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koncept eroze-transport-sedimentace

hlavni komponenty:
zrna (kfemen, zivce, ulomky hornin — magmatit, metamorfitd, starSich sedimentu)
mezizrnova hmota

* matrix (primarni, jemnozrnna)

 tmel/cement (sekundarni, vznika béhem diageneze, hrube krystalicky)

porozita (pérové/mezizrnové prostory nejsou vyplnény ani matrix ani tmelem)



klasifikace podle zrnitosti

psefit, psamit, aleurit, pelit, aleuropelit; rudit, arenit, lutit

Tabulka 1

Obecné ndzvy uZivané pro klastické sedimenty a jejich vysvétlen{ /podle J. Konty 1972/

klasickd | Cesky petrograficky vyznam latina Cesky petrograficky vyznam
feltina termin termin
pséfos obld4zek, psefit akumulace dlomku rudus valoun rudit akumulace dlom-
Stérk o velikosti nad kd o velikosti
2 mm nad 2 mm
psammos pisek psamit akumulace pisko- arena pisek arenit akumulace p{s-
vych zrn o veli- kovych zrn o
kosti 2-0,063 mm ! velikosti
2-0,063 mm
aleuron mouka aleurit akumulace pracho-
vych zrn /velikos-
ti mezi 0,063 a
0,004 mm/
lutum bah; lutit akumulace zrn a
pélos 5141, pelit akumulace j{lovych &4stic o veli-
bahno, &4stic o velikosti kosti pod
bldto pod 0,004 mm 0,063 mm
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Klasifikace castic a z nich sloZenych sedimentli podle velikosti (matrix nebo tmel

neuvazujemc).



Table 2.3 Grain-size scale for sediments and sedimentary rocks.
After Udden and Wentworth, and Blair & McPherson (1999)
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Obr. 33
Klasifikace nezpevnénych a zpevnénych sedimentd tvofenjch smési piskovych zrn a jilu.
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Obr. 40
Klasifikace nezpevnénych a zpevnénych sedimentii tvorenjch prachem a jilem.



Tabulka 4

Pojmenovdn{ a procentudlni{ rozhrani pfechodnvch &lend
horninové rady slepenec-piskovec

procent
psefitové 100 50 25 10 0
klasty 3

slepenec pis&ity slej enco- |pisko-
slepenec vity vec
piskovec
0 50 15 90 100 psamitové
procent klasty

rabulka 8

Pojmenovdni a procentudlni{ rozhran{ pfechodnjch &lent
horninové fady jilovec /j{lovitd bridlice/-vdpenec

procent
j{lové 100 90 50 10 0
Edstice
jilovec vdpnity jilovity védpenec
nebo jilovec vdpenec
jilov4 nebo
bridlice vdpnitd
bfidlice
0 10 50 90 100 kalcit

procent




Fabulka 9

Pojmenovdn{ a procentudlni rozhrani{ pfechodnych &lent

horninové rady jilovec /jilovitd bridlice/-silicit

j{lové
¢dstice

procent

procent

100 90 50 10 )

jilovec kfemity jllovity sllielit

nebo jilovec silicit

jilovd nebo

bridlice kfemitd

bfidlice
10 50 90 100 krfemitd

hmota



klasifikace podle slozeni
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8. PouZivand Klasifikace pfskovcd, tak jak byla zavedena J. Petrdnkem et al.
/1961/. Proti pivodnimu pojetf sméfujf &4ry oddélujici rizné druhy piskovct
do vrcholu trojihelnfka. Je to sprdvnéjsi, protoZe pomér mezi sou4dstmi zist4-
v4 stejny
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ULOMKY
HORNIN

9. Zdkladn{ dé&lenf piskovci je na ¥femenné piskovce, dro-
bovité piskovce, droby, arkézo 'ité piskovce a arkézy
/viz obr. 8/. Droby a arkézy, prip. i drobovité a arkézo-
vité pifskovce miZeme ddle d&'t ~a Zivcové = litické. Dé&-
leni je snadné, zdleZ{ na torm, prevlddaji-ii Zivce nad
dlomky hornin nebo naopak. Ne 4leZf na absolutnich
procentech, ale na vzdjemném’p®u *ru. Na trojihelnfku
je to zndzornéno na pfikladu arkéz, stejné postupujeme

iu drob

10



Gravel/
Conglomerate

Conglomerate

Sandy conglomerate

Muddy
sandy
conglomerate %,

’! mUddy
/ conglomerate

I
-l
T
]
1
1
I
}
1
1
1
]
]
1

Gravelly Gravelly sandstone

muddy \
mudrock

! Gravelly
sandy
mudrock

N b

Sandstone
Sand/

\ 90
Sandstone

Muddy
sandstone

=
c

o
Ly
Y
(=]
un
o

0,
Sandy Sand (%)

mudrock

Fig. 2.1 Scheme for classifying
sand—gravel-mud mixtures and the terms
for sediment and rock (after
Udden-Wentworth and Blair &
McPherson, 1999).
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starSi CZ literatura: EN:

MIKROSTRUKTURA — STRUKTURA — TEXTURE

SEDIMENTARNiI STRUKTURA - TEXTURA  — (SEDIMENTARY) STRUCTURE
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mikrostruktury
zrnitost a granulometrie, vytridéni, Sikmost - kvantitativni metody

Class | Freq. | Freq. | Cum.
% freq.
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3-4 220 e 92
2-3 160 32 48
1-2 60 12 16
0-1 20 4 4
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Grain size parameters
derived graphically,
Folk and Ward formulae

median 3.05¢

mean 2.95¢

sorting 0.92 (moderately
sorted)

skewness —-0.21 (coarse
skew)

kurtosis 0.96

® =-log,D
Dlmm]: ®:
1 0,25
0,5 1
0,25 2
0,0625 4
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Positive or fine skew

[N

Symmetrical

Poorly sorted
Well-sorted
-
w
® | Bimodal
& | distribution
w

— Decreasing
grain size

Negative or
coarse skew

Coarser Finer

Fig. 2.2 Smoothed frequency distribution curves showing types

of sorting and skewness.

pozitivni Sikmost

negativni Sikmost
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vytridéni
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sféricita
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0 0.33 0.66 1
Disc-rod index (L-1)/(L-S)

Fig. 2.5 The four classes of grain shape: spheres, discs, rods and

blades, based on the shape index (a measure of the sphericity)

and the disc-rod index. L, | and S represent the long, intermediate

short axes of the grains, respectively (after lllenberger, 1991). 20



Low sphericity  High sphericity

0

Very
angular

1

Angular 2

Sub-
angular

3

Sub-
rounded

4 Rounded 5

Well-
rounded

6

Fig. 2.6 Categories of roundness for
sediment grains. For each category a
grain of low and high sphericity is shown.
After Pettijohn et al. (1987).
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tvary a povrchy zrn

small v-shaped percussion marks. (c) Grain from desert sand sea,
Saudi Arabia, showing frosted, pock-marked surface (as a result
of upturned plates, which are visible at higher magnifications)
and conchoidal fractures resulting from mechanical chipping.

Fig. 2.7 Scanning electron micrographs of quartz sand grains
rom three modern environments. (a) Grain from glacial outwash
2eposit, Ottawa, Canada, showing conchoidal fractures and

znqular shape. (b) Grain from high-energy beach, Sierra Leone,
Mest Africa, showing rounded shape and smooth surface with

22



prostorové usporadani zrn

* {a) Cubic packing (b) Rhombohedral packing (c) Point contacts (d) Concavo-convex
(48% porosity) (26% porosity) contacts

2) Sutured contacts (f) Preferred orientation (g) Grain-supported (h) Matrix-supported
of grains fabric fabric

23



podpurna stavba matrix

Fig. 2.9 Matrix-support fabric: pebbles ‘float’ in matrix. Notice
also subtle synsedimentary folds. Tertiary deep-water pebbly
mudstone of debris-flow origin. California, USA.

Fig. 2.10 Clast-support fabric; pebbles, mainly quartzite, are in
contact and were deposited on a fan delta. Late Precambrian,

Southern Norway.

podpulrna stavba zrn
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sedimentacni prostredi

kontinentalni - aluvialni vejife, véjirove delty, fluvialni (divoCici, meandrujici
feky), eolicke, jezerni

delty (s dominantnim vlivem freky, vinéni, dmuti)

morska - pfibfezni (plazové pisky, bariérové ostrovy, tidalni ploSiny),
predbfezni (hlubokovodni panve, anoxie)

paleoproudova analyza

analyza provenience — studium puvodu (zdrojovych hornin) klastického materialu

modalni slozeni
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Fig. 5.1(?. Average modal compositions of groups of sandstones from different tectonic environments. This technique is
only valid where many different sandstone modal compositions are available and cannot be used for single sandstone
samples (modified from Folk, 1974b). Component details are documented in Table 5.5.



implikace: klima

Metamorphic source
Humid climate

Plutonic source

Humid climate @

Metamorphic
source
Arid climate

O

Plutonic source
Arid climate

F L

Fig. 2.46 Average compositions of medium sand-size fraction of

first-cycle stream sediment derived from plutonic igneous and
metamorphic sources under different climatic conditions. Q,

quartz; F, feldspar; L, lithics. 28



Ls

implikace:
erozni trendy zdrojovych oblasti

Unroofing
trend

Lm, Lm,

Fig.2.47 The trend in lithic grains (Ls, sedimentary; Lm,, low-

grade metamorphic; Lm,, medium-grade metamorphic) in

sandstones derived from the unroofing of a sedimentary-
metasedimentary complex of an arc—continent collision belt. 29



implikace:
geotektonicka pozice

TE : Passive margin

SS : Strike-slip

CA: Continental-margin arc
BA: Back-arc to island arc

TE FA: Fore-arc to island arc
SS
CA\ ) BA X
F L
CA TE FA_BA s




tézké mineraly (TM)

Fig. 2.55 Sketches of the seven most
common heavy minerals (with the
degree of weathering and or
dissolution increasing to the right)

together with their optical properties.

After Fiichtbauer (1974).

Zircon ZrSiO, tetragonal

0

D

colourless or pale,
high relief & birefringence,
parallel extinction

Tourmaline e.g. NaFe,;B3Al;3(OH)4(Al3SigO,;) hexagonal

i

1\
72>

r;.wﬁj‘ aE
?"'!.'v %
&"0')‘

pleochroic, brown, green,
high relief, mod.
birefringence,

parallel extinction

Rutile TiO, tetragonal

yellow-brown-red-opaque,
v. high relief &
birefringence,

parallel extinction

Apatite Cag(PO4)3F hexagonal

colourless, moderate
relief, weak birefringence,
parallel extinction

colourless, pale pink-brown,
high relief, isotropic

yellow, pleochroic, high
relief, low birefringence,
parallel extinction

Epidote Ca,(Al,Fe)3(OH)(SiO4); monoclinic

yellow-green pleochroic,
high relief, mod.
birefringence,

parallel extinction
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Table 4-2

Common Accessory Minerals in Sandstones and Types of Crystalline Rocks in

Which They Usually Originate

Igneous rocks Metamorphic rocks Indeterminate®
Aegerine Actinolite Enstatite
Augite Andalusite Hornblende
Chromite Chloritoid Hypersthene
IImenite Cordierite Magnetite
Olivine Diopside Sphene
Topaz Epidote Tourmaline

Garnet Zircon

Glaucophane

Kyanite

Jadeite

Rutile

Sillimanite

Staurolite

Tremolite

Wollastonite

¢ Common in both igneous and metamorphic rocks.
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Table 8-3. Stability of some detrital heavy minerals

Ultrastable Rutile, zircon, tourmaline, anatase

Stable Apatite, garnet (iron-poor), staurolite, monazite, biotite, ilmenite, magnetite
Moderately stable Epidote, kyanite, garnet (iron-rich), sillimanite, sphene, zoisite

Unstable Hornblende, actinolite, augite, diopside, hypersthene, andalusite

Very unstable Olivine

faktory ovlivAujici zachovani tézkych minerall v sedimentarnim zaznamu:
« zvétravani, eroze

« transport a sedimentace (hydraulické vlastnosti)

* expozice/zvétravani na aluvialni plosine

 diageneze (kompakce, pusobeni panevnich/konatnich vod)
* zvétravani na vychoze
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slozeni (chemismus/
mineralogie) tézkych
minerall

G

Fig. 10. lllustration of the variety of compositions shown by detrital garnets of North Sea sediments.

(a) Oseberg Formation (Middle Jurassic), Oseberg Field (from Hurst & Morton 1988). (b) Broom Formation

(Middle Jurassic), Murchison Field (from Morton 19855). (¢) Etive Formation (Middle Jurassic), Murchison

Field (from Morton 19855). (d) Ness Formation (Middle Jurassic), Oseberg Field (from Hurst & Morton 34
1988). (e) Forties formation (Palaeocene), Forties Field (from Morton 19875). AS. almandine + spessartine;

P. pyrope: g. grossuiar. Open circles have spessartine > 5%. closed circles have spessartine < 5%.



recyklace TM

ity Yo !
!"l /l‘

Fig. 8-3. Abraded tourmaline overgrowth on abraded detrital core, Cretaceous McNairy Sand, Henry
County, Tennessee, U.S.A. (Redrawn from Potter and Pryor, 1961, Plate 2)
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Fig. 8-8. Some common paths of mineral evolution



diageneze
geotermalni gradient, termalni modely

Temperature (°Q) Pressure (kbar)

0 100 200
| |

km
G

10 3 \ \
\ pressure
a) (b)

Fig. 2.53 (a) Increase in temperature with increasing depth for
Jifferent geothermal gradients. (b) Increase in hydrostatic and
thostatic (overburden) pressure with increasing depth. 37
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Tertiary sandstones
A: The Frio
B: Wilcox
/ C: Vicksburg
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Fig. 2.59 Porosity—permeability plot for three Tertiary sandstones
of the Gulf Coast subsurface, the Frio (a), Wilcox (b) and
Vicksburg (c), showing the general increase in permeability with
increasing porosity. After Loucks et al. (1984).

porozita, permeabilita
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Fig.2.56 Porosity—permeability plot for kaolinite- and illite-
cemented aeolian sandstones in the Permian Rotliegendes.
Southern North Sea. After Stalder (1973).

Fig. 2.54 Scanning electron micrograph of authigenicillite in the
form of radially arranged flakes and whiskers growing into pore
space between two sand grains (left and right of picture)
Rotliegend desert sandstone, Lower Permian. Northern Germany.

Fig. 2.55 Scanning electron micrograph of authigenic kaolinite,
consisting of stacked pseudohexagonal platy crystals, between

rounded sand grains. Rotliegend desert sandstone. Lower
Parmian Northern Germanv



tmely - kfemité (syntaxialni nartsty)

2 km burial 4 km burial

Secondary
porosity — g

K Al Si308 + A'zSIzOs(OH)a K A|3Si3OIO(OH)2 + SI02 + HZO
Feldspar Kaolinite Iite Quartz Water

Fig. 5.28. Chemical reactions between feldspar and kaolinite are triggered by continued burial to produce illite, quartz
overgrowth cements plus secondary porosity (from Bjgrlykke, 1983).
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Fig. 5.19. Solution compaction between individual grains
(porosity is stippled throughout): (a) Point grain to grain
contacts (arrowed).

(b) Stressed grain to grain contacts (large arrows), leading
to formation of dislocations in crystal fattice and
subsequent dissolution, with lateral fluid transport of
solutes (small arrows).

(c) Planar grain to grain contacts.

(d) Interpenetrating grain to grain contacts.

(¢) Sutural grain to grain contacts.

kompakce
tlakoveé rozpousténi
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tmely - kremité







tmely - karbonatové




dalSi diagenetické fenomeény:
sekundarni porozita

tmely - autigenni Zivce (narusty), jil.mineraly a zeolity, hematit, baryt
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vztah hloubky
pohrbeni, kompakce
a porozity

Burial depth (km)

5

Log porosity (%)
10 25 50

Fig. 2.60 Porosity—depth relationship for sandstones of different
composition. After Dickinson (1985), based on several sources.
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Fig. 8.2. Plots of log porosity
against depth for shales and
sandstoncs (after Sclater and
Christic 1980). The North Sea shale
data arc from sonic log values in
normally pressurcd sections,
porositics being calculated from the
sonic velocitv/porosity relation
proposcd by Magara (1976). The
North Sca sandstone data are from
the data of Sceley (1978)
supplemented by data from sonic
logs. The best-fit lines for the North
Sea data and for the south
Louisiana data of Atwater and
Miller (1965) are constrained to
pass through the surface porosity
values of Pryor (1973).
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diagenetické trendy modalniho slozeni .
® original

O present

I R

Fig. 5.37. Triangular diagram showing the present
composition of five sandstones, after dissolution and
alteration, and their reconstructed composition, assuming
15% of the grains which occupied oversized pores were

rock fragments and 85% were feldspar (from McBride,
1985).
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diageneticka prostredi

Marine early Meteoric
diagenesis recharge
SI / /
-

Meteoric diagenesis
Early leaching
T w man = Cementation

Compactional diagenesis
SOV 5 Pressure dissolution
s - o Cementation

= Over-pressured sand
Late leaching
Secondary porosity

Fig. 2.57 Sketch illustrating main siliciclastic diagenetic
environments. After Bjarlykke (1988).
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Water in sediment (%)

Surface sediment

0 20 40 60 80
| T T T
Pore water .
Stage A: expulsion
of excess porewater
Depth: 1-1", km
Inter-
layer
wgter Stage B: zone of

<«—— Increasing depth of burial

stability, little
loss of water

Stage C: loss of
interlayer water
depth: 2-4 km

|

Stage D: deep
burial water loss

1

Fig. 3.8 Diagram illustrating the stages of water loss from muddy
sediments with increasing depth of burial.
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Shallow llite Smectite Kaolinite
burial
Diagenesis
Dickite
and
Deep burial nacrite P
Diagenesis x
temp >100°C /!
Increasing /
crystallinity /
Incipient l 7
metamorphism Illite lllite
(anchizone) and and
chlorite chlorite
Greenschist ; :
metamorphism : ;
epizone "y :
| (ep ) Sericite and chlorite

Fig. 3.9 Diagram illustrating the changes of clay minerals with
increasing depth of burial and into metamorphism.
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stupen promény a krystalinity jilovych minerala (illitu)




Cteni:

V.Skocek: Petrologie sedimentl. skripta UK, Karolinum, 1993

Z Kukal: Navod k pojmenovani a klasifikaci sediment. CGU, 1985
M.E.Tucker: Sedimentary petrology. Blackwell, 3rd ed, 2001.
J.D.Collinson, D.B. Thompson: Sedimentary structures. Chapman&Hall, 1993
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