Petrologie

Obsah:

1. UVOd 0O PEErOIOZIE «.uueeeeeeeiiieeeeeeeieeeineeeesesesssreeeeesessssseessssssssnseses 2
2. Mineralogicka klasifikace vyvrelych hornin.......cvvvvcccererenccccencennes 34
3. Uvod do sedimentarni petrografie a petrologie (sedimentologie)...60
4. Metamorfované horniny....... e eeeeeeeeeeieeeeeeienececnscssssssnssseessessesssssnns 114



Uvod do Petrologie




WHAT ARE ROCKS?

A geologists primary aim is to understand rock properties and
to deduce their geologie origins from these properties. Such
deductions further our understanding of our planet and
provide important information about fuel reserves. For ex-
ample, knowing that oil forms in certain kinds of sedimen-
tary rocks that are rich in organic matter allows us to explore
for new oil reserves more intelligently. Similarly, our knowl-
edge of the properties of rocks will help us find new reserves
of other useful and economically valuable rnineral and energy
resources, such as gas, coal, and metal ores.



Understanding how rocks form also guides us in solv- ing
environmental problems. Will this rock be prone to earthquake-
triggered landslides? How might it transmit polluted waters in the
ground? The underground storage of radioactive and other wastes
depends on analysis of the rockto be used as a repository.

In the rest of this chapter, we turn our attention to the major
groups of rocks, the minerals that form them, and the plate
tectonic environments in which rocks form.

A rock is a naturally occurring solid aggregate of miner-als or, in
some cases, nonmineral solid matter. Some rocks, such as white
marble, are composed of just one mineral, in this case calcite. A
few rocks are composed of nonmineral matter. These include the
noncrystalline , glassy volcanic rocks obsidian and pumi ce and
coal, which is compacted plant remains. In an aggregate, minerals
are joined so that they retain their individua! identity (Figure 3.21).
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Igneous extrusion (lava) Extrusive igneous rocks form when
magma erupts at the surface, rapidly cooling to
fine ash or lava and developing tiny crystals.

The resulting rock, such as the
basalt sample here, is fine-grained — S ——
or has a glassy texture.

lgneous intrusion

Intrusive igneous rocks crystallize
when molten rock intrudes into
unmelted rock masses in
Earth's crust.

Large crystals grow during the
slow cooling process, producing
coarsely grained rocks such as
the granite sample shown here.

Figure 3.23 The formation of extrusive igneous rocks (basalt is shown here) and
intrusive igneous rocks (granite is shown here), [John Grotzinger/Ramén Rivera-Moret/
Harvard Mineralogical Museum.]



1 Particles of rock created 2 ..are transported
by weatlleﬁng,l it downhill by erosion. ..

3 ...and deposited as layers of
sediment on Jand or in water,...

4 ...where they form parallel
layers, or bedding.

5 Buried sediments lithify
by compaction and
cementation,

6 Siliciclastic sediments are 7 Chemical and biochemical
made of deposited particles sediments are precipitated
of sand, silt, and gravel. from seawater or made by

coral reefs and shells.

Metamorphic rock

Figure 3.24 Weathering breaks down rock into smaller particles formatien of coral reefs. Some corals are lithified during their
that are then carried downhill and downstream by erosion to be growth phase and therefore may experience little change during
deposited as layers of sediment along continental margins. Other deep burial. left: Cross-laminated sandstone; right: fossilized coral.

sediment is produced by blochemical precipitation, such as in the [John Growinger/Ramdn Rivera-MoretMIT.)



Continental
crust \

Continental
i lithosphere ———— =,
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Contact metamorphism
occurs in limited areas

where magma intrusion meta-
morphoses neighboring rock
by its heat, forming homfels.

Ultra-high-pressure
metamorphism occurs deep
in the continental lithosphere
and oceanic crust.

Figure 3.25 Metamorphic rocks form under four main
conditions. Examples of rocks shown here are (from left to right)

Trench
Oceanic crust
™~ Dceanic lithosphere

Sediments

Regional metamorphism High-pressure, low-

occurs where high pressures temperature metamorphism

and temperatures extend over  occurs where oceanic crust

large regions. subducts beneath the leading
edge of a continental plate.

hornfels [Blophoto Associates/Fhoto Researchers], eclogite [Julie
Baldwin], micaschist [john Grominger], and blueschist [Mark Closs].
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an order for erystallization of mincrals
in magma: &.g., oliving, then pyroxens,
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Figure 4.6 Modern ideas of magmatc differentiation, thought
to be a more complex process than fiest recognized. Mekting
is usually partial. Some magmas derived from rocks of varying

COMpositions may mix, whereas other magrmas are insmiscible,
Crysmls rray be transpocted to various parts of the magma
chamber by turbulent currents in the liguid.



Country Volcano  Lava flow  Ash falls and pyroclastics  Volcanic neck with Figure 4.7 Basic eatrusive and intrusive

' igneous structures. Motica that dikes
cut across layers of country rack, but
sifls run parallel to tham, Batholiths are
the kargest forms of plutcns,

Drikes cut across lavers
of country rock...

...t sills run parallel o them

Batholiths ane the |argest forms of plutons,
covering at beast 100 km*,



BT O] Flid-induced melting ke
7 A aresult of tis mixing, magma & Above their meltng depth in
of intermediate composition the lithosphers, molen sediments

15 erupted to form arc voleinoes, combine with lithospheric magma

and change its composizion,

Oceanic sediments
Qoeanic crust basalt

Oceanic manths -
lithasphere

Asthenosphera

| Subducting oceanic crust
carries sediments with it

5 The water and molten sediments
mgve wpward and melr parts of
the averlying plate. i

2 Water remains trapped
between sediment grains a5
the pressune and
I persiing Increase,

4 . ..causing the sedimentary rocks
10 melt at lower iemperatures than
surrounding dry mantle rocks,

3 The rapped water, as well as
chemicaily bound warer, is
redeasad as the emperature

increases, ...




IGNEOUS MINERALS

Most of the minerals found in igneous rocks occur in other
classes of rocks. as well. Appendix A lists minerals that occur
in selected rock types. Primary minerals are those that form

when the rock first forms. Secondary minerals form later, via
alteration or weathering. As the student of petrology is
assumed to have studied mineralogy, this section of the text
offers a brief review of some of the more common rock-
forming minerals while focusing attention on particular
occurrences .m i.g neous rocks .



The most important rock-forming minerals are silicates.
Silicates are assigned to one of six groups-nesosilicates,
sorosilicates, inosilicates, cyclosilicates, phyllosilicates,

and tectosilicates-on the basis of their silicate structures. If
the fundamental unit of the silicates, the silica tetrahedron,
occurs as isolated unii:s connected by other ions, the mineral
has a Si to O ratio of 1:4 (-Si0,) and is a nesosilicate. Minerals
with paired silica tetrahedra are sorosilicates. Their Si:O
ranges up to 2:7 (-Si,0,). Cyclosilicates, with Si/O of 1:3

(-Sic0 ,5), have rings of tetrahedra. In the inosilicates, silica
tetrahedra form single or double chains having ideal Si to O
ratios of 1:3 and 4:11 (e.g., -Si,0, and -Sig0,, ), respectively.



The phyllosilicates are sheet-structured minerals with
Si:O of up to 2:5 (-Si,0,, ). Finally, silica tetrahedra form
threedimensional frameworks in the tectosilicates, with
Si to O ratios as high as 1:2 (e.g., -Si;04 or -Si0,). The
student should realize that these Si/O ratios are
generalizations; Al or TI may substitute for Si in silica
tetrahedra, altering the actual Si/O values.

In addition to the silicates, several other types of
minerals are important rock-forming minerals in
igneous rocks. Among these are the carbonates; certain
sulfides, sulfates, phosphates, and halides; and the
oxides, which are present in minor to abundant
guantities in some rocks. Oxides such as hematite and
carbonates such as calcite are also common as
secondary minerals.



Nesosilicates, Sorosilicates,
and Cyclosilicates

The most important igneous rock-forming nesosilicates are
the olivines. Others include garnets, zircon, topaz, and the
aluminum silicates (andalusite, kyanite, and sillimanite). The
olivines constitute the solid solution series Mg2Si0,-Fe,Si0,.
Magnesium-rich olivines, especially forsterites, are important
minerals in low-silica rocks (e.g., rock 1, table 3.1), as well as
in some intermediate-silica volcanic rocks. Olivine typically
forms subhedral to anhedral equant grains, but may form

euhedral phenocrysts, skeletal crystals, or rare bladed crystals
in volcanic rocks.



Mg-rich olivines are unstable in the presence of quartz for reasons
that will be made clear in chapter 5. Iron-rich olivines are
somewhat less common than the magnesium-rich varieties.
Fayalite [(FeMg)zSi04], the ironrich endmember of the series,
occurs locally with quartz in some silica-oversaturated igneous
rocks and is also found in iron-rich, low-silica rocks.

The remaining nesosilicates usually comprise a small
percentage of the minerals in specific types of igneous rocks.
Exceptionally, gamet may form local concentrations, rivaling
other minerals in abundance. Aluminous gamets, topaz, and
the aluminum silicates al! occur in peraluminous silica-rich
rocks. Zircon is ubiquitous in siliceous rocks. Sphene is a
common, minor mineral, especially in plutonic rocks. All of
these minerals typically form small to very small euhedral
crystals.



The only common sorosilicates found in igneous rocks are
minerals of the epidote group. Allanite forms microscopic
grains in biotite in many intermediate- to high-silica plutonic
rocks. Epidote may occur as a primary phase in the siliceous
plutonic rocks (Zen and Hammarstrom, 1984; B. W. Evans
and Vance, 1987), but it is usually secondary.

Cyclosilicates are not commonly abundant but are locally
important igneous rock-forming minerals. Beryl occurs

widely as uncommon, small euhedral crystals in silica-rich
plutonic rocks and may occur as gem-quality crystals (emeralds)
in siliceous pegmatitic rocks. Similarly, tourmaline,

most commonly the black variety schorlite, appears as euhedral
forms in these rocks. Axinite occurs locally in cavities in

the siliceous plutonic rocks. Rare cordierite is a phase in both
plutonic and volcanic rocks.



| nos i licates

Inosilicates are major constituents of igheous
rocks. Of the inosilicates, only the pyroxenes
and amphiboles are abundant. Pyroxenes of
both orthorhombic characterorthopyroxenes)
and monoclinic character (clinopyroxenes)
occur over a range of rock chemistries. Only
monoclinic amphiboles are important in
igneous rocks.



The common, primary igneous pyroxenes that are calc i um-r
ich include diopside [(CaMg) ,Si ,0 (], augite
[(Ca,Na,Mg,Fe*? Al Ti),(SiAl),0], and hedenbergite [(CaFe),
Si,0¢]. 10 These grains form subhedral to euhedral phenocrysts
and anhedral grains in the groundmass of lowsilica volcanic
rocks and may occur in more siliceous rocks as well. In low-
silica plutonic rocks, augite typically forms small to medium
grains. Where the texture is ophitic, the pyroxenes may be
several centimeters long.

Calcium-poor pyroxenes include the orthopyroxenes

enstatite [(MgFe)zSi,0.] and ferrosilite [(FeMg),Si,0.] and

the clinopyroxene pigeonite [(Mg,Fe,Ca)(Mg,Fe)Si,0,]. geonite,
which is stable at high temperatures, forms small grains in low-
silica rocks. In plutonic rocks, pigeonite has usually "inverted,"
or changed to orthopyroxene containing exsolved augite.
Enstatite typically occurs as subhedral grains



in both volcanic and plutonic rocks of low silica content and
as euhedral phenocrysts in low- to intermediate-silica volcanic
rocks. Ferrosilite is reported from siliceous plutonic rocks.

Alkali pyroxenes also occur in igneous rocks. Aegirine

(Acmite) (NaFeSi,0.) and aegirine-augite occur in peralkaline
plutonic rocks. Euhedral to subhedral grains of these same two
pyroxenes occur as phenocrysts and groundmass grains in
sodic, siliceous volcanic rocks.

Homblendes and alkali amphiboles, all of which are
monoclinic, are the important amphiboles of the igneous rocks.
The hornblende group, composed of calcium amphiboles,
includes common homblende [Ca,(Mg,Fe *2),(Al,Fe3* (Si,Al)
0,,(0H),] and amphiboles such as pargasite and
ferrohastingsite.



phenocrysts in a wide range of plutonic and volcanic rocks.
Magnesium-rich homblende occurs in low-silica rocks, where it may
form anhedral grains, coronas, or large poikilitic grains. Homblende
is a very common euhedral phenocryst mineral in intermediate-
silica volcanic rocks. Commonly the hornblende has been oxidized
to form oxyhomblende (basaltic hornblende). In the more alkaliand
silica-rich rocks, more iron-rich homblendes occur. Homblende is a
particularly important mineral in the study of plutonic rocks,
because the Al content of homblende is an indicator of pressure
and therefore of depth of crystallization (Hammarstrom and Zen,
1986; Hollister et al., 1987).

Alkali-bearing amphiboles occur in soda- and potashrich igneous
rocks. Riebeckite, the only blue amphibole to occur in igneous
rocks, forms euhedral phenocrysts in peralkaline volcanic rocks and
euhedral to anhedral grains in plutonic rocks. Other alkali-bearing
amphiboles occurring in igneous rocks include barkevikite,
kaersutite, kataphorite, and arfvedsonite.



Phyllosilicates

Sheet silicates, like the chain silicates, are important constituents
of igneous rocks. Primary phyllosilicate minerals include
muscovite, phlogopite, and biotite. Secondary phyllosilicates
include minerals of the chlorite and clay groups. Biotite [K,(Mg,
Fe)c, (Fe,AlTi)y, (SigAl,_3) 0,4(0H,F),], the most common of the
phyllosilicates, occurs in a wide range of igneous rock types.
Phlogopite is simply a low-iron, high-magnesium form of biotite
that occurs in low-silica rocks. The white mica muscovite
K,(AlFe),(SicAl,)0,4(0H,F),] occurs primarily in siliceous plutonic
rocks of peraluminous character. Here it forms anhedral to
euhedral plates. In pegmatitic rocks, euhedral



muscovite crystals may reach one-third of a meter or
more in diameter. Primary muscovite does not occur in
volcanic rocks. Very fine-grained white mica, seen through
the petrographic microscope, has been called sericite,
especially in the older literature. This mica typically occurs
as a replacement or alteration product of feldspar.

Clay minerals and chlorites also typically occur as
replacement minerals. The clay replaces feldspar as well
as other minerals. Chlorite commonly replaces biotite in
silica-rich plutonic rocks and it also replaces other
ferromagnesium minerals.



Tectosilicates

Tectosilicates are the most important rock-forming minerals.
This importance arises from the fact that the group includes
the most abundant minerals of the crust (feldspars, quartz)

and because minerals of this group are used as a basis for some
rock classifications.

Quartz (Si0,) is the main silica mineral in igneous rocks. Typically
qguartz forms anhedral grains, both in plutonic rocks and in the
groundmass of many volcanic rocks. As phenocrysts, quartz may
be euhedral. Other silica minerals occurring in igneous rocks
include fibrous crystals of cristobalite and tridymite, which occur
in siliceous volcanic rocks.



The alkali feldspars [(K,Na)AISi;0g] are widely distributed in
intermediate- to high-silica rocks, but also occur in some low-silica
rocks. In porphyritic volcanic and plutonic rocks, K-rich alkali
feldspar commonly forms euhedral phenocrysts. Subhedral to
euhedral poikilitic grains are common in plutonic rocks, as are
anhedral grains. K-rich alkali feldspar in plutonic rocks may be
perthitic, containing exsolution lamellae of albite. Orthoclase and
microcline are the common alkali-feldspars in plutonic rocks,
whereas sanidine and anorthoclase occur typically in volcanic
rocks.

Plagioclase feldspar [(NaCa)Al, ,Si; ,0g] is the most abundant
crustal mineral. It occurs as euhedral to anhedral grains in all
common types of plutonic and volcanic rocks. The calcium-rich
plagioclases-anorthite, labradorite, and bytownite-are present in
low-silica rocks, whereas the Narich plagioclases-andesine,
oligoclase, and albite-are typically found in intermediate- to high-
silica rocks.



Feldspathoids, as a group, are far less abundant than feldspars.
Nepheline [(Na,_,K, ,)Al4Si,0,c], the most common of the
feldspathoids, occurs typically as anhedral grains in
undersaturated rocks. Leucite (KAISi,O;) is quite rare, occurring
as euhedral phenocrysts in some volcanic rocks. Similarly,
sodalite and cancrinite are rare constituents of silica-
undersaturated plutonic rocks.



Nonsilicates

Many of the nonsilicate rock-forming minerals that are found
in igneous rocks are listed in appendix A. Among these,
magnetite (Fe;0,)is ubiquitous and apatite [Cac(PO,);(OH,F,Cl)]
is very widely distributed.

Calcite (CaCO0,) also occurs widely, but usually as a

secondary mineral. In the unusual rocks called carbonatites,
however, calcite, along with dolomite and ankerite, is a
principal mineral.
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Quartzolite

Quartz-rich
granitoids
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%
Granite =3
%
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Quartz diorite/
Quartz gabbro?/
Quartz anorthosite

Classifications of [gneous Rocks

IUGS classification of
phaneritic feldspathic rocks, diamond-
shaped version (modified after Streckeisen,
1973, 1976). (1) Specify alkali feldspar(s)
present in each case (e.g., orthoclase
granite). (2) Alaskite may be used for light-
colored alkalifeldspar granite (M = 0-10).
M = mafic and related minerals.

(3) Trondhjemite may be used for light-
colored tonalites (M = 0-10) that contain
oligoclase or andesine. (4) Specify

20
o) Quartz 2 .
syenite X3Y etz Quartz monzodiorie Diorite/ feldspathoid(s) present in each case
: syenite monzonite uartz Gabbro?/ % . ;
NS " Puvseit le.g., nephehne-beuru.]g syenite). '
A/ ]/ Syente | Monzonite 5\§ P (5) Specify feldspathoid|s) present in each
Foid-bearing|35 Foid-bearing 85 Foldbearing /90~ .= case (e.g., nepheline syenite). (6) Essexite
syenite monzonite? [ monzodiorite/ Monzogabbro? ;
monzogabbrod7 onzogabbro may be used for nepheline
Foid-bearing monzodiorite/monzogabbro. (7) Theralite

monzodiorite/
Foid
monzogabbro%4

Foid
monzosyenite3

Foidolites.s.8

diorite/gabbro3.7 i . .
agabom = nepheline gabbro; feschenite = analcite

gabbro. (8) Many special names exist: for
example, nepheline-rich foidolites include
urtite, ijolite, and melteigite. Diorite and
gabbro (norite) are distinguished as
follows: In diorite, plagioclase is
oligoclase or andesine (< Ansg); chief
mafic minerals are hornblende and/or
biotite, in some cases also augite; olivine
is uncommon. In gabbro [norite),
plagioclase is labradorite or bytownite
(>Anso); chief mafic minerals are
clinopyroxene, orthopyroxene, and olivine.



Classifications of Igneous Rocks

IUGS classifications
of gabbroic rocks. {a) For rocks
composed of plagioclase, pyroxene,
and olivine. (b) For rocks composed
of plagioclase, orthopyroxene, and
clinopyroxene. (c} For rocks
composed of plagioclase, pyroxene,
and hornblende.

(From Streckeisen, 1976)

Pl
:k Anorthosites
() |
(leuco-)
.
Olivine ;
gabbronorite Gabbroids
_________ 85 =
(mela-)
10 10 ‘ ’
: / Plag-bearing ultramafic rocks \ ! Uitran&aﬂc
Px ol rocks
PI Pl
(b) :;’ Gabbronorite ‘i“ﬁ
10 °\ 10
/ Plag-bearing pyroxenite \
Opx Cpx
Pi
Anorthosife | Anorthosites
(© R
(leuco-)
65 4
Pyroxene
hornblende Gabbroids
gabbronorite
________ 0\ 35 -~ _T
(mela-)
10 . 10 X ¥ .
Plag-bearing hbl - | Plag-bearing px /\ § Ultramafic
Px A_ pyroxenite hornblendite Hbl Y rocks
Plag-bearing Plag-bearing
pyroxenite hornblendite



(a) ol

T R
Peridotites
9 fo A0 —— ——
o'$ 20
§$ Qlivine websterite ‘E_%% Pyroxenites
10 § %>\10
[HAN Websterite 7 i
Opx \ 10 90 | Cpx
Orthopyroxenite Clinopyroxenite
(b) o
Peridotites .

Pyroxene
hornblende
peridotite

Pyroxenites
and
0 horntllendites

Olivine Olivine
hornblende pyroxene
pyroxenite | hornblendite

Hornblende Pyroxene t
10 pyroxenite 50 hornblendite 10 | Hbl

Pyroxenite Hornblendite

UGS classification of ultramafic {phaneritic
ferromagnesian) rocks. (a) For rocks with olivine and two
pyroxenes. (b) For rocks with hornblende, olivine, and
pyroxene. Ol = olivine, Opx = orthopyroxene, Cpx =
clinopyroxene, Px = pyroxenes, Hbl = hornblende.

(From Streckeisen, 1976)



% Olivine

A classification of phaneritic ferromagnesian rocks

Clinopyroxene| _ . Biotite or .
Orthopyroxene orthopyroxene Clinopyroxene | Hornblende phiogopite Chromite
100
DUNITES
90
80
~¢————— PERIDOTITES —— Biotite olivinite
Hornblende or Chromite
70 olivinite Kimberlite olivinite
60
Harzburgite Lherzolite Wehrlite
50 4
40 -
o Olivine biotitite .
Olivine Olivine
30 z or e
hornblendite . chromitite
olivine
hlogopitite
20 - phiogop
10 .
_ PYROXENITES —————==
Orthopyroxenite \websterite Clinopyroxenite Hornblendite Biotitite Chromitite
[ (augitite)

0 L_(bronzitite)

®©Loren A. Raymond

Raymond's
lassification of phaneritic
erromagnesian {ultramafic) rocks.
From Raymond, 1984, 1993)
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40
Px + Hbl i Ol
Pyroxenites & \ Peridotites /
5 hornblendites 10

Gabbroids

Granitoids.

20  Anorthosites

20 v
Dioritoids, P
Syenitoids gabbroids,
65) anorthosites ) P
N 0 o
IUGS field classification of phaneritic (plutonic)
Foid itoid Foid dioritoids rocks. A = alkali feldspar, Hbl = hornblende, F =
old syenitolds | g gabbroids feldspathoids, P = plagioclase, Px = pyroxene, Ol = olivine,
Q = quartz.
(After Streckeisen, 1976)
Peridotites
60 60
Foidolit
bobtag 40 40
Pyroxenites Hornblendites

Px 0 Hbl



Klaafilkace walkanicloych hornun pouZivana v piipadech znalostt modaniho sloZend.
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20
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(a)

M<90

60

Alkali (—feldspar)
rhyolite (liparite)

/
Quartz-alkali 20 /
(-feldspar) Quartz )
trachyte trachyte Quanz latite
5 f— —— — —_—— _Andesﬂe e 5
Trachyte Latite
A —_——— e T e — -—Dbasalt—
Alkali 10\ Foid bearing |35 Foid bearing /90
(—feldspar) 10 / trachyte latite
trachyte
Foid bearing
afka*; &fﬁﬁgpar) Tephritc Phonolitic
phonolite tephrite
{basanite)

Mel
" » /\
F'honolmcl Tephritic )
foidite | foidite Ultramafitite
| / \
| Ol Pyx
L M=90-100

Classifications of Igneous Rocks

The
IUGS classification of
volcanic rocks
(a), including a field
classification (b).
(From Streckeisen, 1979)



(b)
M<90
60
Rhyolitoids
20
- Andesitoids
Tesichjjiakis and Basaltoids
65 P
10
10 50
Phonolitoids Tephritoids
Mel
60 60 /\

Ultramafitites

/ \

ol Pyx

Foiditoids

C.i.
]
$ basalt | mela-andesite
40 (wt)

e L
leuco-basalt]  andesite

|

IUGS chart for distinguishing between
andesite and basalt (c. i. = color index).
(After Streckeisen, 1979)



Chemicka klasifikace
vyvrelych hornin



Felaic = Fallspar-Silica

Comnposttion
Imtrusive rock bypes
Extrusive rock types

100

Bl

a0

Percentage of mineral by volume

N

lgnecus Rocks: Solids from Melts

Mafic = Mapnesinm. Ferric

Sy

M FELSIC INTERMEDIATE . RMAFIC ULTRAMAFIC
Cranite Granodiorite  Diarite Cabbro Ferdotite
Rhyolite Dacite Andesito Bazalt :

Crkhodase
fEldEPHJ'
= -ngm"a@

W3
Fyroxene
Clivine
Silica content 40% |

Sadium and potassium content

Iron, magnesium, and calcium content

iperiture at which melting starts

Classiflaation madel
of ignecus rocks, The vertical
axis shows the mineral
composition of a given rock as a
poroontage of s valume The
horzontal axis is a s@le of silica
content by weight Thus, if yvou
know by chernical analysis that a
coarsely tewtured rock sample js
abour; 7O percent silica, you
could deterrnine that its
Composition is abour & peresnt
amphibele, 3 percent blodes,

5 percent muscovite, |4 percent
plagicclase feldspar, 22 percent
quartz, and 5 percent
arthoclase feldspar. Your rock
wisltld be pranite, Alhouesh
rhyodite has the same mineral
cofnposition, its fine textire
wirld eliminate it
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Nazo + K20

Chemical classification of volcanic rocks

15 +
Phonolite
18T Tephri-
ol phonolite Trachyte
9 T Foidite Jrachy
' : dacite Rhyolite
Tephrite Basaltic / y
77 basanite tracrcmly-\
Trac hy andesite Dacite
5 T basait Andesite
. Basaltic
3 Basalt andesite 3
Picro- | \\
1 + Pas:‘.altI : | \
-ttt 4ttt
37 41 : 49 :53 57 61 I 65 69 73 77
45 63
ULTRABASIC | BASIC |INTEHMEDIATE| ACID
SiO, Wt. % IUGS chemical classification of volcanic rocks,

based on total alkalis and silica.

-(From M. J. LeBas, et al., A chemical classification of volcanic rocks based on
the total alkali-silica d':agram in Journal of Petrology, 27:745-50, 1986
Copyright © 1986 Oxford University Press, Oxford England. Reprinted by

permission.)
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Chemicka klasifikace a
nomenklatura vulkanickych

hornin (Le Bas et al. 1986).
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Chemi cka klasifikace Mg bohatych vulkani ckych hornin (diagram Tas)

Hazﬂwa O [ %]

|
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74¢

66

62

SiO; %

58 |-

54

50

46

FeO*/MgO

ﬂ
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=) Oa/\o %’/},‘-,b
LY e /4- \
. G//},;\
i ] A 1 1 |
1 2

I 1 1 PO |
3 4 5
FeO*/MgO
w
(A)
1 \ R SRS BT |
1 2 3 4 5 6
FeO*/MgO

Oxide plots for distinguishing between calc-
alkaline and tholeiitic rock series. (a) SiO, vs. FeO* /MgO, where
FeO™* represents tofal iron as FeO. (b) FeO* vs. FeO*/MgO. (c}
TiO, vs. FeO*/MgO. Curves for Amagi Volcano, Japan (A),
Kilauea Volcano, Hawaii (K), and the Skaergaard Intrusion,
Greenland (S} are shown.

(Miyashiro, 1975d)



Krivky chondriticky normalizovanych
obsahov prvkov vzécnych zemin v réz-
nych typoch bazaltov
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Obsahy niektorych stopovych prvkov v zékladnych typoch eruptivnych hornin
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Struktury a textury
vyvrelych hornin



a)
b)

b)

U vyvielvch hornin se rozlisugi:

podle uspofddani (orientace) minerdlu: stavba (textura) vesmérné zmitd a stavba linedrni a plosné
paralelni. Dale stavba fluidalni (proudova), kulovita (orbikularni) a polstarova

podle vyplnéni prostoru: stavba kompaktni a poérovita (vesikulami) k niz patii napf. pénita,
mandlovita (amygdaloidni) a miarolitova.

Struktury jsou:

stenosmermne zrnité:

podle velikosti zrna: velkozmné, velmi hrubozrnné, hrubozmné, stiedn€ zrnité, drobnozmné,
jemnozrnng, velmi jemnozrmné a celistvé

podle omezeni minerdlti: automorfni, hypautomorfni, xenomorfni, ofiticka, poikiliticka,
intersertalni, graniticka (tmavé mineraly jsou vice automortni nez svétle€), gabrova (plagioklas ma
vy§si stupen automorfie nez tmavé mineraly), graficka (pismenkova), koronitova

porfyrické struktury se dcli podle usporadani zakladni hmoty: radialn€ paprscita, sferolitova,
trachytova, nefelimitova, pilotaxitova

podle podilu skla: holokrystalicka, hypokrystalicka, hyalinni (sklovitd), mtersertilni, obdobna
ofitické, ale mezi listovitymi plagioklasy je sklo, je-li prevladajici, oznacuje se stavba jako
hyalopilitova.



Oznacovani zrnitosti hornin podle primérné velikosti zrna

Snana hf)rnu}y podle Pramérnéd velikost zrna [1nm] Piiklady hornin
zrnitosti
velkozrnnd nad 33 | pegmatity
velmi hrubozrnné 33 az10
A
hrubozrnné 10 az 3,3 Y
strednd zrnitd 3,3 aZ 1 hlubinné horniny
drobnozrnni 1 a7 0,33
Y
A
jemnozrnné 0,33 az 0,1 zékladni hmota
zilnych hornin
J
velmi jemnozrnnd, 0,1 az 0,01 I
|
. zékladni hmota,
L pad. 0,15 vylevnych hornin

1
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] lgneous rock
textures plofted in terms of
crystallinity and grain size.
Arrows indicate a range of
grain sizes within a single
rock.



Sources: Based on the observations of the author and, in part, on R. L.
Bates and Jackson {1980), Howell Williams et al. {1982), Heinrich
(1956}, and Irvine {1982). For more thorough discussions and
representations of textures, refer to the contemporary work of Williams et
al. {1982) and the classic work of Johannsen (1939).

“Terms not defined in the text are defined in the glossary.



Earth System

The sedimentary stages of the rock
cycle comprise several overlapping
processes



1 Weathering breaks down rocks

physically and cheameally. 2 Erosion carries away particles

produced by weathering.

Glacier 3 Transportation via water, glaciers,
and wind moves particles downhill.

4 Deposition (or sedimentation) occurs
when particles settle out or dissolved
minerals precipitate.

Delta
Desert

I Playa lake

l

5 Burial occurs as layers of
sediment accumulate and
~ compact previous layers.

e 6 Diagenesis, which

involves pressure.
heat, and chemical
reactions, lithifies the
sediment to make
sedimentary rocks.



Key

Multiple factors interact to create
sedimentary environments



Geographic
location and
plate tectonic

setting

Transport
agent and
medium

@ continental margin/slope




crrrr—— — O — — —

Transport agent Lake currents, waves River currents Ice, meltwater

Sediments Sand and mud, Sand, mud, and gravel Sand and dust Sand, mud, and gravel
saline precipitates in
arid climates

Climate Arid to humid Arid to humid Arid Cold

Organic processes Freshwater organisms  Organic matter in Little organic activity Little organic activity
and precipitates muddy flood deposits

_ e 1 7
Shoreline Evironments =~ | [Deha Beach Tidal flats

Transport agent River currents, waves Waves, tidal currents Tidal currents

Sediments Sand and mud Sand and gravel Sand and mud

Climate Arid to humid Arid to humid Arid to humid

Organic processes Burial of plant debris Htl:l& nminh: Organisms mix

sediments
e m oy Com—

Transport agent Ocean currents Waves and tides Waves and tides Ocean currents and
Turbidity currents waves

Sediments Mud and sand Sand and mud Calcified organisms Mud and sand

Organic processes Deposition of Deposition of Secretion of Deposition of
remains of remains of carbonates by corals remains of

arganisms organisms and other organisms organsims



6.1. Zvetravani

Jako zvétravani se oznacuje soubor procesi, jimiZ se horniny
svrchni ¢asti litosféry prizptisobuji podminkam interakce
litosféry, atmosfery, hydrosféry, biosféry a technosfery. Podileji
se na nich atmosféra zejmena na sousi, tj. klimatické podminky,
geologicke endogenni (tektonika) i exogenni

(¢innost organizmi a ¢lovéka) podminky a hydrosféra. Ta se
vyznamn¢ uplatiuje pii podmorském zvétravani, halmyrolyze.

Mechanické zvétravani je zpisobeno fyzikalnimi Ciniteli, hlavné
tlakem a teplotou. Tlak vznika zvétSovanim objemu pii
krystalizaci ledu nebo novotvofenych minerald, zvétSovanim
objemu podzemnich ¢asti rostlin, ptisobenim vody (pfiboj, priliv,
vodopady, obr. 6.4.) a ¢innost ¢lovéka (napr .

orba). Dochazi pf1 ném k rozruSovani a rozdruzovani pevnych
hornin.



Teplota: K rozrusovani hornin dochazi také podle rozdili v
tepelnych vlastnostech hornin a nerosti, které je tvori: odlupovani
povrchovych ¢asti, roztahovani skel, riist novotvorenych mineral
o v&tsim objemu. Kolisani teploty je vysledkem interference teplot
ruzného puvodu: vnitiniho tepla Zemé, tepla uvolnovaného pri
radioaktivnim rozpadu, tepla uvoliiovaneho pi1 exotermnich
reakcich zivotni Cinnosti bakterii a tepla slune¢niho zafeni.
Chemické zvétravani: zakladni podminkou je pfitomnost vody,
ktera ovlivnuje dva zakladni pochody:

hydrolyza, pii niz atmosféricky vodik H+ reaguje s alkalickymi
zeminami, kaliem a natriem a také kalciem horninotvornych
minerall, které se tim rozkladayi,

hydratace (a dehydratace) pfi niz vodik s kyslikem vytvari
molekulu, ktera se ovSem pii zvySeni teploty snadno vytésni.
Dusledkem hydratace je zména objemu, coz zpusobuje rozpad
nebo naopak zpevnéni zvétralin, vznik trhlin apod.
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oxidace vzdusnym kyslikem, uplatiiujici se napt. pii1 zvétravani
sulfidd. Dochazi k destrukci minerald obsahujicich prvky, které se
sluCuji s kyslikem (Fe, Mn, U, V)

pusobeni kyselin, které jsou dvojiho ptivodu, jednak kyseliny
produkované ptidnimi organizmy, jednak kyseliny humozni,
vznikajici pri tleni a hniti organického materialu. Kromé kyselin
rostliny vytvari 1 dalsi latky, zeyjména enzymy, které obsahuji pudni
mineraly

lontova vyména: v kyselém prostfedi ion H* vstupuje do jilovych
mineralt misto Ca®* K* a Mg?*

cinnost ¢lovéka: vyrazné zmény procesu zvétravani jsou zpusobeny
¢lovékem nepiimo okyselenim atmosfery a kyselymi desti, ptipadné
dalSimi zplodinami, zejména ve méstech

podmorské zvétravani za spolupusobeni morské vody se nazyva
halmyrolyza. Vznikajici mineraly zavisi i na hloubce, ku prikladu do
hloubek kolem 700 m vznika jiz z mineralt obsahujicich Zelezo

a horcik (hlavné s biotitem) glaukonait.



Pii chemickém zvétravani jsou horniny i horninotvorné mineraly
rozpoustény. V obou pripadech jsou rozpoustény nejprve nerovnosti,
rohy a hrany a nakonec plochy. Vznikaji tak v pfirodé bézné
zaoblené¢ tvary. Podminky jsou pfi tom opacné nez pi1 krystalizaci
magmatu, takze Bowenovo schéma plati v obraceném sledu: pfi
teplot (kfemen) , nejsndze zvétravaji ty, které vznikly za teplot
nejvyssich.

Vznik jilovych minerall a rozpousténi zavisi na rozdilnych
podminkach pH a rozdilném chovani dvou hlavnich slozek hornin
Si0, a Al,0;. Rozpustnost Si0, se zvysSujicim se pH zvysuje, zatimco
rozpustnost Al,Q, je vysoka ptedevsim pii nizkych a vysokych
hodnotach pH prostiedi.



V podstaté tak vznika podle intenzity chemického plisobenti sled:

v'mechanické (klastické) zvétravani —

v'kalcifikac¢ni sialitové zvétravani (odnos Cl, S a alkalicka reakce) —

v'silikatova zvétravani (kyselé reakce, odnos K, Na) —

valitove zvétravani, pii némz jsou za spoluptsobeni rostlin
uvolnovany oxidy trojmocnych kovu a kiemen.

Podle podilu téchto procesti muzeme rozlisit dvé hlavni skupiny

rezidualnich hornin:

a) horniny v nichz je do urcité miry zachované chemické slozeni,
vcetné poméru izotopl (Ize napf. urcovat 1 stafi izotopovymi
metodami), k nim patfi napi. vznik pid, eluvii, kamennych mofi a
zvétralinovych plastu vibec

b) horniny, jejichZ chemicke sloZeni bylo podstatné zménéno 0
odnosem, napf. laterity, Cervenozeme (terra rosa), rezidualni hliny
a vznik krasu.



Z hlediska tvorby pud je dilezita rychlost jejich vzniku. Podle
Kukala (1983) je primérna rychlost tvorby pid ve stiedoevropském
mirném pasu 1 - 2 cm/100 let, na pevnych horninach vsak to mize
trvat 1 desetitisice let. To znamena, Ze u nas rychlost eroze je o fad
vysS$i nez rychlost tvorby ptid a ze proto pady zasluhuji nejpisnéjsi
ochranu a je nutné realizovat vSechna opatieni ke snizeni jejich
eroze .

Intenzita zvétravani je funkce I=R, Es, A+H,E, T

Iw - intenzita zvétravani, R - slozeni a vlastnosti hornin, ES - mnozstvi ptijaté
solarni energie a klima, A - atmosféra, H - hydrosféra, E - energie tektonickych a
jinych pohybu, T - Casova délka plisobeni vSech faktoru. Antropogenné ovlivnény
jsou hlavné A a H. Vliv klimatu nasobi agresivita vody, ktera je pro chemicke
zvétravani (korozi) rozhodujici, pusobi hydratacné a hydrolyticky a roste se
zménou pH

s obsahem soli v roztoku. Vznikaji sadrovec, mirabilit, halit, nitrohalit, nitronatrit
a pii jejich rastu Krystalickeé tlaky az 10% Kbar.



Ceska norma (CSN 72 1001) rozlisuje podle stupné zvétravani :
zdrava hornina, v niz zadny z mineraldi neni postizen zvétravanim,

navétrala hornina, ¢ast minerala byla postizena zvétravanim,
pricemz zdravé se navzajem dotykaji,

zvétrala hornina, vétSina mineralli byla ovlivnéna zvétravanim a
zdrave se navzajem nedotykaji,

rozlozena hornina, nabyla zvétravanim raz zeminy.



6.2. Rezidualni horniny

Pt1 zvétravani vznikaji za starSich hornin na misté rezidualni horniny.
Jsou to ruzné staré zvétravaci kuiry. Podle geneze rozliSujeme rezidua
klasticka a chemogenni (cementacni).

Klasticka rezidua jsou tvofena odolnymi llomky hornin nebo

odolnymi vici zvétravani mineraly puvodnich hornin. Podle velikosti

zrna rozlisujeme:

1. Ulomkovita rezidua: kamenna téz skalni mofte (u nas vznikla v
ledovych dobach, v soucCasnosti vznikaji v arktickych
podminkéach). Rezidualni brekcie v archaiku (Kanada, Norsko) se
oznacuji jako regolity. Podle tvaru se odliSuji kamenné feky a
kamenné proudy (granitové na Sumavé, rulové na Snézce,
piskovcové v Broumovskych sténach, drobové u Domasova).
Velikost ¢astic nad 256 mm.

2. Stérkova rezidua: velikost ¢astic 2 — 256 mm

3. Piskova rezidua: velikost ¢astic 0,062 — 2 mm

4. Jilova rezidua: velikost ¢astic pod 0,062 mm
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povrchu jsou pudy. Zabyva se jimi1 védni obor pedologie
(pudoznalstvi), jehoz terminologickée zasady jsou ponékud
odlisné od petrologickych. RozliSuje se piidni druh urceny
zrnitosti (pudy pisCité, jilovitohlinité, hlinite, jilovite), pudni
typ je vyvojové stadium pldy, zavisejicich na podminkach
zvétravani a slozeni materskeé horniny (napf. Cernozem,
hnédozem, podzol, glej, rendzina bohata CaCO, apod.).
Soubor pudnich horizontu vytvafi pitdni profil na svislém fezu
klirou.



Chemogenni (cementacni) rezidua

Chemogenni rezidua vznikaji pfevazné chemickym zvétravanim a
s nim spojenymi chemickymi pfreménami ptivodni horniny. Patii k nim:

1. Kkaolin: vznika v teplém vlhkém klimatu pievazné z kyselych vyvielin, graniti,
ryoliti nebo z hornin obdobného sloZeni
(z arkoz)

2. montmorillonity a bentonity vznikaji z bazickych vyvfelin a jejich tufi

3. laterity vznikaji ve velmi vlhkém a teplém klimatu ve velmi bazickych ptdach
(pH 11), z nichZ je odnasSen kfemen a vétSinou 1 hydroxidy Zeleza. Jsou
obohaceny o hlinik a nékdy 1 o Zelezo.

4. caliche vznika v polosuchém klimatu, obohaceném o zvétraliny, karbonaty,
zejména CaCO;,

Poustni krusty (durikrusty) se rozlisuji podle slozeni: saltkrusty (zpevnéné soli),
gypkrusty (sadrovcem nebo anhydritem) a kalkrusty jsou nejéastéji zpevnéné
CaCO,.V aridnim klimatu vznikaji hlavné saltkrusty, ostatni v teplém semiaridnim.
V teplém humidnim klimatu vznikaji ferikrusty, alkrusty, silkrusty a v mirn¢é
humidnim zvétravané Fe kiry (kfemze), Zelezivce (specidlni odridy Zelezivci jsou
tzv. bechynské koule).



6.3. Zvetravani

Eroze ¢ili vymilani je rozrusujici mechanicky pochod na povrchu
litosféry, zptisobeny pohybem vody, ledu a proudiciho vzduchu (vétru) a
jimi unasenymi ¢asticemi. Hlavnim projevem eroze je vymilani, koroze a
obruSovani, abraze. Voda zpusobuje téZ erozi chemickou (napf. vznik
krasovych jevil). RozliSuje se normalni eroze za neporuSenych ptrirodnich
podminek a eroze abnormalni, pf1 nizZ nastava rychly, nékdy az
katastroficky odnos pliidni vrstvy, zpravidla zptisobena clovékem
(zemeéd¢€lstvi, turistika).

PriCinou eroze je tiZze (kdyby pohyby zemske kiiry neovliviiovaly relief,
zastavil by se celkovy odnos na sousSich na trovni 250 m n.m.).

Eroze je imérna proudici hmoté m a rychlosti v:

;
my-
FE =

}
-



Vodni eroze je zptisobena destém (dest'ova eroze), tekouci vodou (eroze
fi¢ni) nebo jezerni a morskou vodou.

Eroze glacigenni je v podstaté typu exarace, brazdéni, které pievlada u
vysokohorskych ledovcii ,kdy pretvari profil idoli, jimiZ se sunou splazy,
z puvodniho typu V na typ U uzavieny kotlovitym zavérem, karem. Tak
vznikly ku ptikladu norské fjordy. U pevninskych ledovcu prevlada
odlamovani (detrakce) a obrusovani (deterze).

Eroze vétrna zahrnuje deflaci (vétrny odnos) a vétrnou korozi, t.].
obruSovani vétrem. Deflace v naSich podminkach nema vétsi vyznam,
zejména tam, kde je zachovan rostlinny kryt. U nas se pohyblive pisky
vyskytuji v Polabi, jiznich Cechach a na Moravé, kde byly v poloving
19. stoleti vysazeny k jejich zpevnéni borovicove lesy na izemi tzv.
,Moravskeé Sahary* mezi Straznici, Bzencem a Rohatcem. Dnes se tyto
pisky t€zi na mistni vyrobu bilych cihel. I tak se na cestach, silnicich a
zoranych polich zveda prach a je pfendsSen jinam, ¢asto na znacnou
vzdalenost. Saharsky prach je napt. béZné zanasen do nasich zemépisnych
Sitek v zavislosti na klimatickych periodach zpravidla v tficetiletych
intervalech, mohutné sprase v Ciné vdé¢i za svij vznik deflaci z poustd

Gobi.



Eroze destova. Destove kapky uvolnuji z pudy castice rizného pruméru, ktere
jsou na svazich odplavovany a nastava ronovy splach, ron. Podle povahy dest¢,
zemin a podle vlastnosti svahu nastava bud’ plosny splach nebo vymilani, ¢ili
eroze ruzného stupné - struzkova, brazdova a strzova. Zvyseni acidity zesiluje
ucinky desté a vyplavovani prvki z pud.

Ricni eroze je svisla (vertikalni) a boéni (horizontalni). Svisla eroze prohlubuje
koryto, bo¢ni eroze pusobi horizontalné proti narazovému bichu, ktery je
podemilan a rozruSovan.

Prikladem rozsahu fi¢ni eroze jsou zmény koryta nékterych fek. Ku prikladu
Zluta feka od 13. do 19. stoleti nékolikrat zménila usti, zpodatku tstila do moie
asi o 700 km severnéji, pi1 katastrofickych zaplavach v roce 1889 prelozila usti
daleko k jihu a musela byt po nékolika letech uméle preloZzena do starého
koryta. Berounka ptuvodné ustila do Vltavy pifimo ve Zbraslavi a jeji dneSni tsti
vzniklo za povodné v roce 1829. K ti¢ni erozi patii 1 podzemni vyluhovani
(vznik krasu) a sufézni pohyby. Jako sufézni se oznacuje podzemni eroze
vodou prosakujici z povrchu a cirkulujici v propustnych horninach. Vznikaji
prohlubné podobn¢ krasovym zavrtiim, ve sprasich (Ji¢in, Hruba Skala,
Mnichovo Hradisté) v eluviu u Manétina a zavrtove prohlubné na Sokolovsku
ve starsedelskych piskovcich. Labe odnasi z Ceské kotliny roéné pies 900 000
tun pevného, vétSinou nerozpustneho materialu.



Jezerni eroze: Pobiezi jezer mize byt jednak akumulaéni se sedimentaci
ficniho materidlu, jednak erozivni, vymolne, které je tvofeno narazy
jezernich vin. Ty podemilaji bieh a vytvari se tzv. srub, prikry srdz, pod
nimz je nahromadéna drt’ z podemletych srazi, ta je omilana a soucasné
abraduje podlozi u¢inkem pfiboje. Z hlediska ochrany Zivotniho prostredi
maji tyto jevy zna¢ny vyznam hlavné na pobiezi umélych nadrzi,
piehradnich jezer a pod.

Morvska eroze, na styku mote s pevninou, je zpusobovana vinobitim
(narazy vin hnanych vétrem), ptilivem a odlivem, moiskymi proudy a
tsunami. Sila téchto Cinitelu je obrovska. Vytvari se podemilany srub a
abrazi ptibfezni skalni terasy.

Celkova eroze je odhadovana na 10 cm/1000 let, nejvétsi je v Asii, Africe
a Severni Americe, nizsi hodnoty ma Evropa a Australie. V mensSich
celcich jsou znacné rozdily, které zavisi na vegetaCnim krytu, nadmorské
vysce a stupni ovlivnéni ¢lovékem.



V Ceském masivu zjistili Pades a Moldan (1977) v lesnich povodich
erozi 8,5 - 12,3 mm/1000 let, v hospodaisky obdélavanych

38 - 130 mm/1000 let. V Tatrach dosahuje 86 - 95 mm a v Moravském
krasu 25 mm za 1000 let. Asi ze 40 % se na ni podili sesuvy a bahnotoky.

Piima ztrata hmoty v naSich podminkach se odhaduje na 500 t.hat.rok.
Rychlost eroze ovliviiuji klimatické a hydrogeologické podminky (napf.
srazky, teplota, slunecni svit, odpar, sila vétru), izemni pomeéry (tvar
svahu, ¢lenitost, expozice), plidni poméry (druh a typ pudy, obsah
humusu), biologické faktory (vegetaCni kryt, geologicky stav pudy) a
hospodarsko-technické faktory, napiiklad uzivani a obhospodatfovani
pudy, melioracni zasahy, vystavba komunikaci a podobné&. Zasahy
Clovéka maji ¢im dale tim vétsi vyznam, jen ve 20. stoleti se zvysily
neyméné 3x a lidskeé ovlivnéni tak prekryva vSechny ostatni vlivy.



6.4. Transport zvétralinového materialu

Na pienaSeni materialu v zoné zvétravani se podili fyzikalni a chemické

faktory hydrosfery, atmosféry, biosféry a technosféry. Rozlisujeme:

e gravitaéni transport, k némuz patii na sousi ficeni skal, sesuvy,
mikrometeority a pod vodou bahnotoky a turbiditni proudy, v kiife pak
apiry, zejmeéna solné

e transport atmosférou je dvoji. Material je pfenasen jako lomky (vaté
pisky, sopecné vyvieliny, nebo v plynném stavu. Vzduchem migruji prvky
uvolnéné pii sopecnych vybusich z magmatu (vodni para, CO,, H,S, HCI,
kovy ve formé fluoridi), z fumarol (slouceniny siry), z vrta (CO,, He,

metan) a také z energetickych (uhelné a geotermalni elektrarny) a
primyslovych zdrojt (aerosoly tézkych kovu, CO,)



transport vodou probiha:

a) ve form¢ ulomkii mineralii nebo hornin bud’ pfimo ve vodnim prostiedi
nebo pohybem po dné (rozliSuje se vleCeni, valeni a kutaleni). Pi1 tom
dochézi k diferenciaci podle velikosti a podle

mérné vahy a k opracovani podle fyzikalnich vlastnosti tlomk

b) ve formé roztoki bud’ pravych (karbonaty, sulfaty, chloridy, komplexni
slouc¢eniny jako hydrokarbonaty, bisulfidy apod.), jako koloidni roztoky
(ovlivnény elektrolyty, proto jen

v fiéni vodé€) nebo gely (v motske vod€) nebo jako suspenze (napt. S10,,
humaty zeleza a manganu)

transport ledem — vznikaji netiidéné sedimenty tvofici morény, tzv. till. | v
tomto pfipad¢ vSak dochazi k urCitému tfidéni a diferenciaci

transport ¢innosti ¢lovéka: souvisi predevSim s industridlni ¢innosti
Clovéka, s t€zbou a s dopravnimi a vodnimi stavbami, vystavbou mést apod.
Jeho rozsah a rychlost pesahuje asto piirodni procesy. V celé CR se podle
kvalifikovanych odhadl pfemisti az 3 miliardy tun zeminy ro¢né (to je 10
Riptl) a na celém svété vice nez 100 miliard tun.



V parametrech transportu jsou velké rozdily. Délka transportu muZze byt
nepatrnd, v milimetrech, ale 1 tisice kilometrt. Transport sopecného
popela atmosférou mize zpusobit po vétSim vybuchu pokles teploty v
dasledku zastinéni na celé zemékouli, ledovcove (eratické) balvany jsou
zaneseny az na severni Moravu ze Skandinavie, vltaviny z jiznich Cech se
Vltavou a Labem dostaly aZz do Drazd’an. Také v mnozZstvi jsou zasadni
rozdily. Napt. Labe unasi 50 mg/l mineralnich &astic, Zluta feka az

500 mg/I.

Podil jednotlivych zpuisobt transportu: az 89% tekami, 7% ledovci, 0,2%
atmosférou, zatimco podil organizmu a ¢lovéka je malo znam.



6.5. Usazovani (sedimentace)

Zékladni pri¢inou usazovani je previs gravitacni sily nad energii pohybu
(sniZeni rychlosti proudu, vétru, ochlazeni media, rozpousténi ledu).
Rychlost usazovani je velmi rozdilna. Ku ptikladu v Cerném mofi se usadi
v nékterych mistech 24 cm za 100 let, v jinych vibec nic. Zavisi to na
tektonickém rezimu: v ocednském prostredi v priméru 1 mm za rok,
nejrychlejSi v orogennim stadiu a pak rychlost sedimentace klesa

v postorogennim a platformnim stadiu. Krom¢ tektonického faktoru
ovliviiuji sedimentaci 1 morfologie panve, klima (tepelna energie Slunce)

a mistni prostiedi (napf. delka transportu, vzdalenost pobiezi, hloubka, pH
a eH). V dasledku zmén téchto faktort vznika

charakteristickd zonalnost sedimentti a dochazi k sedimentarni diferenciaci.
Ta je dana fyzikalnimi podminkami (diferenciace podle velikosti Castic,
podle mérn¢ hustoty) nebo chemickymi podminkami (diferenciace podle
rozpustnosti), které ovSem zavisi na zménach teploty, pH a eH. Diferenciace
se projevuje v sedimentarnich formacich jednak v prostoru, jednak v Case.



Vyvoj v prostoru je nejcastéji vyznacen ,,ubyvanim‘ mocnosti smérem k
centru panve, ,,ubyvanim* velikosti zrna, zménami v chemizmu
(charakteristicka je ku ptikladu zonalnost Fe---Mn---P smérem k centru
panve), zménami facii sedimentt. Vyvoj v €ase je charakterizovan
zvysovanim zralosti, ,,ubyvanim* velikosti zrna a zvySovanim vyznamu
nevratnych zmén (tfidéni, zmény zpiisobené ulohou Zivocichii a zménami
zpusobenymi ¢lovékem).

Jako facie se oznacuje souhrn vlastnosti sedimentt, vyplyvajicich
z podminek usazovani (razu sedimentacniho prostiedi).

Formace je parageneticky svazek facii (napt. geosynklinalni, uhelna,
tabulova). Piikladem zmény facie muze byt zjemnovani plazovych
uloZenin smérem od pobiezi. Jeji umisténi v prostoru a ¢ase se miize ménit:
pi1 stoupani hladiny se méni misto ukladani stejnych frakci smérem k
pevning, pi1 poklesu (regresi) smérem do centra panve. Facie a formace se
znazornuji ve facialnich mapach, specializovanych, napr. tektofacialnich,
litofacialnich ¢i biofacialnich.



Prostiedi sedimentace
Soubor geologickych, klimatickych a biologickych podminek ukladani
sedimenti charakterizuje jednotliva prostredi sedimentace.

Kontinentalni prostredi:

Suchozemske:

v'zvétralinové v mirném pasu, kombinace fyzikalniho a chemického
zvétravani a eroze horské

v'glacialni: ndnos morény nebo vyplavové uloZeniny materialu vynaseného
Z ledovce tavnou vodou

v'poustni: malo vody, vétSsinou malad mocnost. Podle slozeni rozliSujeme
poust¢ skalni a kamenité (Ahagar), pise¢né (Gobi), tvofené aluvidlnimi
ulozeninami (Stérkove sedimenty, vypln€ snizenin a aluvialni kuzely),
tvofen¢ jezernimi uloZeninami, pousté tvorené sprasemi, pousté
s riznymi aluvialnimi povrchy a pousté s durikrustou (saltkrusta,
gypkrusta, kalkkrusta).

v/ piimoiské roviny

v'aluvialni ploSiny



\Vodni:

v'fi¢ni, sladkovodni prostiedi, pievazné Sté€rkové ulozeniny v idolnich
nivach fek

v Jezerni

v' bazinné — Casto redukéni, kyselé vody, typické jsou kaustobiolity
(raselina, uhli) a bahenni zelezné rudy

Prechodna prostredi:

v deltové pii tsti fek do mofte, nejcastéji véjifovity tvar ukladaného
materialu

v'lagunové prostiedi je oddéleno piseénym valem od vlastniho mofe.
Vznika zpravidla uvnitt atolovych ostrovu nebo v kraterech
podmotskych sopek

v fjordy

v’ litoralni (ptibiezni) v dosahu odlivu a pfilivu

v’ Utesové



Morské prostredi:

v Selfové (neritické) vznikaji na Selfech do hloubky 200 m
v’ vnitrokontinentalnich mofi

v" kontinentalniho svahu

v bathyalni v hloubkach 200 — 3 000 m s pfimé&si fi¢niho materialu:
rudy jil, modreé a zelené bahno, koralove bahno, pisky

v abysalni (pelagické) hlubsi nez 3000 m, vysoky tlak vody a nizka
teplota. Vznikaji hleny (bahna) vapnité (globigerinovy hlen), nebo
kiemité (diatomovy a radiolaritovy hlen). Obsahuji slozky
biogenni (fasy), terigenni (kfemen, slidy, drop stones), autigenni
(sulfidy, Fosfaty, chloridy, pfinasen¢ podmotskymi prameny),
vulkanogenni (sklo) a kosmogenni (mikrometeority)

v'hlubokomoiskych piikopu



Podle geneze se rozlisuji:

Principy systému sedimentarnich hornin

Nazev Definice Mechanismus sedimentace Prostredi Hlawvni diagnosticke
znaky
Gravitity Sled sedimenti Sedimentace z gravitaénich | Obvykle hlubsi panev
{debrity) usazenych pievazné proudi se stiida s pomalou
jakymikoli gravitaénimi | sedimentaci ze suspenze
proudy
Homogenity | Homogenni vrstvy Ulozeni gravitaénim Hilubéi deprese Homogenni vistva
sedimenti ulozené proudem vyvolanym tsunanu vapenateho kalu ostie
jedinym sedimentacnim oddélena od podlozi a
pochodem nadloZi
Inundity Sledy sedimentll, usazeni | Povodné zanideji do panve | Mensi hloubky. Pozvolné prechody
viivem stiidani hrubsi detrit v okrulm vlivu osti ek | mezi vrstvani
povodiového a hrubozrnnéjiich
normalnihe stavn fek sediment, diaturbace
Konturity Sledy sedimentii ulozené | UloZeni konturovymi proudy | Nejcastéjsi hloubky Mala mocnost vrstev,
nebo plepracovane nebo prepracovand 1000-3000 m, dobfe vytiidéne
konturovymi proudy pivodnich tarbidita pevninske upati jemnozrnné piskovee,
laminy tézkoych
minerall
Periodity Rytmicky se stiidajici Stiidani podminéno MEelké mofe 1 hluboké | Pravidelnost ve stiidani
druhy sedimenti. pravidelnymi oscilacemi panve s pravidelnou sedimenti
vertikalni zmény vazany | klimatu pomaleji sedimentaci
na stejné Casove useky
Tempestity Sledy sedimentii ulozené | Zvifené masy sedimenti, Nejcastéyi v hloubkach | Hibitkove zvrstvend.
pod vlivem anomalnich | uloZeni suspenze na misté 30-100 m ostra spodni hranice
katastrofickych udalosti | nebo niZe po svahu vrstev piskoven,
jako hurikam bioturbovana svrchni
cast
Tidaliry Sedimentarni sledy Pusobeni vy¢asovych Prilivova plosina, Mazdfiteé zvrstveni,
tvofici se v okruhu proudi, periodické supralitoral, litoral 1 protismérmne sikmeé
plsobnosti piilivového a | vysychani dna sublitoral zvrstveni, jilovité
odlivového proudu utrzky
Turbidicy Sled sediment Sedimentace z turbidnich Veétéinou hiubéi panve, | Gradace, ostra spodni
usazenych pievainé proudi se stiidi s pomalou | pevninské upati i hranice, Boumova
turbidninu proudy sedimentaci ze suspenze abysalni rovina, nékdy 1 | sekvence

mélke panve 1 jezera




Rozdéleni klastickych sedimenti podle prevladayici velikosti éastic

Velikost Petrograficke oznaceni Vulkanoklastika Vapence | Rezidualni
castic | Jatinské | fecké ceské horniny
nad 256 mm balvamty vulkanicke balvany a bloky,
blokové a balvanove tufy, = ulomkova
64-256 = | -+ hrubozmny | vulkanicke kameny a = rezidua
2 = = aglomeritové tufy 9
3-04 stfednozrmny | lapill, lapiltove tufy - sterkova
2-8 drobnozmny | lapilh. lapiltove tufy rezidua
1-2 mm velmi piskovy tuf, vulkanicky
hrubozmny | pisek - é
0.5-1 = = » hrubozrnny s b
0.25-0,5 = 5 2 stiednozrnny = -
0.125-0.25 =3 = = jemnozrnmny = 2
0.062-0.125 velmi . )
JeMnoZImNy
0.004-0.062 | = vulkamicky popel, popelovy
§ = tuf, sopecny prach
™ E_ E
- =
z = B
> 0,004 - = velmi jemny vulkanicky = =
H popel. sopecay il = 5




Vulkanicke (pyroklasticke) horniny podle CSN 12670

Prumérna velikost klasta
Vv min

Pyroklasty

Tufitv
(smiseny pyroklasticky a
epiklasticky material)

Epiklasty
(vulkanickeho nebo
jiného puvodu)

64 sopecny aglomerat, tufiticky slepenec. slepenec, brekcie
aglutinat, pyroklasticka tufiticka brekcie
brekcie.

2 lapillovy tuf

1/16 hruby | tufiticky piskovec piskovec (s tufovou piimési)
popelovy tuf _

1/256 jemny | tufiticky prachovec prachovec (s fuf. piimési)

tufiticky jilovec, tufiticka
biidlice

jilovec, biidlice

Mnozstvi pyroklastického
materialu

75 az 100 %

2523z 75 %

0az 25 %




droba

20

arkoza

Z+N | - K+S

Pouzivana klasifikace piskovct, tak jak byla zavedena J. Petrankem et al. /1961/.
Proti plivodnimu pojeti sméiuji cary oddélujici rizné druhy piskovcl do vrcholu
trojahelnika. Je to spravné;si, protoZe pomér mezi soucastmi zlistava stejny.
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Zakladni déleni piskovct je na kiemenné piskovce, drobovité piskovce, droby, arkozovité
piskovce a arkdzy. Droby a arkdzy, pfip. i drobovite a arkozo- vité piskovee mizeme dale délit
na zivcové a litické. D¢€leni je snadné, zalezi na tom, prevladaji-li zivce nad ulomky hornin
nebo naopak. NezaleZi na absolutnich procentech, ale na vzijemném pomeéru. Na trojahelniku
je to znazornéno na prikladu arkoz, stejn€ postupujeme 1 u drob.
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Schéma pojmenovéni vdpenct podie R, L.
Folka /1959, 1962/. Vépence se d¢lf na tfi
druhy: alochemické /8. 1 aZz 10/, ortoche-
mické /¢. 11, 12/ a autochtonn{ /biolitické,
&. 13/. Alochemické vdpence jsou tvoieny
alochemy /klasty/ a maji v pojivu bud sparit
/I, &. 1 aZ 5/, nebo mikrit /II, &. 6 aZ 10/.
Ndzvy vépenci jsou kombinac{ jmen aloche-
mu se sparifem nebo mikritem. 1. intraspa-
rit, 2. oosparit, 3. biosparit, 4. biopelsparit,

TRy 5. pelsparit, 6. intramikrit, 7. oomikrit, 8.
65’9%%‘? biomikrit, 9. biopelmikrit, 10. pelmikzit.
0 j.;'-_'@:‘.?9:";;;_:_'{;a._'..;j. Ortochemické vépence jsou bud mikritové

/&, 11, neba dismiksitové [E. 12/. Autochtonni nebo biolitové vipence /€. 13/ jsou tvofe-
ny na misté rostoueimi organismy /kordlové, #fasové vdpenee/. Podle R. L. Folka /1959/,
mirneé upraveno
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Osm strukturnich typt vdpencd podle R. L. Folka /1959, 1962/. Ndzvy vdpenct jsou
tyto: A. mikritovy, nebo dismikritovy védpenec, B. fosiliferni mikritovy vdpenec, C.
biomikritovy vdpenec, D. biomikritovy vdpenec. Md nad 50 % alochemt, R. L. Folk
/1962/ jej na rozdil od predeslého oznaluje jako ,,packed”, tzn. s nahlou¢enymi fo-
siliemi, E. vdpenec na piechodu mezi biomikritovym a biosparitovym, F. netfidény
biosparitovy vdpenec, G. tfidény biosparitovy vdpenec, H. tfidény biosparitovy vd-
penec se zaoblenymi klasty. Jsou-li pfitomny jiné alochemy nez fosilie, nahradime
pfedponu bio- jinou / oo-, pel-, intra-/. U typu B budou misto fosilifernich mikri-
tovych vdpenci mikritovy vdpenec s ooidy, peloidy nebo intraklasty



Klasifikace vapencii podle CSN EN 12670.

vice neZ 10 % alochemickych

mené neZ 10 % alochemickych

obsah alochemickych souéisti St S _soucasti_______
v obi. % previids p;e*.._ladﬂ_ 1- lq J Mené nez 1. Yo
. sparitovy kalcit mikritova alochemickych | alochemickych
P - zakladni hmota soucasti souéasti
vice nes 25 % intraklasti intrasparitovy | inframikritovy i “:;"z bichermovy
S0 [Ii-ll'i.'l; o - vy
vapenec vapenec inal:tr aklam sty vapenec
__—_ eritaT Mikeritovy
vice nez 25 % ooidi M:ffmﬁ'? ? Vi 12:“ VApEnec s Mikntovy
ApeTy apett ooidy vapenec
miqeugez -3 mosparmw}' Blr:n:_uﬂ-::r1'n:ﬁ:j,r Fosiliferni
25% vapenec vapenec Jeritovy
mntraklasti | méné nez 312313 biopelspannovy | Biopelmikntovy vapenec
25 % ooidi | ~ ' vapenec vipenec ) biolithit
~13 pelsparinovy pelomukritovy peletovy dismukritovy
o VApEneC vapenec apenec TApenec




Chemogenni sedimenty, tvoiené pievazné vysrazenim z roztoki.
Podle slozeni rozliSujeme:

Ality - pfemisténé laterity. Maji podstatny obsah hydroxidi aluminia
(bohmit, diaspor, gibbsit a kaolinit, goethit, hematit). Casty je vysoky
obsah zeleza a niklu,

Manganolity jsou tvofeny oxidy manganu (pyroluzit, psilomelan,
hydroxidy (manganit) a karbonaty (oligonit). Mangan podle
redoxpotencialu mize byt v oxidované formé Mn4*. Manganolity
vznikaji v souCasnych motich (tzv. manganové konkrece, obsahujici
vyznamnou piimeés dalSich kovu (Fe, V). Obdobné, ale mensi jsou
konkreace jezerni vysrazené v periglacialnich podminkéach.



Ferolity jsou tvoreny mineraly Zzeleza oxidy (magnetit), hydroxidy

(limonit, hematit, goethit), silikaty (chamozit, thuringit, glaukonit),

karbonaty (siderit) a sulfidy (pyrit, markazit, melnikovit).

Vznikaji jednak vysrazenim z vody v jezerech a morich (zelezo

pochazi ze zvétralin z pevniny nebo z podmortskeho zvétravani —

halmyrolyzy). Typickeé jsou ooidy a fosfatove konkrece., jednak

z podmoftské vulkanické aktivity (typ Lahn-Dill). Podle minerdlii se

rozlisuji:

v'ferolity hydroxidu a oxidu zeleza. V ordoviku barrandienu vznikaly
v mélkovodnich podminkach pfi podmotském bazickém
vulkanismu. Oznacuji se lokalnimi nazvy jako sklenénka nebo
lotrinsk& mineta.

v'ferolity sideritové v souvislych polohach s pfimési jila (barrandien)
nebo jako Cocky v beskydské kiid¢ (tzv. pelosiderity)

v'ferolity jaspilitove, vznikaly v dasledku odliSnych podminek
(hlavné atmosferickych) v prekambrickych formacich. Stridaji se v
nich vrstvicky hematitu a magnetitu s vrstvickami kfemene (tzv.
formace BIF).
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Eh-pH diagram showing the
stability of ironbearing minerals al
one atmosphere pressure under
conditions of high dissolved
carbonate and very low reduced
sulfur. Under conditions of very
low dissolved carbonate and high
silica, iron silicates may be stable
in the region shown by the stipple
pattern.

(From R. M. Garreis and C. L.
Christ, Solutions, Minerals, and
Equilibrium. © 1965 Boston:
Jones and Bartlett Pub/ishers.
Reprinted by permission.)



Fosfority obsahuji zvySeny obsah fosforu zpravidla ve form¢ apatitu.

Vznik:

v'vysrazenim z motské vody: v hlubinné studené vodé muze byt
rozpusténo az 3x vice fosforu nez v teplé vode Selfl, kde se za pomoci
bakterii vysrazi bud’ jako konkrece nebo 1 souvisleé polohy

v’akumulaci guana (pta¢iho trusu, zejména v jeskynich).

v'vyluhovanim do podloZnich sedimentt z ploch rizného ptivodu.

Silicity jsou tvofeny pfevdzné minerdly SiO, (kifemen, cristobalit,

chalcedon, opal). Vznikaji:

v'nahromadénim schranek a jinych ¢asti zivocichu a rostlin (organogenni)
rozsivek (diatomity, kifemelina), radiolarii (radiolarity) nebo hub
(spongility), smiSené (napft. spongodiatomity)

v'chemicky vysrazené: z horkych roztoku - geyzirit a stiriolit (z vodnich
kapek rozstiikovanych kolem gejzirti), jaspilit vysrazeny z podmoiskych
horkych prament tzv. kuraku (Cerné biidlice), ze studenych vod se
vysrazi limnokvarcit



v'vzniklé z relativniho piebytku SiO, pfi diagenezi: rohovec (hornstone,
flint, chert) tvorici hlizy a Cocky nejcastéji v karbonatech

v'neurc¢itého pivodu jsou siliciem bohaté horniny, v nichZ jsou jak
radiolarie tak 1 znamky vysrazeni pi1 vulkanické ¢innosti (souvislost
se spility): bulizniky (s radiolariemi), menilitové rohovce (s radiolariemi
a diatomaceami).



Evapority vznikaji chemickym vysrazenim pii odpaifovani morské

nebo jezerni vody a maji zakonity sled:

1. faze: vypadava dolomit a aragonit

2. faze: vypadavaji sulfaty vapniku (anhydrit, sadrovec) pii
koncentraci zvysené 3,35x.

3. faze: vypadava halit (koncentrace zvysSena 10 — 60x) — hornina je
oznacovana jako sill kamenna

4. vypadavaji chloridy a sulfaty K, Mg (sylvin, karnalit) pfi
koncentraci 60x vice nez v plivodni motské vodé

Podle sloZeni vody mohou se vysrazet pi1 odparovani 1 dalsi evapority:
v’ Glauberova sul Na,SO,.10H,0
v’ natrit Na,CO,

v’ chilsky ledek (dusi¢nan sodny Na,NO,)
v’ sira — chemickou redukci sirant bakteriemi



Sketches of chevron and hopper textures in halite evaporite (rock salt)

(a) (k)

Laned . i

j‘f \t\ Evaporation
"o Lt
1 e § oy, 8} |

Sketches of evaporite depositional
settings. (a) A basinal bay isolated
by a constricted entrance from the
Gross-saclon open ocean (cf. Sonnenfeld, 1989,
figs. 13-16). (b) Cross section of
an isolated (barred) basin with a

@ topographic obstruction at the
Evapamtion, basin entrance (cf. Schmalz,
_ R T A 1969). (c) Map view of a
: "";Tf;m =" 0w landlocked, arid basin with a playa
s~ lake (cf. Kendall, 1984, fig. 1).
Cnes-saion (d) Cross section of a sabkha

along an arid coastline (vertical
scale is exaggerated to alloY
depiction of water and currents).




Selected Evaporite and Associaated Minerals and Their Formulas

Carbonates and Bicarbonetes

Nahcolite NaHCO,

Aragonite CaCO,

Calcite CaCoO,

Magnesite MgCO,

Dolomite CaMg(CO;,),
Ankerite (Ca,Mg,Fe)CO,
Trona NaCO,(HCO;,).2H,0
Pirssonite CaC0,.Na,C0O,).2H,0
Dawsonite Na,AlCO,(OH),
Chlorides

Sylvite KCI

Halite NaCl

Bischoffite MgCl,.6H,0
Carnallite KMgCl,.6H,0
Tachyhydrite CaMg,Cl.12H,0

Sulfates

Picromerite K,SO,.6H,0
Thenardite Na,SO,
Mirabilite Na,SO,.10H,0
Glauberite Na,S0,.CaSO,
Anhydrite CaSoO,

Gypsum CaSO,.2H,0
Kieserite MgSO, .H,0
Hexahydrite MgSO, .6H,0
Epsomite MgSO,.7H,0
Celestite SrSO,
Aphthitalite K;Na(SO,),
Glauberite Na,Ca(SO,),
Bloedite Na,Mg(SO,),
Schoenite K,Mg(S0,),
Langbeinite K,Mg,(SO,),
Polyhalite K,MgCa,(SO,),.2H,0
Kainite KMg(SO,)Cl.3H,0



Borates Associated Silicates of Authigenic Origin

Kernite Na,B,0,.4H,0 Quartz SiO,

Tincalconite Na,B,0,.5H,0 Adularia KALSi;Oq

Borax Na,B,0,.10H,0 Albite NaALSi,O,

Colemanite Ca,B,0,,.5H,0 Analcite NaALSi,O..H,0

Ulexite NaCaB.0,.8H,0 Searlesite NaBSi,04.H,0
Magadiite NaSi,O,;(0OH);.3H,0

Others (including those withs Phillipsite KCaAl;Si:O,..6H,0

combinations of anions) Heulandite CaALSi,0,..5H,0
lllite KAl,Fe,Mg,,(Si,Al),.0,,(OH),

Burkeite 2Na,S0,.Na,CO,

Galeite Na,SO,.Na(F,Cl) Smectites

Hanksite 9Na,S0,.2Na,CO,.KCl (K,Na,Ca,Mg), 35Al,Si,0,,(OH),.nH,0

Northupite Na,CO,.MgCO,.NaCl

Teepleite Na,B,0,.2NaCl.4H,0

Pyrite FeS,

Realgar AsS

Orpiment As,S,



Kaustobiolity jsou usazeniny tvofené organickymi slou¢eninami, které
vznikaji z rostlin (fytogenni) — humozni ¢i uhelna fada, nebo ze
Zivocichil (zoogenni) — bitumino6zni (Zivocisna fada).

Rada uhelna

Nahromadéni uhliku zavislé na rozsireni rostlin v urCitych geologickych
obdobich (karbon, terciér) a na vodnim rezimu. Raseliny vznikaji v
mistech rozsifeni mechu raseliniku za ptfinosu spodni vody bud’ jako
vrchovistni (s vyraznym klenutim v centralni ¢asti, vétSinou v horskych
podminkach — Krusné Hory), nebo jako slatinné (jizni Cechy).

Z bilkovin vznika kvasenim hnilokal (sapropel), zpevnény sapropel je
sapropelit. Sapropelity s jilovou piimési jsou horlavé bridlice.

Hnédé uhli ma vyssi obsah uhliku, vznika v reduk¢énim prostiedi. Je-li
tvoreno listy, pletivem apod. oznacuje se jako liptobiotit, jsou-li
materialem cévneé rostliny jde o humit. Takové hn¢dé uhli se oznacCuje
jako lignit. Hnédé uhli vzniklo hlavné ze smrki.



Cerné uhli méa vysoky obsah uhliku, odligné stopové prvky;,
protoze vzniklo z pralesu obrovitych preslicek a plavuni, vétSinou
v periglacialnim klimatu.

Pt1 zvySeném prouhelnéni a zpevnéni vznika z ¢erné¢ho uhli
antracit. DalSimi odridami jsou svickova uhli (kenel), ktera
vznikla z akumulaci spor, boghed z fas a sungit, nejstarsi zname
uhli z proterozoika baltického stitu. Z jantaru vznika kukersit.



Rada bituminozni

Bitumino6zni fadu tvoii Zivice, které vznikly pfevazné ze Zivocichu.
Nelze vyloucit anorganicky ptivod nékterych zivic (napf. jako relikt
metanového obalu Zemé, ktery existoval v rannych stadiich jejiho
vyvoje), ale organicky ptivod je doloZen napf. pfi Gsti Orinoka, kde
vznikaji bitumeny z organického materidlu prinasencho fekou v mélkém
siln€ protepleném mofi.

Rozlisuji se zivice:

a) plynné —zemni plyn

b) kapalné — ropa. Ropa je smés kapalnych, plynnych a pevnych
uhlovodiki. Velmi lehka ropa je bohata t€kavymi uhlovodiky
(benzinem), v lehke ropé€ prevladaji parafinové uhlovodiky, v téZke
naftenické a ve velmi té¢zké aromatické uhlovodiky.

a) pevné —zemni vosk, ozokerit, asfalt a pevny asfaltit



Microscopic description of coal

The organic units or macerals that comprise the coal mass
can be identified in all ranks of coal. Essentially macerals are
divided into three groups:

1. Huminite/vitrinite - woody materials;
2. Exinite (liptinite) - spores, resins and cuticles;
3. Inertinite - oxidised plant material.



Stopes-Heerlen classification of maceral groups, macerals and submacerals of
hard coals. From Ward (1984), after Stopes (1935), with permission of Blackwell

Publishing Ltd

Maceral Group

Maceral

YElnniie

Exinite
(liptinite)

Inertiniie

Submaceral

Telimte
Collinkn

[ Sponniie

Cutindte
Suberinite
Resinite

e Alginite

Liptodetnnite
Fleorinite
Bituminice

| Exuclatinite

' Fusinite

aEmEl s inabe

| Macnnile

Micrinite
aclerotinite
Inertadeinnite

Telooolhoitle
Gelocollinite
Desmocollinite

Corpoco linite




Macerals and group macerals recognised in hard coals. From McCabe. (1984),
with permission of the International Association of Sedimentologists

Muceral groug Maceral Marphology Origin
‘Witrinite (huminite}  Telinite Cellalar structure Cell walls of trunks, brapches, roos,
leaves
Collinle Simicharedess Reprecipitation of dissolved organic
master in 2 gel form
Vitrodeirinite Fragments of vilninie Very early degradation of plant and
humic pest particles
Sparinite Foszil form Mega- and microspores
Cutinite Bands which may have Cuticles - the outer layer of leaves,
nppendages shoats and thin stems
Exinble {liptinite) Resinite Cell fillng layers or dispersed Plant resing, waxes and other secretions
Alginite Fossil form Alpas
Liptodetrinite Fragrments of exinite Degradation residues
Fusinite Empty or mineral filled cellular Omidesed plant material = mostly
stractire; eall structare uswally charcaal from burming of vegetation
well preserved
Semifusinite Cellular struciore Panly oxidised plant magerial
Macrinite Amorphous "cement’ COoiidized pel material
Inertinite [nertodetrinite Small paiches of fusinite, Redeposited isertinies
geend-fasinite or mgcrinite
Micninite Granular, rounded grains ~1 wm Degradation of macerals during

Selertinte

in diarneter

Fossil form

coalification
hainly fungal remaing
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Diagrammatic representati'.on of microlithotype classification. From Bustin et al
(1983), 'Coal Petrology, its Principles, Methods and Applications', Geological
Association of Canada. Reproduced with permission



Minerals identified in coal (not exhaustive), from Taylor et al (1998), with
permission of Gebruder Borntraeger

Mineral Occurrence Minezral Ciccurmence
Clay minerals Chalcopyrite VETY rare
Mlite—Sercie cogmrmn - abundant Pysrhotie Very rarc
Montmorillonite TATE —COMITHEL
Kaolinie comman—abundant Phosphates
Halloysite rire Apatiee fare
Phosphorite Tane
Irom disulphides Gioyazite Tars
Pyrite FARE = COMMON Garcixite rane
Marcasibe [AFS —COTTMm
Sulphates
Carbonates Barile rire
Siclerine OO — VEry Gypsum VErY mre
GO
Ankerite COMIMON—Very Silicates (other than clays) ,
GO Zircon rane
Calcite COMIMON— VeTy B eivlabe VEry rame
COHTICTRON Staarobite YEIy rare
Dolomide Fare —COMon Tourmaline YEry Tare
Araponiie Tare Ciarmet VEry rare
Witherite rare Epidote VEry Tare
Strontianise rare Sanidine rae
Orthoclise Wery rare
Oxides Augite WEry Tare:
Hematite réare Amphibole very rane
(Juartz THFE— COITITHML Koyramite very e
Magnetite VEery Fare Chborite rare
Rutile

Very rire



Salts

Hydroxides Oy psum F&lT
Limonite [Are—COMUmon Bischofile VEry Fan: —Comiman
Croethite rare Sylvin {Sylvite) VETY CEDe = COTIKH
Diaspore rare Halite VETY Tars--COImmon
Kieserite VIEFY F58—COTEFSan
Sulphldes {other than iron) Mirabilite VETY TATE—[are
Sphalerite rare Melanterite YEry rare
CGalena rire _ Keramohalite WEry rare
Millerite VECY rare

Nore: minerals classed as abundant to common occur in many coals in significant
proportions (5-30% of mineral mailer in coal). Minerals classed as rare or very rare
commonly in small amounts ( <5% of the lota! mineral matter), but also include
some minerals which occur in somewhat larger amounts in on'ly a few coals.



Metamorfované horniny



The lithosphere and asthenosphere interact to
metamorphose rock
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Pressure and temperature increase with depth ithosoh b _ din kilob
in all regions, as shown in this cross section of a 't_ osphere. ( rESSUIE 1S MEASUIEC I REGRATS;
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Pressare {kilobars)
Depth (k)

Temperatures, pressures, and depths at which lowand
high-grade metamorphic rocks fo rm.The dark band shows
common rates at which temperature and pressure increase
with depth over much of the continents.



The lithosphere and asthenosphere interact to
metamorphose rock

Reginmal ol airia iz Regional high-pressure metamorphizsm
Regional melnmarphism, from conlimemial plate Bsplonal high-pressure metamorphism
collizioe and moumaln baibding, mkes place = along limear belts Of volanie An:s oo Al
maderaie b deep bevels umler modenats W hiph pressures and low-medSum temperatures.
ulirn-high pressures and high temperabmmes.

Shock meGhinia (1]

Shock metmmorphism, from

hizgt and shock waves of mELeonlE
impocis. metemorphases racks
imnmedigiely around the impact site.

Comiact imeiamorphism
Contact mctamocphisn affecs
a thin band of couniry rock
proiand magmas and mokien rock,
aril oims &l b gh lorsperalure

Sealloor nedamarpbism
Intruding misgma and hot rocks deive
serwansr circulation & mid-ooman
spreading cenbers, whers [t
metamarphoses exirudsd s,

Burial meiam
EBurial metamarphism at loeer

penperalines and pressures chanpes
sedimeniary moks



Regional metamorphism changes rock texture

1 Metamorphism causes sedimentary
rocks, such as shale, to form slaty
cleavage planes perpendicular to their

. 2 The original bedding 3 Regional metamorphism causes
bedding planes. : =
\l/ in a sample can be seen cleavage planes-foliation-to
from the thin sancty layers. develop in the shale, making slate.

{a) Slaty cheavage plares
—

6 Foliated rocks develop because

5 Mineral crystals in the rock grow or = Th tain platy mi Is that
4 Foliation is the result are deformed to become elongate Al.ey cc|>n ainp afy mlr(;era‘ X ¢ at.
of compressive forces. perpendicular to the compressive force. Ign along a preterred orientation.

ik




(c) 7 As intensity of metamorphism
increases, so does crystal size
and coarseness of foliation.

Increasing intensity of metamaornp hism

Lirs prids Irtermmiedlshs prmse

Inereasing erystal slan

D e = — =3 = — — _.x'%
e . = >

Increasing coarseness of Eoliation

mmmnmmmm

(d) 8 Foliated rocks are classified by the degree
of cleavage, schistosity, and banding, which
corresponds to the intenstiy of metamorphism
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Classification of Metamorphic Rocks by Texture

Classification | Characteristics Rock Name | Typi cal
Parent Rock
Foliated Distinguished by slaty Slate Sbale, sandstone
cleavage, schistosity, or Phyllite
gneissic foliation; Schist
mineral grains show Gneiss
preferred orientation
Granoblastic Granular, characterized by | Homfels Sbhale, volcanics
(nonfoliated) coarse or fine interlocking | Quartzite Quartz-rich sandstone
grains; little or no Marble Limestone, dolomite
preferred orientation Argillite S hale
Greenstone Basalt
Amphibolitea | Sbale, basalt
Granuliteb Sbale, basalt
Porphyroblastic | Large crystals set in fine | Slate to gneiss | S hale

matrix




Index minerals, grade, anél facies deseribe metamorphism
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Carreed

Changes in the mineral composition of mafie rocks,
metamorphosed under conditions ranging from low
grade to high grade.
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4. With increasing 5. ..these mineral 6 Metamorphic facies correspond 7 ...and these
Metamorphic grade, suites define to particular combinations of Combinations
mineral composition metamorphic facies.  pressure and temperature, . .. of Pand T can
changes, and ... be used to
indicate Dotted lines indicate
specific overlapping boundaries
tectonic of metamorphic

environments. facies.

8 Tectonic transport moves
rocks through different
pressuretemperature

zanes, from shallow

to deep levels in the crust, . ..

9 ... and then transports them
back to the shallow crust or
even to the surface of the Earth.



Major Minerals of Metamorphic Facies Produced from Parent
Rocks of Different Composition

Facies Minerals Produced Minerals Produced
from Sbale Parent from Basalt Parent
Greenschist Muscovite, chlorite, Albite, epidote, chlorite

quartz, albite

Amphibolite Muscovite, biotite, gamet, | Amphibole, plagioclase
quartz, albite, staurolite, |feldspar
kyanite, sillimanite

Granulite Garnet, sillimanite, albite, | Calcium-rich pyroxene,
orthoclase, quartz, biotite |calciumrich
plagioclase feldspar
Eclogite Garnet, sodium-rich Sodium-rich pyroxene,

PYroxene, garnet
quartz/coesite, kyanite




3. As rock is carried deeper in Earth's crust and is subjected
to higher temperatures and pressures (the prograde path),
the gamet crystal initially grows in a schist but ends up

o . . 4 The retrograde path indicates
growing in a gneiss as metamorphism progresses.

decreasing temperatures and
pressures as rocks are carried
toward Earth's surface.
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P-T paths and rock assemblages associated with (a)
ocean-continent plate convergence and (b)
continentcontinent plate onvergence.The P-T paths
differ in illustrating
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the lower geothermal gradients present in subduction
zones. Rocks transported to similar depths-and pressures-
beneath mountain belts become much hotter at an
equivalent depth.



Neuzivanéjsi umeélé nazvy metamorfovanych hornin

- Typy Skupina zon velmi Skupina zon Skupina zon velmi
:‘5 metamorfozy, nizkych stupiii Skupina zon nizkych Skupina zon stiednich vysokych vysokych
& geotermy metamorfozy stupiiti metamorfozy stupiiti metamorfozy metamorfnich metamorfnich
P stuprii stupiii a zon taveni

Formace SKVRNITA, PLODOVA KONTAKTNI KONTAKTNI

kontaktni UZLIKOVA, KONTAKTN{ ROHOVEC s biotitem a ROHOVEC MIGMATIT,
= metamorfozy — SNOPKOVA{ BRIDLICE andaluzitem S pyroxenem, SANIDINIT,
% andaluzitova KONTAKTNI s chistolitam PORCELANIT, cordieritem, BUCHIT
& geoterma BRIDLICE SPILOZIT, DESMOZIT korundem
el
= Formace PARARULA GRANULITOVA
= regionalni FYLITOVA FYLITOVY SVOR, s diopsidem, RULA s granitem,
g metamorfozy BRIDLICE, FYLIT sericitovy, SVOR s muskovitem, granatem, kyanitem, pyroxenem
g vysdiho tlaku — POLOFYLIT, chlorit sericitovy biotitem, kyanitem, BiLA BRIDLICE GRANULIT
2 kyanidova ASPIDNI BRIDLICE staurolitem s fengitem, s hypersténem,
= geoterma granatem a BIL A BRIDLICE s
S omfacitem coesitem
g GRANULITOVA
2, Formace BIOTITOV A RULA,
é regionalni SVOR s andaluzitem, PARARULA GRANULIT s
=S metamorfozy SVOROVA PARARULA s amfibolem, hypersténem
=2 nizgiho tlaku — s muskovitem a biotitem, sillimanitem a SUEVIT, KARNAIT,
2 sillimanitova SMIREK, DIASPORIT cordierit + KZivec, ALEMONIT,
% geoterma KORUNDIT FULGURIT, )
A~ THETOMORFNI

SKLO




KONGLOME-

= METAKONGLO- KONGLOMER A- KONGLOME- RATOVARULA

= MERAT, TOVY FYLIT, RATOVY SVOR, KVARCIT se

2, METADROBA, KVARCIT se sericitem | KVARCIT s muskovitem, sillimanitem, PYROPOVY
i METAARKOZ A a chloritem biotitem, kalcitem, granatem, KVARCIT

-E turmalinem pyroxenem

5 SPARAGMIT JADEITOVY

A~ KVARCIT

MRAMOR

& KRYSTALICKY KALCITOVY,

g VAPENEC a DOLOMITOVY MRAMOR MRAMOR

k= KATAKLAZOVAN DOLOMIT s diopsidem, forsteritem, s wollastanitem, s melilitem, spuritem,
< = Y KARBONAT (MRAMOR) skapolitem, MAGNEZIT, chondroditem, larnitem, tilleyitem,
g = (vapenec, dolomit) s tremolitem, zoisitem, SIDERIT, A}\]KERI:[‘, ERLAN merwinitem apod.
£ flogopitem KARBONATO-VY S pyroxenem

=y KARBONATOVY SVOR, ERLAN s

- FYLIT pidotem, vesuvianem

BLUDOVIT, EGER AN

= o METAMANGANOL § OTTRELITOVA

E = IT BRIDLICE, ITABIRIT, } SKARN

e E METAFEROLIT JASPILIT ZELEZITY KVARCIT SKARN SKARN

=

= SUNGIT GRAFITOVA

E ANTRACIT GRAFITOVY FYLIT GRAFITOVY SVOR PARARULA

gn KARBONIT
Q




geoterma

Formace KATAKLAZO-
.| kontaktnia VANE GABRO ZELENA BRIDLICE AMFIBOLIT ALBIT- PLAGIO- MIGMATIZOVANY
L= regionalni KATAKLAZO- s albitem, chloritem, EPIDOTOVY, KLASOVY AMFIBOLIT
= TE metamorfézy — | VANY BAZALT zoisitem, aktinolitem, BAZICKY AMFIBOLIT BAZICKY
& & | sillimanitové a METAGABRO METAGABRO a ORTOROHOVEC BAZICKY GRANULIT
kyanidova METABAZALT se METABAZALT s s epidotem, amfibolem ORTOROHOVEC | (TRAPGRANULIT)
geoterma zeolity uralitem S pyroxeny
Formace
.| vysokotlaké METAGABRO a MODRA BRIDLICE, EKLOGITOVY EKLOGIT
o T § metamorfézy— | METABAZALT s GLAUKOFANIT AMFIBOLIT s coesitem,
T EQ kyanitovia lawsonitem GLAUKOFANOVA | PRASINIT s barroisitem EKLOGIT diamantem
P29 lawsonit- BRIDLICE s mastkem GRIQUAIT
=1 fengitova a kyanitem




Prehled hlavnich Zivcovych regionalné metamorfovanych hornin

Hlavni mineraly . . ., |labradorit vr v e
" . . albit oligoklas | andezin | . .. | dalSi mozné mineraly
(kromé plagioklasi) aZ anortit
sericit, chlort, fylit chloritoid
kremen vy
. . svor
muskovit + biotit, v. . y v , o e
y (Zivce jen v podfizeném granat, staurolit, distén
kfemen v o
mnozstvi)
. draselny zivec,
biotit nebo ararul siIIimanity ranat
biotit + muskovit P y + B ’
cordierit
diopsid, kiremen, pyroxenické pararuly draselny Zivec, obecny
titanit (erlany) amfibol
draselny Zivec, biotit granat
L : ortoruly )
nebo biotit + muskovit turmalin
draselny Zivec, granat otz . T .
y L. & svétlé granulita distén, sillimanit
+ biotit
aktinolit, chlorit, zelené . o
) ve 11 kalcit, kfemen, titanit
epidot bridlice
. epidot, lawsonit,
glaukofan glaukofanity P . :
pumpellyit, chlorit
obecny amfibol amfibolity granat, diopsid
diopsid, hypersten, 1. . -
P ara zgt pyroxenické granulity draselny zivec




Prehled hlavnich bezzivcovych regiondlné metamorfovanych hornin

Skupiny hornin,

iaiich i .. Hlavni mineral Dalsi mozné mineral
jejich jednotlivé typy y y

Sedimentogenni horniny

sericit, muskovit, biotit, Zivce,

kvarcit kfemen . . . .
y diopsid, obecny amfibol, granat
. . forsterit, tremolit, diopsid
mramory kalcit, dolomit .
(wollastonit)
metaferolity magnetit, hematit, |kfemen
smirky korund, magnetit |chloritoid
Magmatogenni horniny
eklogity omfacit, granat amfibol, rutil, distén

reliktni pyrop a reliktni

serpentinity (hadce serpentin, magnetit . .
P v ) P & pyroxeny, tremolit, brucit

mastkové bridlice mastek chlorit
, mastek, dolomit nebo . .
krupniky . chlorit, tremolit
magnezit

chloritické bridlice chlorit, magnetit |mastek, altinolit




Prehled hlavnich kontaktné metamorfovanych hornin

Skupiny hornin,
jejich jednotlivé typy

Hlavni mineraly

Dalsi mozné mineraly

Kontaktné metamorfované pelity

skvrnité bridlice

plodové bridlice

kontaktni rohovce

Kontaktné metamorfované slinité
horniny

kalcit-chlorit-epidotické bridlice
vapenato-silikatové rohovce

amfibolické

pyroxenické

Kontaktné metamorfované bazické
horniny
bazické ortorohovce

slabé metamorfované

stfredné metamorfované

silné metamorfované

skvrnach rudni nebo grafiticky
pigment

sericit, biotit, kfremen,
plagioklas, v plodech hlavné
cordierit

hlavné cordierit, biotit,
plagioklas, kfemen

epidot, chlorit, kalcit

plagioklas, obecny amfiboal,
kfemen

plagioklas, diopsid, kiemen

albit, epidot, aktinolit, chlorit
plagioklas, obecny amfibol

plagioklas, diopsid, hypersten

sericit, chlorit, kremen, albit, ve

epidot

andaluzit (chiastolit)

draselny Zivec, cordierit,
andaluzit

biotit, kfemen, albit

diopsid, biotit, kalcit

grosular, vesuvian, biotit

kfemen
diopsid, biotit, kfemen

biotit




Popisné nazvy riznych typd chorizmitt
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