appalachian;
D, Donets.




Geologie lozisek prirodnich
uhlovodiku

ropomatecna hornina
oziskovée pasti

horovitost

Dropustnost

migrace uhlovodiku (primarni,
sekundarni), priciny

m kolektory

m loziskova energie

m degradace loz. pasti




Bulk pore water

Sediment particle

s s Water flows out
e of source rocks

Qil globule prohibited
from moving

Structured pore water

Oil flows through
to reservoir rocks

O Water molecule

(" Hydrocarbon
./ complex

Effective porosity

i Irreducible
porosity  water films

Sand Effective

grains

Fig. B. 25.1

Migration of
hydrocarbon clathrate
along a diffusional
gradient

Clathrate

The grains of most waterlaid clastic
rocks have a very thin film of water
sticking to their grain surfaces. This
water is held in place by strong
interfacial tension and surface bonding
and cannot be shifted. It therefore
occupies some of the pore space and
impedes the flow of hydrocarbons (Fig.
B.25.1). The coarser the grain size the
less is the surface area to which this
water can adhere.



Klatraty

Clathrate hydrates (or gas clathrates, gas hydrates,
clathrates, hydrates etc) were first documented in 1810
by Sir Humphrey Davy[1]; they are crystalline water
based solids physically resembling ice, in which small non
polar molecules (typically gases) are trapped inside
"cages" of hydrogen bonded water molecules.
Without the support of the trapped molecules, the lattice
structure of hydrate clathrates would collapse into
conventional ice crystal structure or liquid water. Most low
molecular weight gases (including O,, H,, N,, CO,, CH,,
H,S, Ar, Kr, and Xe), as well as some higher hydrocarbons
and freons will form hydrates at suitable temperatures
and pressures. Clathrate hydrates are not chemical
compounds as the sequestered molecules are never
bonded to the lattice. The formation and decomposition of
clathrate hydrates are first order phase transitions, not
chemical reactions.
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/wiki/Sir_Humphrey_Davy
/wiki/Crystal
/wiki/Solid
/wiki/Ice
/wiki/Chemical_polarity
/wiki/Chemical_polarity
/wiki/Molecule
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/wiki/Hydrogen_bond
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Fig. 25.8 Structural and
stratigraphical oil traps.

(a) Anticlinal trap developed in a
sandstone reservoir in an open,
asymmetrical fold. (b) Oil trapped
by a fault seal. (c) Schematic
diagram of salt dome traps, in
supercap, cap rock and flank
sandstones (abutting, fault sealed
and pinch out). (d) Two types of
stratigraphical traps. Right,
sandstone wedge out; left,
sandstone lens.



Pasti II.
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Fig.25.10 Combinationtrap.A
north—south section throughthe
Prudhoe Bay Qilfield, Alaska.

Type of trap Number of fields

Table 25.4 Classification of two

Proportion of reserves (%) hundred giant ailfield traps and

Structural 132
Stratigraphical 44
Combination 24

percentage of oil containedin
each class.
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Loziskovy tlak a tézba

Salisbury
®
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Fig. 25.11 An anticlinal trap from which oil is being drawn. The gas—oil and oil-water contacts will
move during production so the producing wells must be drilled accordingly at sites OE. Wells atA
would quickly go over to producing gas, whereas those at B would soon produce only water. The wells
at OE would be expected to recover the last of the praducible oil! OE, oil extraction wells; Gl, a gas

injection well; WI, a water injection well.
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http://upload.wikimedia.org/wikipedia/en/c/ce/Oil_well.jpg

Prﬁzkum a tééba na Selfech

Sable Offshore
Energy Project

Mot To Scale

Proc€ jsou uhlovodiky na Selfech?
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Dal$i zdroje uhlovodiku

Figure 19-7 Oil shale and the shale oil extracted from it. Big
U.S. oil shale projects have been canceled because of exces-
sive cost. (U.S. Department of Energy)

® Tar sand
Q Oil shale
+ Gas hydrates

Fig.25.13 World distribution of importanttar sand and oil shale deposits, and the known occurrences
of gas hydrates.




Oil sands
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Hydraty CH, '

krystal ledu

molekula



http://upload.wikimedia.org/wikipedia/commons/0/03/Burning_hydrate_inlay_US_Office_Naval_Research.jpg

Rozsifeni hydratu
metanu

INDIAN
OCEAN

(=1

Map showing location and inferred thickness (in meters) of hydrates within sediments in
the high concentration area off North Carolina and South Carolina.

Figure 1. Known and inferred natural gas hydrate occurrences in marine (red circles) and permafrost
{black diamaonds) environments. Modified from K. A. Kvenvolden, U.S. Geological Survey (written commun,,
1999). The USGS is studying hydrates at sites 1 (Mackenzie Delta, Canada) and 2 (Morth Slope, Alaska).



Uvolhovani metanu

This colorized image of the ocean
surface taken from the space shuttle
makes the sea and clouds look like an
artist's abstract dabs and brushstrokes.
The bright streaks are oll slicks
produced by hydrocarbons seeping
naturally from seafloor vents.

Layers of gas hydrate in a
subsea sediment sample.
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Figure 5.38 (a) Phase diagram illustrating the regions

of gas hydrate stability under most natural conditions

in the near-surface (after Kvenvolden and McMenamin,
1980). (b) Profile across a typical ocean-sediment 24
interface in a continental margin setting, showing the
progressive increase in the width of the gas hydrate
stability zone in the ocean sediment with increasing
depth of sea water (after Kvenvolden, 1988).



Stabilita hydratd metanu II.

Temperature (°C)
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Rizika spjata s existenci
hydratu CH,

Danger to costal

cities
Hydrate formation c .
. in unprocessed , H,
Hydrate formation WEIFI:;treams I Tsunami
in well-bore or generation Greenhouse gas

drill string release

Hydrate
formation
in pipelines

Submarine slope
failure

Methane gas

Gas hydrates in subsea
sediments



Hydraty metanu v potrubi

A large gas hydrate plug formed in a subsea hydrocarbon
pipeline. Picture from Petrobras (Brazil).



Uvolhovani metanu ze
sedimentu

Potential scenario
whereby
dissociation of
gas hydrates may
give rise to
subsea slope
failure and
massive methane
gas release.

Criginal slope

Gas plume
H surface

Large block of hydrated
sediment breaking off
and sliding down slope

Dissociated (gas-fluidised)
gas hydrate

Original lower boundary
of gas hydrate stability

Reduced lower boundary
of gas hydrate stability



Methane
released to
the atmosphere

Sea level 1

Sea level 2

Vyznam

Zone of
gas-hydrate Slumping
breakdown on weak,
with free gas gas-charged
Ocean 983 ,
\ ——— Atmosphere 3.6 beneath zone

{includes dissolved
organics, and biota)

Land 2790 —
(includes soil,
biota, peat,

and detritus)
Sea level 1

Gas
hydrates

Gas hydrates stable
10,000 :

at Arctic temperatures

Methane released to
the atmosphere

Sea level 2

Distribution of arganic carbon in Earth reservairs (excluding dispersed carbon in rocks Gas hydrates break down
and sediments, which equals nearly 1,000 imes this total amount). Numbers in gigatons due to warming from
(10" tons) of carbon. - ocean water

Sea-level rise causes relatively warm ocean water to cover cold Arctic strata. The resulting
breakdown of stable gas hydrates within the sediment releases gas into the atmosphere.



