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syllabus prednasky

Sedimentarni zaznam v rekonstrukci fosilnich ekosystému I.
— procesy transportu a sedimentace, sedimentarni struktury
— mechanika kapalin
— transport sedimentu
— sedimentarni struktury fyzikalni
— sedimentarni struktury biogenni
— gravitaCni procesy a sedimenty
— sedimentacéni prostredi siliciklasticka

Sedimentarni zaznam v rekonstrukci fosilnich ekosystému Il.
— karbonaty, komponenty, mikrostruktury
— karbonatova, jezerni, pelagicka a hemipelagicka sedimentacni prostredi
— diageneze v siliciklastickych a karbonatovych systémech
— fyzicka stratigrafie, geneticka stratigrafie
— cyklicnost v sedimentarnim zaznamu
— sedimentarni panve



Sedimentologie = petrologie sedimentarnich
hornin, studium facii a prostredi, fyzicka
stratigrafie, panevni analyza

rec. ,petra” — skala, kamen; ,logos” — slovo, vhled,
porozumeni, nauka

eroze — transport — sedimentace

zakladni vyzkum — identifikace sedim.hornin,
porozumeéni procesum vzniku téchto hornin,
sedimentacnimu prostredi, stratigrafie, panevni analyza

vztahy k ostatnim oborum — paleoklimatologie;
paleontologie; geochemie, geofyzika, petrofyzika
aplikovany vyzkum — porozita - rezervoarova geologie
(voda, ropa, plyn, uloziste CO.,, ...); permeabilita —
hydrogeologie; geomechanické vlastnosti — inzenyrska
geologie, ....



studium sedimentarnich procesul v laboratofi

procesy&
produkty
(nezpevnény
sediment)

Delft University, Holandsko




studium recentnich sedimentarnich systému

N .

procesy&produkty (nezpevnény
sediment)
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opticky mikroskop mikrostruktury elektronovy mikroskop
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stratigraficky kontext

je kliCovy pro interpretaci
sedimentacniho prostredi
(sedimentologie)
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rozsah geologickych procesu v prostoru: a Vv case:
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1. Uvod - procesy transportu a
sedimentace, sedimentarni struktury

Apd“Q
e usazovani ¢astic ze W =

suspenze - Stokesuv zakon 18,U

1.1. mechanika kapalin

w - rychlost usazovani Castice

Ap - rozdil hustot Castice a kapaliny
g — gravitacni zrychleni

d — prdmér zrna

u - dynamicka viskozita 10



Vol = D3

video v3.3

Pi H

Fig. 4.6 Notation for a solitary spherical particle falling
through a still fluid.

Fig. 4.8 Laminar flow is dominated

by viscous effects. This can be

visualized by water, streaked with

dye, flowing at 1 mms~' through a

narrow gap between two glass 11
plates 1 mm apart (Hele—Shaw flow

past a circular object,



1video/V3_3.mov

e laminarni
proudeni

e turbulentni
proudeni

video v4.3

Laminar flow

g
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At all points in flow all molecules are moving downstream

Turbulent flow

[\

\

At any point in the flow a molecule may be moving in
any direction, but the net flow is downstream

video v9.3 12



1video/V4_3.mov
1video/V9_3.mov

Fig. 4.12 (a) Schematic of the
energy balance for a river flowing
down a slope. (b) Notation used to
derive the velocity profile in Practical
Exercise 4,2.

(a)

Change in potential energy = pgd dy
Rate of loss of potential = pgd(TS)
energy per unit time

(b)

a £9d sin a = downslope
sina=S component 13
of fluid weight
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chovani tekutin (fluid)

Newtonovské (napf. voda)

ne-Newtonowské

Binghamova plasticka tekutina

(napf. synteticka barva)
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Shear 4 5
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video v1.4 14



1video/V1_4.mov

Reynoldsovo &islo Re = UL [V

U - stredni rychlost proudeni
V — kinematicka viskozita (u/p)

video v6.6

video v8.3

Froudovo cislo
Fr < 1 subkriticky tok F r — U / g h
Fr > 1 superkriticky tok

energie proudu (stream power) U’CO

T - prumeérna sila pusobici na jednotku plochy

sedimentu
15


1video/V6_6.mov
1video/V7_1.mov
1video/V8_3.mov

hydraulicky skok

— prfechod od superkritického (Fr>1) do subkritického (Fr<1) toku

video v10.6

video v10.5

video v10.4



1video/V10_6.mov
1video/V10_5.mov
1video/V10_4.mov

1.2. transport sedimentu

* jednosmerne proudeni

* typy transportu
bedload (trakce — traction carpet, saltace, rolovani), v suspenzi

j Rolling

——— Bedload

______ S Saltation

Fig. 4.2 Mechanisms of transport of . *’“*“’> " T~s0 Suspension —— Suspended
particles in a flow: rolling and ,_./—\’O nd

saltation (bedload): and suspension

(suspended load).

17



[ Mass of fluid at “1" = mass at "2
PoupAy = poug Ay
Uy Ay = Uy A,
Aroa A, has decreased to A,
i Velocity uy must increase to u; !

( Bernoulli's equation
Total energy = 0.5pu” + pgh + P

If uincreases P must decrease Lift component
= Pressure drop (Bernoulli effect)
Fig. 4.3 The Bernoulli effect illustrated by a fluid passing 1 :
through a tapered cylinder. Flow : Fluid force
i
1
§
§

o Drag component
\ (Frictional drag)

e

Fig. 4.4 Forces acting on a grain in a
flow. (After Middleton & Southard
1978; Collinson & Thompson 1982.)
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bedformy v nekoheznim substratu

koncept proudového rezimu, Cefiny, duny, migrace bedforem

Fig. 4.19 A bedform stability diagram
showing the stability fields of different
bedforms formed in sediment of
different grain sizes at different flow
velocities. (After Harms er al. 1975:
Walker 1992b.)
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1.3 sedimentarni struktury

presedimentarni

« otisky (tool marks,

« otisky deStovych
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erozni struktury

e — e

Sedument hllmg slump scar

Slump scar surface

Slumped material

proudové stopy (flute casts, gutter casts,
groove marks, proudova lineace)

SCOUR MARKS

Flute mark

—_—

Obstacle scour

—_—

O

Cross-section Plan

TOOL MARKS
Grooves
AN //
Prod, skip, bounce marks /

O

TR ST A—— O

Cross-section ~10cm Plan
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overlying sediments
] y _ . filling cracks ( 22—
odtokoveé struzky (rill marks) s e R e o

deformacni (bahenni praskliny, ———
synerezni praskliny, vétrné svrasténi
(wrinkle marks)) KT .

—— | {/ .
mMUdCTacks (Cross section] bedding plane view

vysychani

ztrata vody napf. pfi seismickych otresech
23




synsedimentarni struktury

laminace (jil, prach)

24



horizontalni zvrstveni (pisek)
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T

Upper flat bed

eous dunes

Lower flat bed

Ripples
No movement on flat bed
1 1 l | | 1 1 1 1
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Fig. 4.20 Parallel laminated sandstone deposited in an
overbank environment (Cretaceous, Alexander Island,
Antarctica).

Fr>1

Fr<1
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proudové Cefiny
duny

Fig. 4.8 Flow over a bedform:

imaginary streamlines within the flow

illustrate the separation of the flow ar
the brink of the bedform and the
attachment point at which the
streamline meets the bed surface
where there 15 increased turbulence
and erosion. A separation eddy may
form in the lee of the bedform and
produce @ minor countes-current
(reverse) flow

Fig. 4.9 Current ripples in plan view
with strmght, simuous and isolated
Crests,

1. Erosion in the trough of a bedform

Flow lines

\

Attachment point
(increased turbulence and orosion)

2. Development of counter-currents in lee of bedform

Flow lines

counter-current flow)

et FlOw direction

i

. Straight s Sinuous

1933

Isolated (linguoid)
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r:pp!e - length 3 " wavelgnq!h .
index height 1

R lee side “ stoss side
—————
crest trough
flow we > avalanching
direction summit pOlnt brink point : down lee
s < = —A=® e |

» e

e, 2 e ology cross— point of ;lovs'/ eddy in ;Somt of flow
:;::\ .'.‘. ,'::C:f:m‘k terminology and strata separation trouz_lh reattachment )
straight-crested sinuous catenary
1
3
R
lunat - 1
ot ( linguoid wave-formed
C ( ( ) ) ) ripples
(> 2373 ,L
—= flow direction —»

Fig. 2.19 Terminology for the shape of the crests of ripples
and dunes formed by unidirectional currents. For
comparison, the tyical crest pattern of wave-formed ripples

Fig. 4.10 Current ripples formed in sand in an estuary: field of

view 1 m. is also shown



Sikmé zvrstveni — planarni, korytovité

Straight crested bedforms Current

%‘

Planar cross lamination
Planar cross bedding

Sinuous crested and isolated bedforms Current
direction

Trough cross lamination
Trough cross bedding

Fig. 4.11 Migrating straight crested
ripple and dune bedforms form planar
cross lamination and planar cross
bedding. Sinuous or isolated (linguoid
or lunate) ripple and dune bedforms
produce trough cross lamination and
trough cross bedding. (After Tucker
1991.)



Lee-side laminae Stoss-side laminae

Fig. 4.12 Climbing ripple cross lamination produced by rapid
deposition from a flow carrying a high proportion of sand.
(After Collinson & Thompson 1982.)

Splhaveé cCefriny
(rychly proud, velka rychlost sedimentace)

29



oscilacni Cefiny

Wind blowing
: over water | Waves on surface of water

Oscillation witl

i S
= =%

in water body

Shaliow water

Oscillatory motion
becomes horizontal
- -« >

Sand grains swept into ripple forms

O
O
O O

Oscillatory motion dies out with
depth due to internal friction

O O
o}
O |

T e S

Rolling grain ripples: Low energy
—— Sharp crests

3 Rolling ~

grains

. Vortex ripples: High energy
o s

—— Rounded crests

HCS zvrstveni

A HUMMOCKY CROSS STRATIFICATION (HCS)
wavelength 0.5-5m

N\ -

_\

s
- —a directional
sole marks

B SWALEY CROSS STRATIFICATION (SCS)

Fig. 2.30 Hummocky cross stratification (HCS) and swalcy
cross stratification (SCS).
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heterolitické zvrstveni

mazdrité
Flaser
lamination
Sand
-y | Wavy
«— zvinéné u lamination
cocCkovité
Lenticular
Miid o lamination

Fig. 4.25 Mixtures of sand and mud in different proportions
produce different forms of lenticular and wavy bedding. (After

Reineck & Singh 1973.)




tidalni rytmity

SPRING ~+NEAP+

Fig. 2.25 Schematic sketch of tidal cross bedding with tidal
bundles defined by mud drapes upon foresets. Spacing of
the sand/mud couplets can be indicative of spring—neap
tidal cycles: thick layers = spring tides, thin layers = neap
tides. After Allen (1982).
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Fig. 4.6 Normaul and reverse grading in single beds; fining-
upward and coarsening-upwird patterns in i senes of beds

Water level

Flow driven by
gravity acting on

Turbuleni mixture of

density contrast

3

water and sediment

Deposits sediment

Any depth

and decelerates
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turbiditni proud




postsedimentarni struktury

deformace nezpevnéného sedimentu
*konvolutni zvrstveni
-stopy po Uniku vody \
*plaménkova str.
vtiskove stopy, ball and pillow



paleoproudova analyza

l
Unimodal Biomodal | Polymodal

Bipolar

N

Oblique

Fig. 2.45 The four common palaeocurrent patterns.

35



biogenni struktury — fosilni stopy (ichnofosilie, bioturbace)

Feeding structures

_hondrites Zoophycos
I
=8 Cé
=

Crawling traces

“ruziana Vertebrate
v footprints

.////‘.‘ 0 ﬂ
5 7

Dwelling structures

Skolithos Ophiomorpha

Al |

Thalassinoides

g Diplocraterion

Common in

shallow-marine deposits

Grazing traces

Nereites

Common in deep-water
sequences

Resting traces

=5

Asteriacites
starfish
impression

Helminthoides

WS i
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gravitacni procesy e . Debris flow

subaerické

skalni ficeni (rockfall, debris
slide, toppling failure, block
glide)

rotaCni sesuv (slump)

translacni skluz (slide)

ulomkotok (debris flow)

Fig. 6.1 The primary mechanisms
for mass movements based on
Varnes (1978) [3].




translacni skluz

Fig. 6.6 A block of weight W sliding down an inclined
plane at an angle a.
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rotacni sesuv

o, trajectories .

o trajectories

Fig. 6.9 Stress trajectories and failure plane for a short
slope. The slide surface is drawn so as to make an angle of
45° + ¢/2 with the o, trajectories (dashed lines). After
Middleton & Wilcock (1994), p.140, [1 1].
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ulomkotok
* silné jilovita matrix, masivni
» mechanismus transportu — kohezivita matrix ptusobi binghamovské chovani

Fig. 6.10 Velocity profile and rigid

plug for a Bingham plastic model of
debris flows.
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gravitacni procesy

subakvatické

turbiditni proud

Tens of centimetres

Bouma
divisions

l

X Mud
Hemipelagic and pelagic deposition
”“—_rl\ d Laminated silt
e {1v22) Cross laminated sand
o \ > Lower flow regime ripples
- — b Parallel laminated sand
= Upper flow regime plane bed
4 Massive, granules to sand
Rapid deposition (upper flow regime)
Scoured base

Boumova sukcese

Fig. 4.27 The vertical pattern of grain
size vanation and sedimentary
structures formed in a typical medium-
grained turbidite. This is the Bouma
sequence, consisting of five divisions:
a, b, ¢, d and e. (After Bouma 1962.)
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siliciklasticka sedimentacni prostredi

aridni oblasti - aluvialni vejire, jezera typu
playas

aluvialni
delty

pribrezi

Selfy

hluboka more
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