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Sedimentology, sedimentary geology

Definitions

Sedimentology = the study of the processes of formation, transport
and deposition of material which accumulates as sediment in
continental and marine environments and eventually forms
sedimentary rocks

Stratigraphy = the study of rocks to determine the order and timing
of events in Earth history:

Sedimentary geology ~ sedimentology + stratigraphy.




Uvod
Sedimenty:
» /2% povrchu souse (bez kvarteru)

» 999 povrchu dna mori a oceant

» Mohou byt uzitecne:
nejdtlezitéjsi nerudni suroviny
velmi dulezita rudnit surovina (mensi koncentrace kot —
obrovske objemy)

drtiva vetsina loziskovych pasti na ropuia zemni plyn
obsahuji zaznam udalosti na Zemi
Zaznam Vyvoje zivota na Zemi

» Mohou byt i nebezpecne:
absorbuji polutanty
Padaji, klouzaji, sesouvaji se a nici ...
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Uvod
vziah sedimentologie k jinym geologickym
disciplinam:

» loziskova geologie,
» stratigrafie,

» paleontologie

» morska geologie,
» geochemie,

» mineralogie,

» petrografie(logie)




Sedimenty \ horninovém cyklu

nspo dnu, l ‘

Uplitt and exposure

Igneous rocks Z
(extruswe}

Igneous rocks
{lntrusive]

Metamorphic
rocks

Rock cycle: mountain formation and/or uplift; weathering and erosion; sediment
transport, deposition, and diagenesis; metamorphism and igneous rock formation;
renewed uplift... etc.
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Historical development of
sedimentary geology and key
concepts

Principle of superposition (Nicolas Steno, 1669)
Stratigraphy developed already around 1800

Uniformitarianism (“the present is the key to the past”) (Charles
Lyell, 1830), "modern processes constitute the basis for interpreting
aruent) products™ (uniformitarianism Works in many: cases, but not
always

Principle of facies, A. Gressley, pol. 19. stoleti
Jonathan Walther “s law: of facies successions
|.ate 1980s and 1990s: revival of stratigraphy (sequence stratigraphy)

Sedimentology is a relatively new discipline (1960s and 19705)

Poptavka po fosilnich palivech - prtizkum na ropu a zemni plyn — 50.
leta 20. stol.

DSDP, ODP — Glomar Challenger, Joides Resolution, od 1968




Temporal and spatial scales

» Sedimentology focuses primarily on facies and depositional
environments (how were sediments/sedimentary rocks formed?)

e Smaller temporal and spatiall scales

» Stratigraphy focuses on the larger scale strata and Earth history (when
and where were sediments/sedimentary rocks formed?)

e [arger temporal and spatial scales

» The stratigraphic record is nearly always very incomplete due to a
limited preservation potential, that decreases with increasing time
scales




Primary data sources for
sedimentologic/
stratigraphic studies

« Outcrops (consolidated vs. unconsolidated sediments)



Primary data sources for TR ety
sedimentologic/ 1 Py,
stratigraphic studies
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Primary data sources for
sedimentologic/

stratigraphic studies

» Geophysical data (e.g., wireline logs,
seismic, ground-penetrating radar)
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Procesy vzniku sedimenti
ZVETRAVANI

UVEDENI CASTIC DO VZNOSU A
TRANSPORT

USAZENI




ZVetravanl
Chemicke (chemicky rozklad hornin)

Mechanickeé (mechanicky rozpad hornin pri zachovani jejich ptivodniho
chemickeho slozeni a snizovani velikosti zrna materialu)

Soucinnost mechanického a chemickeho zvetravani
Biologicke (Cinnosti

zivych organismd,
zivocichtl, rostlin)

4 sguare units x 1 square unit % .25 square unit X
6 sides x 6 sides x 6 sides x
1 cube B cubes = 54_cubes

24 square units 48 sguare units 96 square units




CHEMICKE ZVETRAVANI
Rozpousteni

rozpustnost ve vode (halit)

polarni molekuly vody - na strane vodiku v H,0;je kladny naboj, na strane
Kysliku v H,0O je zaporny haboj, rozbitl iontove vazby -> roztok

vétsina mineralti ve vodé nerozpustné

» rozpustnost zavisla na pH, cim nizsi pH vody, vyssi kyselost
roztoku (obsah kationtu H+), tim rozpustnejsi

» obsah kyselin ve vodeé - rozklad organické hmoty v pude, obsah CO,
v atmosfere

» rozpousteni karbonattl ve slabych kyselych roztocich

kalcit + vodny roztok kyseliny: -> iont vapnikui (rozpustny) + oxid
uhlicity + voda




Oxidace a redukce

OXIDACE: zvysovani oxidacniho cisla /valence/

» zpravidla kyslik rozpusteény ve vode, ptsobi spolecné s hydrolyzou
» rozklad mineralii obsahujicich zelezo - olivin, pyroxen, amfibol

» konecne produkty - oxidy a hydroxidy zeleza (hematit, goethit, limonit)

4Fe + 302 -> 2F€203
krystalove zelezor + kyslik -> hematit

(Fe3) (Fe?™) —> (Fe3*)

REDUKCE: snhizovani oxidacniho cisla /valence/

Napr. vznik pyritu redukei zelezitého iontu na zeleznaty ion




Hydrolyza

(disociace molekuly + nahrazeni'kladnych iontu v mrizce
kladnymi produkty disociace)

Disociace kyseliny hydrogenuhlicite:

H,CO; -> H¥ + HCO*

Kys. hydrogenuhliCita -> vodikovy kation +
nydrogenuhliCitanovy anion

Hydrolyza ortoklasu:
2KAISi;Og + ZgH+ + HCO?) + H,O -> ALSiLO:(OH), +
2K+ + JHCO* + 4Si0,

ortoklas + kys. hydrogenuhlicita + voda -> kaolinit +
draselny kat. + hydrogenuhliCitan. an. + kremikovy gel




Hydratace

Prijem molekuly vody

Hematit + voda —> goethit




Produkty chemickeho zvetravani

Mineral podléhajici zvetravani Produkty zvetravani

Kremen kremen, rozpusteny kremik (molekula kyseliny kremicite)

Zivce jilové mineraly, Ionty Ca, Na, K, rozpusteny kremik

Muskovit jilove mineraly, Ionty Na, K, rozpustény kremik, gibsit:

Biotit jilové mineraly, oxidy zeleza, K, Mg, Fe, rozpusteny: kremik

Amfiboly oxidy zeleza, ionty Na, Ca, Fe, Mg, jilové mineraly, rozpusteny
kremik

Pyroxeny. oxidy zeleza, ionty Ca, Fe, Mg, Mn, jilove mineraly, rozpusteny
kremik

Olivin oxidy zeleza, ionty Fe, Mg, rozpustény kremik, jilove mineraly

Granaty ionty Ca, Mg, Fe, oxidy zeleza, rozpustény kremik

Alumosilikaty jiloveé mineraly, kremik, gibsit

Magnetit hematit, goethit, limonit

Kalcit jonty Ca, ionty HCO3-

Dolomit jonty Ca a Mg, ionty HCO3-

Zelezité karbonéty (siderit, ankerit) jonty Ca, Mg, Fe, oxidy zeleza, ionty HCO3-




Goldrichovo schema

Stabilni. mineraly (O, muskovit)
nestabiini mineraly. (ostatiy)

Environment of - : Susceptibility to
Formation Silicate Minerais Chemical Weathering

High temperature TE
(first to {?iwmg

crystallize) Calcium feldspar §

Least
resistant

éndiuﬁﬂ feldshér !

Pnt'éssiu-r-n feﬁdspar ' i

Muscovite




MECHANICKE ZVETRAVANI

Mrazove zvetravani

o akovany cyklus mrznuti (zvetsovani objemu 0 9%) a tani (snizovani
objemu) vody.

Teplotni vykyvy
teplotni vykyvy > 30 stupnul Celsia, bez prltomnostl vody - rtzné

o
koeficienty tepelné roztaznostil u riznychs mineralt, problém s laboratornim
potvrzenim

Odtizeni horninovych komplext

vyvrele horniny - odstranéni tihy nadlozi vede k roztazeni horniny a
odlucovani, viz situace v nove razenych dulnich chodbach

Abraze (koraze, eroze)

Obrusovani hornin dynamikou nejakeho media (voda, vzduch, led), ktere
obsahuje pevne castice







Sedimentarni castice (zrna) v prirode

Castice mechanicky unasené kapalinami— sedimentarni castice:

Kremen, zivce, kalcit, aragonit, jilove mineraly: (r = 2650 kg/m3) —
nejcaste;jsl
Dalsi: slidy, amfibol, pyroxeny, olivin

Faktory, které ovlivhuji uvedeni castice do pohybu:

Tvar castic urceny :
Krysciiza)lizacf z magmatu nebo vodného roztoku (tvar krystalti, tabulkovy, sloupcovity,
apod.
Vulkanogenni cinnosti' (pyroklastika — lapilli, prach, popel, pisek, velmi nepravidelny)
Zvétravanim: hornin (nepravidelny tvar — zaobleni, koule, trojosy: elipsoid)
Orgajmickou aktivitou (schranky, ooidy, klaciky, apod. — koule, valec, destickovity
tvar

Velikost castic

Vytrideni castic




Fig. 2-1. Some examples ol sedimentary pattic U - 4 T R I TR VoW

oolite shoal (X3). b. Pumice from the coarse fraction of a pyroclastic fall (X1.4). c.
Fragments of the carbonate-secreting alga Halimeda (><1.4). d. Fragments of the carbonate-
secreting alga Lithothamnium (X 1.4). e. A sand composed of whole to broken gastropod
shells and platy fragments of broken bivalves (X 1.4). f. Separated valves of the common

cockle, Cerastoderma edule (X0.4).




Kapaliny v prirode

Kapaliny:

Faktory, ktere ovlivaujici uvedeni castice do pohybu:
Austota a dynamickal viskozita

Vzduch (p = 12,2 kg/m3), dynamicka viskozita (1) vzrista
se vzrustajici teplotou

Voda (p = 1000 kg/m3, i = 1025 kg/m3), dynamicka
viskozita (n) klesa s vzrustaJ|C| teplotou

Magma (p = 2700 = 3100 kg/m3), viskozita (n) zavisla na
slozeni, obsahu vody
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Uvedeni castic do pehybu

il y Nr

Mechanismy uvadeni castic do vznosu

» strhavani castic z nesoudrzneho podlozi (nezpevneny: pisek)
smykove napeti na prahu pohybu (t.,) stoupa se stoupajicim hustotnim
rozdilem Castica a vody, prumerem fvellkostl) castice D;, pomerem
prumert D,/D; a volnou vzdalenosti (s)

stalé (laminarni proudéni), nestalé turbulentni proudéeni

FD = sila ve smyku
FG = tiha Castice

FL = vztlak Castice
ponorené v kapaliné

Fig. 2-3. Definition diagram for the entrainment of cohesionless grains from a cohesionless
bed acted on by a steady fluid flow.
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Uvedeni castice do pehybu

Hjulstromova krivka
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Fig. 4.8. Hjulstrom’s curve (modified after Sundborg 1956). Hjulstrom determined the criti-
cal velocity necessary for moving quartz grains at 1 m water depth in open channels; the
shaded area indicates the scatter of experimental data. This graph shows (1) that clay and
silt particles are more difficult to erode than predicted, and (2) the average current veloc-
ity to move a grain is several times the calculated critical shear velocity




Uvedeni castic do pohybu

L y N

Mechanismy uvadeni castic do vznosu

» strhavanii castic ze soudrzneho (kohezniho) podlozi (jil,
Pevne horniny)

KORAZE

Laminarni proudeni
VS.
Turbulentni proudéni

Angle of attack (rod)

s (corrasion). a. Definition diagram for
th angle of particle attack and mode of

Fig. 2-8. Entrainment of material from cohesive beq
corrasion. b. Schematic variation of corrasion rate wi

wear.




Fyzikalni principy transportu: laminarni
proudeni mezi 2 paralelnimi deskami

Smykove napéti (smykova sila na jednotku plochy) je linearne Umerne
rychlostnimu gradientu dU/dy - smykove rychlosti

du

Moving
kde n = dynamicka viskozita :
newtonovska kapalina
(bézna smeés voda-sediment,
napr. v rekach),

dU sru‘ilomy plate .
T Fig. 1-1. Definition diagram for the deformation of a thin layer of fluid between parallel
dy plates, one of which moves in its own plane.

Fig. 1-2. Schematic relationships between shear rale (strain) and shear stress (stress) in

kde 1cr= mezni (kriticke) ekons hintle- o Tk

smykove napeti
binghamovska plasticka latka
(bahnotoky, lahary)




Eyzikalnil principy: transportu
hranicni vrstva (boundary: layer)

HRANICNI VSTVY

Hranicni vrstva: zona, zpomaleni kapaliny v blizkosti kontaktu. s pevinou Idtkou, seikterou,
Je Kapalina v relativiim pohyou

Hranicni vrstvy v newtonovskych kapalinach
- rotujici Zeme
odstrediva sila: v = mrp2, m = hmotnost castice, r = polomeér, p = Uhlova
rychlost

koriolisova sila: F = 2mrUsinQ, U = rychlost castice, Q = zemeépisna Sirkai (0 na
rovniku, max. na polu)

- primocary pohyb na rovneé desce (laboratorni modelovani)

: |




Reynoldsovo cislo

Fig. 1-6. Schematic representation of the boundary layers developed on a flat plate in parallel
flow.

- primocary pohyb na rovneé desce (laboratorni
modelovani)

smykove napéti hranicni vrstvy:

v A2
Ty = 0,332 p U(—--) kde U = rychlost, x = vzdalenost,
oUx 0)% p = hustota, v = kinematicka viskozita
Re = ------ Ux /' v Reynoldsovo cislo (Re): pomer inertnich sil k viskoznim
silam v hranicni vrstve
V Prechod od laminarniho k turbulentnimu proudéni, Re = cca

10°, v zavislosti na vzdalenosti, viskozité, rychlosti proudéni




Separace toku

V' hranicni vrstve castice kapaliny, které jsou nejblize podlozi (dnu) nebo primo na

m\ Ty

dné, maji nejnizsi kinetickou energu

Tyto castice budou silne ovlivneny pri zmene rychlosti tokui (zpomalent, zrychleni) nebo
v misté zmény sklonu dna

Zpomaleni / ohyb dna smérem dolti -> tyto castice se zastavi nebo se dokonce
zacnou pohybovat zpet, nahromadena kapalina nuti hlavni tok teci vyse ode dna a vyvine
se zpetny proud — separace proudu

Proudnice se oddéli ode dna




Hranicni vrstva v binghamovskych
kapalinach

Debris flow (Ulomkotok):

Smykove napéti na dolni hranicni vrstve
oblast smykoveho toku (smykove napéti > 0)
oblast rigidniho toku (smykove napéti = 0)

R e e et

Region of plug flow

of sheor flow

O e S

Fig. i-11. Definition diagram for the motion of a debris flow composed of a Bingham plastic
material.




\/oda v rekach

V pripadé zanedbatelné hloubky kanalu vzhledem k Sirce
Aw

To = P9 (—————--- ) sinf3 kde p = hustota, 3 = sklon svahu
2h + w h = hloubka, w' = Sirka kanalu

substitucemi -> pri vypoctu smykoveho napéti a rychlosti:
8g A
U = (----rS) kde f = Darcy-Weisbachtiv koeficient
f treni, S = sklon, r = hydraulicky polomer

———————— Froudovo cislo (Fr), pomer inertnich sil ke gravitacnim

\/ gh silam béhem toku

diagram for fluid flow in an open channcl.

Fig. 1-12. Definition




Froudovo cislo

Fr = 1; kriticky tok

Fr < 1; subkriticky tok, povrchove
vIny mohou cestovat tlumit se
nebo mizet smerem po proudu i
proti proudu

Fr > 1; superkriticky tok, prikre,
stabilnf povrchove vIny o trvalé
amplitudé

y

£
£
:
!

Rezim toku s volnym povrchem:

subkriticky laminarni - reky
subkriticky turbulentni — vétsina rek

superkriticky [aminarni — toky tenkeho
filmurkapaliny na povrchu pevne

latky g o
superkriticky turbulentnf P———

Fig 1-13. Flow fegimes in an open channel of very large width compared to depth.




Sedimentarni textury: sila proudeni (smykove

napeti

» DUNY:
Ceriny.
Megaceriny.

» LAMINARNI
ZVVRSTVENI

» ANTIDUNY

. U) vs. velikost zrna

Flow —»

40 - ST~ O >

= .
= Antidunes
=
1.0 - Plane beds
<
s
9]
: T VG I e e
0
Q 0.1 A
% Mega-ripples
&
R N TR e RN
0.01 + Small ripples

T | 1 1 |
0.0 0.2 0.4 0.6 0.8 1.0
Median grain diameter (mm)

Fig. 7.4. Bedform and stream power (after Allen 1970). With an increase of stream power,
the bedform of a stream channel or flume underlain by unconsolidated sediments changes
from small ripples to mega-ripples, to plane beds to antidune




Rychlost castice klesajici ke dnu:
Stokesuv zakon

> 1 Ps = Pr
PRlf=i====j—========== g D?

> 18 n

» U = rychlost usazovani

» p. = hustota pevne castice
» pr = hustota kapaliny.

» g = gravitacni zrychleni
» D = prUmér castice
» N = kinematicka viskozita




Rezimi proudeni

Fig. 2-9. Flow regimes for a spherical particle in relative motion with a fluid, superimposed
on a graph for the drag coefficient as a function of particle Reynolds number.




ViIneni, klasifikace vin

(hladina kapalini na styku s plynem: voda — vzduch)
vétrné viny (perioda do 20 s)
prilivové viny (perioda 12 nebo 24 hodin)
kapilarni viny (perioda 0,1 s)

pomeér h/L0 (hloubka dna / vinova délka)

kratké (hlubokovodni) viny h/LO > 25 vétrné viny
stredni viny 0,25 > h/LO > 25
dlouhé (melkovodni) viny: 0,025 > h/L0 prilivova vina

Interni viny
Viny na styku dvou kapalin s riiznou hustotou a viskozitou (termoklina)




Rychlost vetru a vyska vin na volném mori

TABLE 1-11

wmhd;tlhﬁ:wmﬂualuﬁmdmmﬂhdlmuﬁndwn
h:ighldlﬂmmm:ﬂmniml:mﬂﬂ}

Descriptive term

0
I
2
3
4
5
6
7
B
9




Viny realné a idealni

Realné viny

Spektra vina o rtiznych vinovych délkach, periodach a vyskach — statistické zpracovani
Vlyznacna vinova vyska H1/3
\lyznacna vinova perioda T1/3

Priimérna vyska a perioda jedné tretiny vsech vin s nejvyssi vyskou a periodou

Idealni viny
Airyho viny (sinusoidni profil)

Stokesovy viny: (trochoidni profil) /\

Solitérni viny:




Alryho viny

Rychlost Sireni viny

2= -——-- tanh (kh) h = hloubka vody, k = 21/L, g = gravitacni zrychleni
k L = vinova delka
Rychlost postupu vin: roste s hloubkou hi (klesa s klesajici hloubkou),
Maximalni horizontalni orbitalni rychlost

U o, = o kde H = amplituda viny, i = hloubka, T = perioda, k = 2717/L
T sinh(kh)

Baze vineni: orbitalni rychlost klesa rychle s hloubkou, pri hloubkach L/2 (baze vinént) je
zhruba 4% orbitalni rychlosti na povrchu

Fig. 1-19. Water-particle orbits beneath progressive surface waves of differeni types. 2
Deep-water waves. b. Waves on water of intermediate depth. c. Shallow-water waves. d.

Solitary wave.




Denni priliv: meélkovodni vina
(h/L < 0,025)

Rychlost: ¢ = 0,1 — 0,6 m/s

) R T—— _J._._.___-.

T T4 7/2  3T/A

Tima {periods)

Vinova délka: extrémne velka

Priimér orbity: cca 10 km, rotacni
prOUd . Magnetic &

12hrs ] .
/‘\‘ . Mognetic
5 4

(e}

Veioeity (m 570

i M e (el T
2 4 6 08 |
Time (hrs)

Fig 1-24. Features of idealized (a-¢) .mJ J:mﬂ (d !. udd CATETE

Lagiangian representation o

the iime-velocity pattern. (d, f) Iulmm m‘l'! lagrmg]an upr"mtatwm of the tid: Lura.cnl
measured and (e) velocity pattern at a depth of 30.5 m [tutJ water depth more ihan 45 m) al
Nantucket Shoals Light Vessel, east coast of U.S.A. 8-10 August, 1923. Partly after Le
Lacheur (1924), by permission of the American Gc:;grar:rhical ‘Socie'i'}r.




Hustotni proudy

Viznika pril vioku kapaliny o urcité hustote do jiné kapaliny o jiné hustote

hypopyknicky proud (pi>p2)
mesopyknicky proud
hyperpyknicky proud (p1<p2)

Free Surfr.:rca

B -

!ﬂ'l':f';g A R e L S

\“‘--__-—/ Overflow

S B

.. -_.\

o s i -r-.____ —————

_______< PE-"P:”,PE. SR

e S L

‘--..h-.';-" interflow

P2
"F#‘ Underflow
e

';‘I"T TR 1'-1————" T
L A X _1._~~|'~Il|"'lll'\,|'\ AL R

Fig. 1-25. Principal iypes of gravity current,




Hyperpyknicke proudy

Rychlost sireni hyperpyknickeho
proudu

(P1—p2)g [~

Fig. 1-31. Definition diagram for an underflowing gravily current.




TYPY TRANSPORTU
Gravitacni transport

Prostredi: subaerické, submarinni

Bahnotoky, tlomkotoky
Binghamovské plasticke latky, soudrzn€, laminarni proudeni

Uvedeni do pohybu: prekonani prahoveho smykoveho napéti: pretizeni svahu, zemétresent,
likvefakce (zkapalnenr), sesuvy

Uklr:]:'\déni: snizeni smykoveého napéti toku pod kritickou hodnotu (zpomaleni toku), zmirnéni sklonu
svahu

Sesuvy, skluzy, kamenné laviny
Elastické pevné latky, turbulentni proudéni
Uvedeni do pohybu: prekonani prahového smykoveho napéti: pretizeni svahu, zemétreseni,
Ukladani: snizeni' smykoveho napéti toku (zpomaleni toku), zmirnéni sklonu svahu

Zrnotoky
Elasticé pevné latky, nesoudrzné, turbulentni proudéni
Uvedeni do pohybu: prekonani prahoveho smykoveho napéti: pretizeni svahu, zemétresent,
Ukladani: snizeni smykoveého napéti toku (zpomaleni toku), zmirnéni sklonu svahu

Turbiditni proudy
Newtonovske kapaliny, turbulentni proudéni

Uvedeni do pohybu: hustotni rozdil kapalin: zvireni sedimentul ve vodé (zemétreseni, bourky,
podmorske sesuvy), povodne

Ukladani: zpomaleni toku, zmirnéni sklonu svahu




Glacialni' transport

Gravitacné indukovany tok — led - non-newtonovska pseudoplasticka latka, vysoka
viskozita, prevazuje laminarni proudéeni
Ukladani: taveni a sublimace ledu




Vodni a vetrny transport

Newtonovske kapaliny, laminarni a
turbulentni' tok

Uvedeni castic do pohybu: (o) ROLLING
prevazné turbulentnim proudénim na
hranicni vrstvé (napr. separace
proudu)

Transport nalozenim (bed load)
» klouzani
» valeni
» saltace
Transport ve vznosu o
(suspension) — ,plavani® castic Ao

TRAJECTORIES

Zavisi na: hustote kapaliny,
smykovem napéti, rychlosti toku,
dynamicke viskozité, Reynoldsove
cisle (laminarni / turbulentnf
proudeni), Froudove cisle (subkriticky

Fig. 2-13. Schematic represeniation of modes of particle motion during fuid-induced sedi-

[ superkriticky tok), velikosti a ment transport
hustoté sedimentarnich castic

Ukladani: snizeni smykoveého napéti
(zpomaleni proudu)




SEDIMENTARNI TEXTURY
(Sedimentary: structures)

Struktura — prostorove vztahy mezi zrny, zpravidla mikroskopicke

Textura — prostorove usporadani zrn, zpravidla makroskopicke, tvary
zpravidla vetsi nez je velikost individualniho zrna

Textury:

» Vistevnatost

» Textury ma vrstevnich plochach
» Zvrstveni

» Ostatni textury

Vrstlgy — deskovita nebo cockovita telesa jednotneho petrografickeho
slozeni

Lamina — druh vrstvy oo malé mocnost (< 1cm)
Zvrstveni — soubor vnitrnich texturnich znakl vrstev
Laminace — druh zvrstveni o malé mocnosti




Vrstevnatost

» Cockovita
» Tabularni (deskovita)
» Lalokovita

Zvrstveni
» Gradacni
» Zvinéne
» \lymolove sikme
» Cockovité
» Planarni sikme
» Nodularni (hliznaté)
» Konvolutni







| aminace

Usporadani' sedimentui do lamin II s vrstevaimi plochami

Geneze: laminace vznikla opakovanim podminek sedimentace

» Sezonni laminace — algalni laminity, stromatolity - prilivove
plosiny, varvity)

» Epizodicka laminace (udalostni sedimentace) — spad
pyroklastik

» Stridani energie proudu (turbidity) napr. hranice mezi
laminarnim a turbulentnim: proudénim




Laminace







Parting| lineation

primarni proudova lineace na delicich sparach

\/ laminovanychi sedimentech (pisky) — jednosmenée
turbulentni proudeni

Bursiing
siroak

Lineaiion
»

Fig. 6-14. A model for the origin of parting lineations by the action of boundary-layer streaks,
in which the macroscopic structure and grain fabric (particle long-axis intersections with
lower hemisphere in each plane as viewed) are integrated with the flow configuration
(transient zones of flow separation and attachment associated with lifting and bursting
streaks and associated inrushes).



Gradacni zvrstveni

» Zjemnovani sedimentu do nadlozi

» Pozitivai (normalni) vs. negativni (inverzni)

» Vertikalni' gradace, lateralni' gradace
Geneze:

» sedimentace ze suspenze, turbulentni proudeni, zpomalovani energie
toku

» sedimentace nalozenim (bedload), zpomalovani energie toku

» sedimentace z non-newtonovskych kapalin = debris flows, laminarni
proudeni, rigidni tok

(o) DISTRIBUTION-GRADING (b) COARSE-TAIL GRADING

- L
" "
a A
- >
b+l 3
o o
3 E
; (-3
(]
2 3
i E
|
I T

Groin diameter Graoin diometer
Fig. 10-4. Varieties of normal grading in turbidites, shown by idealized grain size-frequency
curves at a series of levels in the bed.







Sikmé (Cefinové) zvrstveni
vristevnl tvary: asymetricke duny (Ceriny)

Proudove (asymetricke) ceriny a duny
» jednosmeérne vodni proudeni

» eroze na navetrne strane a sedimentace
Na zavetrne strane

» migrace po smeru proudent

Slnu Lee

» ceriny < L=0,6m >= duny az nekolik @ Fow—s |eo Lo | 4L 50,4450

"dx dx

stovek m

Eolicke duny, barchany, pricne duny
» jednosmerné vetrne proudeéni

» eroze na navetrne strane a sedimentace
Na zavetrne strane

» migrace po Smeru proudeni

Iniciace: |
7 7 . 4 7 Scour Deposition
> Mistni nerovnosti na granularnim Fig. 7-2. Schematic representation of flow and sediment transport over (a) antidunes, and (b)
povrchu Vv podmlnkac proudent current ripples and dunes. U=mean flow velocity; J=sediment transport ratc.

newtonovske kapaliny.

» Zpomaleni a separace proudulna
zavetrne strane




Antiduny

» Jednosmerne vodni
proudeni' s volnym
povrchem — ve fazi
S povrchovym proudenim
Kapaliny

r Slon. Lee 1
%

» Stacionarni' (nemigruji)
nebo migruji proti smeru
proudeni

» Sedimentace na navetrne R T o
Stra ne J eroze na Za Vetrne Fig. 7-2. Schematic representation of flow and sediment transport over (a) antidunes, and (b)

Stra n é current ripples and dunes. U=mean flow velocity; J=sediment transport rate.

» L <= 10m




Soustavy dun (cerin)

Deleni podle uhlu vertikalni akrece (rychlosti sedimentace)
» Superkriticke : Uhel vertikalni akrece (Splhani) > sklon nabehove hrany
» Subkriticke : Uhel vertikalni akrece (splhani) < sklon nabehove hrany:

€)0<§e§

(d) §+0

e

5
i #II

Fig. 9-5. Effect of angle of climb (relative deposition rate) on the steady migration of uniform
bedforms.




Sikme zvrstveni: soustavy cerin (dun)

Sikmé zvrstvent: laminy /\ k vrstevaim
plocham

Deleni podle tvaru materskeho vrstevniho
tvaru (dun, ceriny)

» Planarni

» Vymolove

Fig. 9-9. Schematic forms of subcritical cross-siratification in relation to the shape of the
parent bedforms.




Typy: sikmeho zvrstveni

Superkriticke vymolove
Superkritické planarni

Subkriticke vymolové _
Subkriticke planarni N
Forms sets (zvrstveni : %.%.@;it‘%ﬁ 4
zachovavajicil ptivodni NSO gl =
vrstevni tvary) { _swbertioo vougn__ 3 Q Clmbing-ripi cros-iamnatin
3 H @ Festoon bedding
& wn
3
o

Y/
m Y

Form sefs Q
r; I
x o

- Suberitical tabular Supecritical fuburur
ES“ s ~Angle of climb >
Fig. 9-3. End-member types of grouped cross-stratified sets, dcpictcd in terms of bedform

-—— _ dimensionality and climb (relative deposition rate). The block diagrams depict the structure -

e Coaei of sharply
e e i i
] z Bounded sefs in vertical planes parallel and normal to flow, and in the plane of climb,
— -
BT Coset of sharply
bounded sets

Fig. 9-1. Morphological features of cross-siratification sets.



Dalsi typy: sikmeho a cerinoveho
ZVrstveni

» Cockovité zvrstveni
» Mazdrite zvrstveni

&3. Nahofe folkovité zvrstvenl (izolované Sofky pisku v jilu), dole mézdFité zvrstveni (systém Cefin
s jillovymi poviaky).




Symetricke (vinove) ceriny

Protismeérna oscilace
vodnich castecek

Soustavy cerin
» Subkriticke
» Superkriticke

Hrbitkovite
zvrstveni
Hummocky cross-

Stratification (HCS)

Fig. 1-19. Water-particle orbits beneath progressive surface waves of different types. :
Deep-water waves. b. Waves on water of intermediate depth. c. Shallow-water waves. d.




Interpretace depozicniho prostredi

Tabulka 43
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Textury na vrstevnich plochach

Proudove textury
Jazykovity tvar, spodni plochy vrstev, wylitky, smys| proudéent

Turbulentni proudeni, eroze nezpevaeneho podlozi, vyplneni' nadloznim
sedimentem

Rvhovani_(vlecne ryhy)
Spodni plochy vrsteyv, wlitky, smér proudeni

Vtisky
Boulovity tvar, vtiskovani hrubozrnnéjsiho materialu do jemnozrnnejsiho
viivem tlaku nadlozi

Pseudonodule (ball and pillow)

Bahenni praskliny
\lysouseni jemnozrnneho sedimentu
rychlé odvodneni sedimentu pod hladinou

Otisky dest'ovych kapek







Proudove stopy, prod marks, bioglyfy




Prod marks







Textury vznikle unikem vody ze
sediment:

» Miskovite textury
» Pilirove textury




Tee-pee struktury




Konvolutni zvrstveni

{a) Postdepositional convolute lamination {b) Metadepositional convolute lamination

(c) Syndepositional convolute lamination




Biogenni textury







Rizne

-




Sedimentarnil petrografie
sedimentarni struktury

Struktura - vztany mezi zrny, zpravidia
mikroskopicke meritko

» Velikost zrna
» Tvar zrna

» Vytrideni

» Porozita

» Permeabilita




Sedimentarni struktury
velikost zrna (zrnitost)

Castice mechanicky unasené kapalinami— sedimentarni castice:
Kremen, zivce, kalcit, aragonit, jilove mineraly: (r = 2650 kg/m3) — nejcastejsi
Dalsi: s/iay, amfibol, pyroxeny, olivin

Wenworthova zrnitostni klasifikace

® = -log2d ; d = primeér zrna v.mm

kontrolovana

» velikosti klastl generovanych béhem zvétravani ve zdrojové oblasti
» unaseci, abrazni a tridici schopnosti transportniho média

TABLE 12.2 H;‘rr{i:n‘-? e,

’ - i
" ;‘1(—0- M il 4+

“ :i: . Grain Size Names Group § Rock Names Texture
M
Boulders
balvany
Cobbles T —
va |0u ny Gravel Co;glur_ueratc. Epiclastic ruditic
ObIéZky Pebbles reccla
zrnka owiles )
- Vs 2mm
velmi hrubozrnny Very coarse sand
hrubozrnny e ro——
pisek stredne zrnity 172 mm — S Epiclastic arenite
jemnozrnny 14 mm (arenite,
5 o ’ Fine sand wacke)
velmi jemnozrnny . -
H Very fine sand
j il Silt Silistone, shale,

17256 mm - mudstone, Epiclastc lutitic

-C!ay claystone

—— e
Sources: Modified from C. K. Wentworth (1923), Krumbein { 1934), McManus (1963)




Sedimentarni struktury: |
vytrideni

Vytrideni: Mira podobnosti
velikosti zrn ve vzorku horniny

Percentage

» Kvalitativnii odhad

» Reciproka hodnota standardni
odchylky souboru dat velikosti
ZIn, SO = Q3/Q11/2
Kde S, = trideni, Q5 = treti
kvart|I0 75% NeEj men5|ch Zrn),
Q; = prvn| kvart|I (25%
nejmensich zrn)

Stredni velikost zrn

Gaussovy krivky, kumulativni
krivky.

Kontrolovano

» vytridenim klastd
generovanych behem
zvetravani ve zdrojove oblasti

» abrazni a tridicii schopnosti
transportniho média (vitr,
voda, led)

Percentage

Q
=
=
-
=
-]
[X]
=
L
=




Bimodal Histogram Bimodal Frequency Curve

Percentage
Percentage

-I'II II l_-
InEIn N
IlII II II INEENEI=N




\ytrideni: kvalitativni odhad

Lewis

Well soried

Complon

Very well soried
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Figure 12.16

Degrees of sorting. D. W. Lewis
(1984) defines the “middle™ as the
middle two-thirds (67%). Compton
(1962) designates the “great bulk”™ as
the middle 80%.

(Source: From Raymuond, 1954¢; afier [, W,
Lewis, 1984, and Compton, 1962




Sedimentarni struktury
tvar zrna

» Tvar zrna
Tvar castic urceny :
Krystalizaci z magmatul nebo vodného roztoku (tvar
krystall, tabulkovy, sloupcovity, apod.)

Vulkanogenni Cinnosti (pyroklastika — lapilli, prach,
popel, pisek, velmi nepravidelny)

Zvetravanim: hornin (nepravidelny tvar — zaobleni, Figure 12.17

koule, trojosy elipsoid) Shapes of sedimentary grains: (a) equant, (b) rod-shapes
Organickou aktivitou (schranky, ooidy, klaciky, (¢} fabular:

apod. — koule, valec, destickovity tvar) e B R 19ME)

Forma — (celkovy tvar) —
izomorfni, tabulkovity, tycCovity

Sfeéricita — jak moc se zrna
tvarove blizi kouli High sphericity

Zaobleni — mira zakriveni hran
zrna —> vice = angularni, méngé
= zaobleny Low spharicity
Vizualni odhad

Founded . Wall

anguiar rouncked rounceda

Povrchova mikrostruktura

Vary angular  Angular




Sedimentarni struktury
porozita a permeabilita

Fabric-selective Non-fabric-selective Fabric-selective
or not

Porozita

Objem prostor vyplnénych
plynem: nebo kapalinou
(porth) vici celkovému
objemu horniny

ps = (V,/V7) x 100
psS = por02|ta V= objem

pord, V; = celkovy objem
vzorku hornlny

maximalni porozita — >
35%

Intraparticle Channel

Permeabilita

Mira toho, jak rychle mlze
horninou protekat kapalina

ZaVISI na porozite, velikosti
porll a propojeni porl

Intercrystal

Shrinkage

* Cavern applies to human sized or larger pores of channel or vug shapes

297 Classification of porosity in carbonate sediments according to Choquette and Pray (1970). Porosity is dark blue.




Klasifikace sediment

Typy materialu sedimentarnich horninach

» Fragmenty (klasty) prevazné silikatovych mineralti a hornin
(zpravidla derivovane z oblasti mimo depozicni panev)

Stabilni mineraly
kremen, jilove mineraly — kaolinit, smektit, illit, karbonaty (kalcit,
dolomit), chalcedon, zirkon, muskowt hematit
Nestabilni mineraly

zivee, chlorit, biotit, aragonit, magnetit, ilmenit, granat, titanit, epidot
Liticke fragmernt
ulomky: jinych hornin

» Chemicke a biochemickeé precipitaty, (zpravidla vytvoreny uvnitr

sedimentacni panve)

kalcit, aragonit, dolomit, opal, chalcedon, kremen, halit, sadrovec, anhydrit, goethit,
apatit

» Alochemy — fragmenty (klasty) drive vytvorenych precipitatt, fosilie,
ooidy, organicky material, fragmenty chemicky ch a biochemickych
precipitatu (zpravidla vytvoreny uvnltr depozmm panve)

kalcit, aragonit, dolomit, opal, chalcedon, kiemen, halit, sadrovec, anhydrit, goethit,
apaﬁt




Klasifikace podle materialu

Klasticke (siliciklasticke) (skupina S,
siliciklastika))

Chemogenni nebo cementacni (skupina P,
precipitaty)

Biogenni nebo organogenni (skupina A,
alochemicke horniny)




SEDIMENTARY ROCKS

Clastic Non-clastic

Volcaniclastic Terrigenous clastic Carbonates Others Evaporites

Tuffs Mudrocks Limestones Coal
Ignimbrites Sandstones Ironstones
Conglomerates Phosphates
Siliceous deposits

Mineral grains Lithic fragments Biogenic material Chemical precipitates

Different rocks Different rocks Different rocks Different rocks
may include: may include may include: may include:
pieces of:

Quartz Limestone Shells Carbonates
Mica Mudrock Skeletal material Chlorides
Feldspar Volcanic rock Plant debris Sulphates
Calcite Metamorphic rock Algae/Bacteria Silica
etc. Chert Bone etc.
etc etc.




Klasticke sedimenty.

Psefity

Psamity

Aleuri

]

Pelity




Psefity:

Zakladni charakteristika
» > 50% (nezpevnéngé) / 25% (zpevnéne) / 10% (zpevnéene) klastti > 2 mm v a-ose
» Konglomeraty (zaoblene), brekcie (nezaoblené klasty)

Rada slepenec — piskovec
» slepenec -50- piscity slepenec -25- valounovy piskovec -10- piskovec

Klasifikace podle zpevnéni
» zpevnené — slepenec, brekcie
» nezpevnene — Sterk

Klasifikace podle podilu klastti > 2 mm a matrix < 2 mm
» s podptrnou strukturou klastt > 50% klastt (> 2 mm)
» s podpUrnou strukturou matrix > 50% matrix (< 2 mm)

Klasifkace podle slozeni klastti > 2 mm

» monomiktni — (prevaha klastl stabilnich hornin nebo mineralti > 2 mm~— kifemen, kvarcit, silicit) —
adjektivum ,kremenny"

» polymiktni (= petromiktni) — (> 10% klastt nestabilnich materialti — hornin > 2 mm)

Klasifkace podle velikosti
» drobnozrnny (2-10mm)
» strednozrnny (10-50mm)
» hrubozrnny (50-250mm)
» balvanity (> 250mm)




Psamity

Zakladni charakteristika
0,063 — 2 mm
> 50% / 25% |/ 10% klastt > 0,063 mm V. a-0Se

Rada psamit - pelit
piskovec -50%:- jilovity piskovec -25- piscCity jilovec -10- jilovec (jilovita bridlice)

Hlavni komponenty:
klasty (> 0,063 mm), kremen, zivce, horninove fragmenty
matrix (< 0,063 mm),
cement (precipitat, vypli pord)

Klasifikace podle zpevnéni
Zpevneneé- piskovce
Nezpevnene — pisky.

Klasifikace podle velikosti zrna
jemnozrnné (> 10%: 0,063 — 0,25)
stredné zrnité (> 10%: 0,25 — 0,5)
hrubozrnné (> 10%: 0,5 — 2,0)




Psamity

Klasifikace podle slozeni klastu

» piskovec
» arkoza
» droba

trojuhelnikovy diagram. (Petranek 1963)
kfemen + stabilni zrna --- zivce + nestabilni mineraly --- matrix (< 0,063 mm)
Kremenny: piskovec, arkozovy piskovec, drobovity piskovec, arkéza, droba

trojuhelnikovy diagram. (Imatrix je igrnorovérna)
kfremen --- Zivce --- fragmenty hornini (nestabilni)

Q

provenience /NTCER;QE%'/V/
» trojuhelnikovy diagram QFL '/

Tektonicke prostredi zdroje,

/ /
/N / /

Kraton

Prechodny kontinentalni' zdroj conrnenmch /f & o
Recyklovany orogén SURE A‘ gL
Magmaticky oblouk (arc) / /T8 7 RECYCLED

AN OROGEN
/ ANaA ~

~_

rychly vyzdvih (basement uplift)

\\\

/
DISSECTED ARC

-

- —

TRANS ITIONA L
ARC -
UNDISSECTED  \

ARC




109 Quartz Arenite in plane-polarized light. Locality: New Red Sandstone, Permo-Trias,
England (x 47).

110 Quartz Arenite with crossed polars. Locality: New Red Sandstone, Permo-Trias, ] i " p )
England (x 47). Arkose with crossed polars. Locality: Torridonian, Precambrian, Scotland (x 13).




N

auconiti ne in plane-pol ight. Locality: Lower Cretaceous, Southern
England { )

116 Greywacke in plane-polarized light. Locality: Lower Palacozoic, West Wales (x 19).




Pelity

Zakladni charakteristika
> 75% [ 90% jilove frakce

Jilovce (claystone) sedimenty pouze jilove frakce
Kalovce (mudstone) smes sedimenttl jilové a prachové frakce

Kal kalovec (jilovec, mudstone)

Jil (< 0,004 mm) / \ bridlice (laminovana nebo

Stépna)

Prach (> 0,004 mm)

Jil (< 0,004 mm) > jilovec (claystone)

Slozeni
Jilove mineraly (> 50°/9P, kremen (O ZO%&UEiyce (< 10%), karbonaty (< 10%), oxidy Fe
(< 3%), ostatni' mineraly (< 3%), organicke latky (< 1%)




Klasifikace chemogennich
(cementacnich) sedimentt

Podle mineralniho slozeni:

Mineral hornina
kalcit: chemogennii vapenec, travertin, peénovec, kalice
dolomit: chemogennii dolomit
evapority
halit: kamenna sl
sadrovec: sadrovec
anhydrit: anhydrit
kremen: rohovec
radiolarit
diatomit
goethit: chemogenni seimentarni zelezné rudy

apatit: fosfority




138 Halite and anhydrite with crossed polars. Locality: Permian, northeast England (x 12).

136  Chert with crossed polars. Locality: Upper Jurassic, southern England (x 13).



_
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Klasifikace biogennich
(alochemickych) sediment

Zakladni komponenty:

Alochemy:
skeletalni zrna: vapnite schranky organismui ai jejich fragmenty,
karbonatove objekty organismy vysrazene (rasy)

neskeletalni zrna: chemogenné nebo chemobiogenne vysrazena zrna,
» povlekana zrna: ooidy a pisoidy, onkoidy,
» peloidy: fekalni pelety, peloidy,
» polyagregatova zrna: lumps, grapestones

Extraklasty

Matrix

mikrit, mensi nez 4 mikrony, ptivod do urcité miry zastreny - rozrusovani
zelenych ras, bioeroze karbonatoveho materialu prevazne rybami,
chemogenni srazeni

Sparit (vcetne cementu)













Folkova klasifikace (Folk, J.R. 1959)

Sparit / mikrit
Klasifikace alochemu
(+/- prostredi
sedimentace)

1 2
Sparry allochemical Micritic allochemical
limestones limestones

Sparry

calcite
Intraclasts

Intramicrite

Bioclasts

Micritic

limestone Dismicrite




Folkova klasifikace (Folk, J.R. 1959)

Sparit / mikrit

Podptirna struktura (hydrodynamickeé podminky)
Klasifikace alochemu (+/- prostredi sedimentace)
Trideni (hydrodynamicke podminky)

Over 2/3 lime mud matrix

Over 50%

Percent

10-50%
allochems

Sparse
biomicrite

Packed

ferous { st ot
i biomicrite

micrite

Subequal
gpar and
lime mud

washed
biosparite

Over 2/3 spar cement

Rounded
and
abraded

Sorting
good

Sorting
poor

Sorted
biosparite

Rounded
biosparite

Unsorted
biosparite




Dunhamova kiasifikace (Dunham, 1962)
Sparit / mikrit

Podptirna struktura (hydrodynamické podminky)
Prehlednost

S ; Depositional
Depositional texture recognizable

texture not
erm——— recognizable
Original i
components

were bound
= R o = together
Contains mud . Lacks mud E

{clay and fine silt—size carbonate) and is grain
supporied

Original components not bound
together during deposition

Mud-supported Grain-

supported
Less than

More than
1{3":"!:! I_:]ral.n:-‘;

10% grains

Grainstone | Boundstone

Crystalline




Dalsi klasifikace

Klasifikace podle zdroje materialu

Extrabazinalni sedimenty (siliciklastika)

Intrabazinalni sedimenty (karbonaty, evapority, silicity, organolity)

Geneticke klasifikace

Konturity (sedimenty ulozené nebo prepracované konturovymi proudy)
Turbidity (sedimenty ulozene turbiditnimi proudy)

Tempestity (sedimenty ulozene behem velkych bouri)

Tidality (sedimenty tvorene v pribrezni zone ovlivhovaneé slapovymi jevy)

Inundity gsedimenty usazovane vlivem stridani povodnoeho a normalniho
stavu rek




Diageneze

Soubor fyzikalnich, chemickych a biologickych procesu, které vedou
K premene sedimentu na sedimentarni horninu

Diageneze muize pokracovat i po zpevaeni horniny a menit jeji strukturu a
mineralogicke slozeni

Diageneze vznika, pokud se mineraly sedimentu v dusledkui zmény podminek
nebo chemismu stanou chemicky. nestabilni (hranice mezi zrny a vedou Nebo
vzduchem —zmena chemismu, mena tlaku, zmena teploty)

Cilem systemu je dosahnout stabilniho ekvilibria

» Diageneticke procesy:
Kompakce
Rekrystalizace
Rozpousteni (vcetne tlakoveho)
Cementace (tmeleni)
Nahrazovani (+ neomorfismus)
Bioturbace




Diageneticke procesy

Kompakce
Zvyseni tlaku nadlozi
Shizeni porozity
Faktory, kiere ovlivhuji moznoul miru kompakce - velikost zrna, tvar
zrna, zaobleni, trideéni, ptivodni porozita, objem fluid v porech
» Mechanicka kompakce (necementované horniny)
» Chemicka kompakce (rozpousténi, cementované horniny)

Rekrystalizace
Reorientace krystalovyc mrizek mineralti (chemismus se neméni)
Tlak, teplota, fluidni faze

Obecne zvysovani velikosti zrna — snizeni povrchu zrn — snizeni
povrchove volne energie — ekvilibrium




Compaction

Pressure squeezes out pore water

Clay rich sediments Volume of voids

Compaction
:> Sand
50 — 60% water Consolidation 10 — 20% water Clay
Granular sediments - Sands Vertical stress

— —

Further void reduction by
pressure dissolution —
produces a locked sand

Reduction in voids through
particle re-arrangement




Recrystallisation

Mineral grains forming sand increase in
size due to crystallisation around the
grains of the same mineral. For example if
mineral grains are quartz then more
quartz grows around original grains

Sand Sandstone e.g. quartzite
End product has crystalline texture




Diageneticke procesy

Rozpousteni
= Podsyceni poro ych fluid vzhledem k
okolnim: mineraltm, nestabilni mineraly
= Zvysena teplota, tlak

= Tlakové rozpousteni — v misté maximalniho
kontaktu — krystalizace v misté mensiho
tlaku

Cementace

= Knystalizace novych mineralll z roztokt
v. porech horniny — kremen, kalcit, hematit,
aragonit, sadrovec, dolomlt

= Snpizovani porozity, zpeviaovani
Podminky.

= Prtichod fluid pory, presyceni fluid vici
cementacnimu mineralu

= Absence kinetickych faktord zabranujicich
cementaci

Autigeneze

= Krystalizace novych mineralti mimo pory.
v sedimentu — zpravidla nahrazeni

= kremen, zivce, jily, zeolity, kalcit, hematit,
aragonlt sadrovec dolomit, fosfaty (apatlt)

= Snizovani porozity, zpeviovani




Dissolution

Dissolution of
carbonate grains

=)

Mixed carbonate and

quartz sand Quartz sand + particle re-

arrangement




Cementation

Sand Cemented sand = sandstone

—>

>Iron oxide

» Calcium Carbonate
»Clay minerals
>Silica




Diageneticke procesy

Nahrazovani
Nové mineraly krystalizuji na misté ptivednich mineralt
Neomorfismus — nové zrno je stejné faze jako ptivodni (sejny

mineral)

Pseudomorfismus — nove zrno napodobuje vnéjsi tvar puvodniho
Zrna

AI_omg)Irfismus — novy mineral o jiném tvaru nahrazuje ptvodni
minera

Dolomit, opal, kremen, illit

Bioturbace
Zvireni sedimentu v dusledku cinnosti zivych organismu

Pri povrchu sedimentu
Nekdy doprovodna cementace




Faze diageneze

» Rana diageneze (eogeneze)
» Stredi faze diageneze (mesogeneze)

» Pozdni diageneze (telogeneze)

» Melka diageneze (shallow-water)

» Diageneze pohrbenim (burial)




Fluida pri diagenezi

Fluida pritomna v kazdem sedimentu

Funkce fluid
Srazeni cement
Tvorba autigennich a nahrazkovych mineralt
Rozpousteni

zmena slozeni fluid behem diageneze

Typy fluid
syndepozicni (voda)
meteoricka fluida (sladka voda)
morska voda
dehydratacni rozklad mineralti — dalsi voda
metan
uhlovodiky




Diageneze psamitickych a
psefitickych klastickych sedimentt

Porozita a kompakce ekonomické hledisko — ropa a zemni plyn

snizovani porozity, deformace plastickych; litickych zrn (droby), porozita (po ulozeni' cca 40%)), po
diagenezi mnohem méne, minimum cca 3%

Bioturbace — misty hojna
Rekrystalizace

Rozpousteéeni
snizovani porozity nebo zvysovani sekundarni porozity
Zmeéna mineralniho a chemickeho slozeni horniny
Stabilni mineraly (kremen) - nestabilni mineraly (Zivce)

Autigeneze
Fylosilikaty, chlorit, zivce, zeolity

Cementace
Kremen, kalcit, zivce, dolomit, illit, kaolinit, hematit

Typy cementu:
Vlaknité
Mikritické
Izometrickeé zrnité (equant)




Diageneze pelitickych hornin

Mineralni slozeni:
Illit, smektit, kaolinit, chlorit, kremen, zivce, kalcit

Bioturbace:
eogeneze, velmi hojna

Porozita a kompakce:
usporadani tabulkovitych zrn kolmo k tlaku nadlozi, znacna kompakce

Autigeneze, nahrazovani, rozpousteni, rekrystalizace,
cementace

Nahrazovani smektitu illitem (,krystalinita illitu™)
Nahrazovani kaolinitu jinymi fylosilikaty (dickit)
Rozpousténi a nahrazovani zivct

Rozpousténi a narazovani kalcitu a dolomitu
Shizeni obsahu organickeho uhliku




Diageneze karbonat

Procesy smerujici k ustanoveni chemické rovnovahy:

Nestabilni mineraly (aragonit, high-Mg kalcit) -> stabilni mineraly (low-Mg
kalcit, dolomit)

Procesy:
Cementace
mikrobialni mikritizace
Neomorfismus
Rozpoustéeni
kompakce (+ tlakovée rozpoustéeni)
dolomitizace

Prostredi diageneze:
Morske
Meteoricke
Hluboke pohrbeni (burial)




Cementace
Vypln portl mineralnimi fazemi

Cementacni mineraly:
Bezne: Aragonit, kalcit, dolomit,
Méné cCasto: Ankerit, siderit, kaolinit, Q, anhydrit, sadrovec, halit

Plvod iontt ve fluidech:
Z morske vody
Z rozpusténe horniny.

Morfologie cementu (tvar krystalovych individur):
Jehlicovity, izometricky (equant), mikritovy

Geometrie cementu (usporadani krystalti v prostoru):
Izopachovy, meniskovy, polygonalni, syntaxialni




Mikrobialni mikritizace

Chemicke leptani substratu mikroorganismy
\Viypln leptanych dutin mikritem
mikritickeé obalky, Uplné nahrazeni zrna

Substrat: skeletalni alochemy (echinodermata, mollusca), ooidy:
Vrtave mikroorganismy: (vapnité houby /Cliona/, endoliticke rasy, akterie)

Neomorfismus

Zmena velikosti zrna a zména chemismu zrn

» Agradace: zvetsovani velikosti zrna (mikrit -> mikrosparit)
» Kalcitizace: nahrazeni aragonitu kalcitem




Rozpousteni

Nestabilni mineraly: aragonit, high-Mg kalcit

Kompakce

Snizovani celkového objemur horniny (vcetné port)

Rozpousteni na kontaktu zrn v necementovanych sedimentech
Tlakove rozpousteni v.cementovanych sedimentech (tlakove svy - stylolity)







Cementy: izopachovy, blokovy (vlevo), meniskovy: (vp




yntaxialni
ement




Diageneticka prostredi

Marinni diageneze

Procesy: cementace, mikritizace,
Typy cementu:

aragonitove (véjirovy, jehlicovy)
High-Mg kalcit (blokovy izometricky)

Hardground: zpomaleni sedimentace, diageneze v pripovrchove zoné sedimentu,
mikritizace, bioturbace

Beachrock (peritidalni karbonaty): cementovane sedimenty: plazi, vrtani,
mikritické a jehlicovitée cementy,

Nodularni textura (karbonaty s obsahem mikritu a vyssim obsahem necistot
/pelity/)




Meteoricka diageneze

Procesy: rozpousteni, cementace,

Ivpy. cementu:
Mikritove, low-Mg kalcit, meniskove

Kalkrety:
\/ ptidnich horizontech,
Mikritické — mikrosparitické cementy, vypln porti nebo nahrazovani
Riizna morfologie

Diageneze pohrbenim

Podminky: tlak nadlozi, zvysena teplota, Ty
nizka porozita

Procesy: neomorfismus, chemicka a
mechanicka kompakce (stylolitizace)

Tvpy cementu:
Izometricky, syntaxialni

Hrubozrnny low-Mg kalcit, siderit, ankerit, ===
dolomit




Dolomitizace

Nahrazovani CaCO; dolomitem
2CaC0o; + Mgzt & > CaMg(CO;), + Ca?*
CaCo; + Mg?* + COs% & > CaMg(COy),
Zdroj Mg2*: morska voda, jily obohacené o Mg2+

Procesy dolomitizace:
Cementace (vzacne)
Nahrazovani










Modely dolomitizace
Evaporacni dolomitizace

Aridni prostredi (sebchy, solna jezera)
Kapilarni vzlinani podzemni vody v diisledku odparovani vody
Miseni morskych a terigennich nasycenych vod

Dolomitizace v zone miseni

Miseni morskych a terigennich podzemnich vod
Mg z morske vody
Terigenni voda: hybny mechanismus, pumpuje dolomitizujici fluida horninou




Dolomitizace pohrbenim

Ztrata vody kompakci z jilovych hornin a migrace fluid nasycenych Mg
Dolomitizace vapenctl okraje Selfu

Dedolomitizace

Nahrazovani dolomitu low-Mg kalcitem




Facie a depozicnil prostredi

soubor charakteristickych znakul sedimentu:

sedimentarni textury (vrstevnatost, zvrstveni, textury na
vrstevnich plochach) a sedimentarni struktury (zrnitost,
vytrideni, zaobleni) -> hydrodynamicke podminky
ukladani — smer, rychlost proudeni, laminarni /
turbulentni proudeni, vineni, priliv, atd.

mineralni slozeni sedimentu (zdrojova oblast sedimentu,
podminky diageneze)

paleontologicky obsah a (ekologie, funkcni morfologie
fosilii)

tafonomie (podminky zachovani fosilii porodumreni)

Princip lateralni zmeny: facii







Facialni' zmena, transgrese a regrese

A = Sandstone facies (beach environment)
B = Shale facies (offshore marine environment)
C = Limestone facies (far from sources of terrigenous input)

Each depositional environment grades laterally into other
environments. We call this facies change when dealing with
the rock record




Walthertiv: zakon

,facie lezicl v.danem casovem okamziku vedle
sebe jsoul ve vertikalnim profilu viditelne nad
sebou”.

Umoznuje studovat casoprostorove vztahy mezi
faciemi

Spoluptisobeni dvou procesu:

lateralni posun procest sedimentace (napr. rozsirovani
ricnich meandru, prekladani ricnich koryt, posun
poustnich dun) ktere vedou ke vzniku facir,

neprerusovane vertikalni ukladani facii.




Walther's Law - Facies Successions

Facies situated in conformable vertical
successions of strata are also situated in laterally
adjacent environments

Section

Section

Section

FIGURE 3-41 An illustration of Walther’s Principle, which states that vertical facies
changes correspond to lateral facies changes. (After Brice, ]. C., Levin, H. L., and Smith, M. S. 1993.
Laboratory Studies in Earth History, 5th ed. Dubuque, 1A: William C. Brown.)




Progradace / retrogradace

Shale Sandstone
facies facies

Old land
surface

Old land surface




Transgresivni a regresivni sekvence

*Transgressive sequence *Regressive sequence
*Deeper water facies overlie shallow water facies. *Shallow water facies overlie deeper water facies.
A "deepening upward" sequence. A "shallowing upward' sequence.




Sedimentacni’ prostredi

Geograficky prostor, ktery je charakterizovan specifickou
kombinaci geologickych procesu

Relief, topografie
Typ, mnozstvi vody, hloubka vody.
Procesy transportu a sedimentace
Biologicka aktivita

Interpretace ze souboru facii




pobrezni
prostredi

eolické prostredi Aluvialni véjir

al fans

lakustrinni
prostredi
pelagické Fioodpin
prostredi

fluvialni prostredi

gk a2 AT R

Turbidity current ———

SN L e Sl

i e i F*e e prilivové
podmorsky bariérové ostrovy plosSiny

| v&jiF




prostiedi sedimentace

facialni model

charakteristika, typické facie

terestrickd fluvialni aluvidlni véjir klastické sedimenty, hrubozrnna klastika, chaotické §térky, Sikmo zvrstvené pisky, mélo fosilii, velké mocnosti
divo¢ici Feka Stérky, pisky, jily, Sikmé zvrstveni v piscich, FU trendy, bez fosilii, lateralni akrece sedimentu
meandrujici Feka Stérky, pisky, jily, imbrikace valounti ve sméru proudéni, Sikmé zvrstveni v piscich, laminované jily, zbytky rostlin,
uhelné slojky, FU trend,
anastomosing river pisky, jily, malo $térku, Sikmo zvrstvené pisky, zbytky rostlin, agradace
(vzajemné proplétani recist)
eolické erg, duna pisky, piskovce, Sikmé zvrstveni riiznych smérd, $plhavé Cetiny, velmi dobré vytfidéni, Cervena barva (oxidy Fe)
Sprase CaCO03, aleuriticka frakce, terestricti ,,sprasovi® plzi
lakustrinni otevi‘ené systémy roCni varvy, turbidity, n€kdy nevrstevnaté sedimenty, sladkovodni organismy, progradace ptibieznich klastik
uzaviené systémy stratifikace vodni masy (O,, teplota), casta laminace, cerné jilovce bohateé na organickou hmotu (anoxické sedimenty),
chemogenni sedimenty (karbonaty a evapority), stenovalentni organismy - brakicka a slana voda
prechodna deltaické wave-dominated Sikmo zvrstvené pisky, horizontalné zvrstvené pisky, zbytky rostlin, prodelta - jily
tide-dominated sedimenty p¥rilivovych ploSin, piscité hibety - Sikmé zvrstveni, bioturbace, zbytky rostlin
prodelta - jily
river-dominated deltova plosina - jily, pisky, Stérky fickich koryt, uhelné sloje, rostlinné zbytky
Celo delty - jily, jemnozrnné pisky, brakicka fauna
prodelta - jilovce, marinni fauna
celkova progradace, CU trendy,
prilivové Siliciklastické mikro-, meso- makrotidal
plosiny cockovité zvrstveni, paralelné laminované jily, pisky s cefinovym zvrstvenim, intraklasty, rezidua vypln¢ kanal,
ktizové zvrstveni typu ,,herringbone®, bioturbace,
Karbonatové fasové koberce, tepee struktury, intraklastové brekcie, bahenni praskliny, evapority, stromatolity
marinni pobieZi a bariérové ostrovy pobieZi - pisky, planarni zvrstveni, dobré vyttidéni, Cefinove zvrstveni
laguna - Casto hypersalinni nebo naopak brakické prostiedi, stenovalentni fauna
bariérovy ostrov - viz. pobiezi
klastické Selfy dominované dmutim Piscité tidalni hibety, tempestity, HCS, Sikmo- a kiizov¢ zvrstvené piskovce, mélkomotska fauna
domin. bouikami
karbonatové Selfy rampy utesy a Selfové sedimenty:
lemové Selfy viz. facidlni klasifikace karbonati + facidlni modely siliciklastickych Selfi, utesové a mélkomotské organismy,
izolované lavice autoproduktivita !
atoly
svahy a panve svah, svahovy osyp turbidity, sedimenty gravitaénich tokl, konturity, hemipelagické sedimenty s nektonickymi a planktonnimi
(apron), podmoisky véjif | organismy, ,,fly$*, nereitové a zoofykové ichnofacie
oceanské dno
pelagické prostiredi sedimenty ze suspenze, rudé jily, biogenni vapnita a kiemita bahna, paralelni laminace, detailni zvrstveni, dominuje
plankton (a nekton), CCD, nereitové a zoofykové ichnofacie




Terrestricka sedimentacni prostredi

Soubor terestrickych sedimentacnich (frostredl zahrnuje prostredi
sedimentace mimo dosah morske vody. Jednu kategorii terestrickych
prostredi predstavuji prostredi

subaericka, kdy sedimentace probiha na rozhrani vzduch-sediment.
Tato kategorle zahrnuje prostredi —

eolicka,
glaciélni
aluvialni.

subakvaticka, kdy sedimentace probiha na rozhrani voda-sediment,
ktera ZathJI prostredl

ricni (fluvialni)
jezerni.




Eolicke prostredi

aridni oblasti s nedostatkem srazek a vetrne proudnice

nesouvislym pokryvem vegetace
Transportnim a ukladajicim medium: vitr
Duna

navetrna strana (eroze pisku)
zavetrna strana. (sedimentace pisku)

Migrace duny — zmeny smeru
vymolove Sikme zvrsteni

Systemy dun vytvari rozsahla (n x 105 km2)
telesa, nazyvana ergy, ktere miguji podobne
Jjako duny

Eolicke sedimenty jsoul dobre vyiridene a
jejichi zrna se vyznacuji velmi dobrym
zaoblenim. Malo fosilii — jen stopy a vyhraby.




Glacigenni prostredi

Prostredi sedimentace geneticky vazane na kontinentalni nebo horsky: ledovec.
» Horske ledovce - eroze.
» Kontinentalni ledovce.

Erozni Cinnost, erozni ryhy
Depozicnl Cinnost
Subglacialni prostredi: souvky, till, tillit

ProgIaC|aIn| prostredi: odtok tavnych vod, zvrstvené stérky a pisky, spatné odlisitelnych
od sedimentt divocicich rek fluvialniho prostredl

Glacilakustrinni prostredi, sedimentace jedmozrnnych paralelné laminovanych sedimentt -
varvity. Jemna laminace je zpusobena sezonnim odtavanim ledovce, v zZime jsou ukladany:
relativné jemnozrangjsi laminy s mnozstvim organického materialu, v I€te sedimentuji laminy
relativne %rubozrnnejsmo materialu, uvolnovaneho pri taveni ledovce.

Glacimarinni prostredi: Kry odtrzene z ledovce, plovouci na hlading, uvoliuji odtavanim
valouny a balvany, které padaji ke dnu jezera nebo more a jsou zacleneny do jemnozrnnyc
sedimentt ze suspenze. Tyto valouny se nazyvaji dropstony




Fluvialnil prostredi
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Aluvialni vejir

» Intenzivni akumulace materialu v subaerickem prostredi probihaina okrajich horskych
pasem, V. piedmontnich (Upatnich) oblastech:.

» Aluvialni kuzely jsou veﬁlrowta telesa, jejichz povrch ma mnohdy znacny sklon a je
pokryt siti koryt ricnich to

Hrubozrnng, spatné vytridene a chemicky nezralé klasticke sedimenty

Zakladni procesy:
1) sedimentace z vodnich tokd,

Prvni typ sedimentu zahrnuje relativne dobre vytridene sterky s vymolovym sikmym
zvrstvenim a pisky s cerinovym zvrstvenim.

2) sedimentace z gravitacnich tokd.

Druhy typ sedimentu je vysledkem gravitaci' vyvolanych sesuvii a skluzd na uklonéném
nestabilnim svahu veJ|re a nasledneho pohybu materialu ve forme ulomkotokii a bahnotokii.
Secll(lmently tlomkotokdi a bahnotokdi vytvareji vrstvy chaotické netridéné smeési balvanti, Sterku,
pisku a jilu.

» Aluvialni kuzeI?/ jsou ve sve proximalni casti zpravidla kontrolovany okra]ovyml
poklesovymi zlomy horskeého pasma, a neustala subsidence podél téchto zlomti vede k
akumulaci' obrovskych mocnosti sedimentu (10 kmi i vice).

» VEtSina aluvialnich kuzelt prechazi ve sve distalni (vzdalené) casti do ficnich systemu
specifickeho prostredi divocicich rek. Sedimentarni produkty obou prostredi jsou tak
Spatne rozlisitelne.




Aluvialni
Ve]ir
Lateral accretion
(bocni akrece) involves
higher-order bounding
surfaces dipping
perpendicular to
paleoflow direction and
associated lower-order
bounding| surfaces; in
the case of
downstream
accretion higher-order
bounding surfaces dip

parallel to paleofiow
direction

Kanaly

Gravitacni sedimenty
(Ulomkotoky)
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SIEVE DEPOSITS

PARTIALLY
MASSIVE GRAVEL
(Gm)

SUBAERIAL,
DEBRIS FLOW

SUBAQUEGCUS
DEBRIS FLOW

SHEET FLOOD AND STREAM
DEPOSITS

Fig. 2.11. Simplified facies models of a alluvial fan (proximal to mid fan region)
explanation of symbols

Chapter 2 Continental Sediments

STREAMFLOOD, OLDER CHANNEL
AND SHEET FLOOD DEPOSITS

YOUNG CHANNELS

DEPRIS FLOW LEVEE

DEBRIS FLOW
(Gms)

; Sp, Sh, St,
PARTIALLY Fm, FL

DEBRIS
FLOW
(SUBAQUEOUS)
LAKE DEPOSITS

and b fan delta. See Table 2.1 for




In arid areas, like 1n the desert mountains next to Death Valley, CA
in this photo, streams flow only intermittently after heavy rain
storms. After heavy rains, water charges down the canyons as flash
floods, carrying large amounts of sediment as debris flows (recall
Chapter 7: Mass Wasting). As the debris flows slow down, this
sediment 1s deposited to form alluvial fans -- broad sloping sheets of
coarse sediment at the mouths of mountain canyons.




Divocici reky

Braided rivers are characterized
by adominance of braid bars
exhibiting both lateral and
downstream accretion;
meandering rivers primarily
contain point bars with lateral
accretion; in straight (and most
anastomosing) rivers bars are
commonly almost absent

Bars ﬁvaly) are sandy or
gravelly macroforms in channels
that are emergent, mostly
unvegetated features at low flow
stage, and undergo
submergence and rapid
modification during high
discharge

PROXIMAL
BRAIDED RIVER  \

(LOWER
ALLUVIAL FAN)

(SCOTT TYPE)

(DONJEK TYPE)

MINOR
CANNEL

: I CHANNELS

MAJOR
CHANNEL

“) DEBRIS FLOW

DEPOSIT | SYSTEM

Fig. 2.15a-f. Braided river systems. a-c Proximal to
middle reaches, gravel-dominated (b), or sand-dominated
¢) with minor proportion of gravel. d-f Distal, sand-domi-

\\ BRAIDED RIVER \
(PLATTE TYPE) (BIJOU CREEK TYPE)

DISTAL BRAIDPLAIN

" SUPRERIMPOSED

S LINGUOD

BARS

4 | SILT AND
CLAY OF
! FLOODPLAIN

= LONGITUDINAL

N i
.Y b N
- = —=

nated system with wide channels and flat, linguoid sand
bars (d and €), or wide floodplain rarely inundated by flash
floods (f). (After Miall 1985)
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Meandrujici reka

» Na rovinatéem uzemi v nizinach jsou ricni toky omezene do jediného reciste, které vytvari
zakruty, neboli meandry.

Vznik meandrtl v ptivodné rovném toku je vysvetlovan pomoci edchylujici sily zemske
rotace - Coriolisovy sily. Meandry jsou postupne dale rozsirovany lateralni erozi
vyvolanou odstredivou silou vody.

» Meandrujici reka vytvari tri zakladni geomorfolgicke tvary s charakteristickymi sedimenty.
Pri vnejsich okrajich meandru, kde ma voda nejvetsi energii, dochazi k lateralni erozi brehl a na
dne ricniho koryta k ukladani rezidualnich sterku, casto imbrikovanych; zatimco mensi
sedimentarni castice zustavaji ve vodni suspenzi.

Pri vnitrnich okrajich meandrl voda vlivem odstredive sily ztraci energii a uklada relativng

jemnozrnejsi sedimenty na jesepnim valu. Sedimenty jesepnich valu predstavujil prevazne
pisky s krizovym zvrstvenim. Sedimentace jesepnich valu probiha mechanismem bocniho

nartstu - lateralni akrece.
Sirsi okoli reky a vnitrni WEIF\ obloukdi tvori niva nekdy s vyvinutymi mocaly. Jemnozrnne
sedimenty nivy jsou produktem zaplav a jsou ukladany mechanismem vertikalni akrece.

» Migrace meandr v prostredi meandrujici reky vytvari charakteristické nahoru
zjemnuiici cykly. Na bazi cyklu jsou rezidualni sterky koryta reky, v jejich nadlozi
krizove zvrstvenée sedimenty jesepnich valti a cyklus je zakoncen sedimenty nivy a
naplavy (organickeé zbytky, raselina, otisky korent).




This air photo of the
Missouri River beautifully
shows the main
meandering channel and
the adjacent floodplain (the
band of darker land along
the channel).

Farms and fields produce
the patchy appearance of
the floodplain here. The
fertile soil of floodplains 1s
intensively farmed
throughout the world.
Intensive human use of
floodplains 1s one of the
problems we will consider

later 1in this lesson.




Meandrujici
reky

Point bars (jesepni valy)
form on inner banks and
typically: accrete laterally,
commonly resulting in
lateral-accretion surfaces;
mid-channel or braid
bars accrete both
laterally and downstream

Kanaly, opustene kanaly:
Prelivove sedimenty.

Povodnove roviny

Fluvial Sediments

- oxbow lake

/

Fchute channel |
meander with lag |

belt chute bars _Jmmmmimy

FLOODPLAIN -
DEPOSITS

increas.

grain

size
IDEAL POINT BAR
POINT BAR WITH CHUTE
SEQUENCE BAR

Fig. 2.16a-h. Meandering river system. a Formation of
sandy meander belt within a flood basin. b Different sub-
environments of meandering channel. c-g Characteristic
vertical sections of the youngest sediments of the flood

LATERAL
ACCRETION
COMPLEX

POINT BAR
erosion crevasse spla
ban / ridge i

: '2—.{(‘»7* contorted
=2 XX climbing
ripples

accrehon
complex

crevasse

spla
Sh Stém

laminated
silt and

OVERBANK
FINES ON CHANNEL
FLOODPLAIN (OXBOW LAKE)

basin. h One fluvial cycle (autocyclic). See Table 2.1 for
explanation of symbols; sm small-scale. (Based on different
sources, e.g., Walker and Cant 1984; Galloway 1985;
Miall 1985)
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Meandrujici reka

N

starSi sedimenty

starky koryta




Sediment bodies: bars, point bars

River
Morava

 Deposition = erosion on long-term time scale

Temporary sediment (pollutant) sinks
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Mrtvé rameno
(Oxbow lake)

A long-term result of
erosion of cut banks
(outsides of bends) is
that a stream may
eventually cut through

the neck of a tight
meander, abandoning Deposits of
part of its channel, and silt and clay

forming a feature called
an oxbow lake.

The figure here shows
the steps in this process.

Abandoned
channel
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This air photo shows an oxbow lake. (The main channel is out of
view to the right.) The curving “scars” on the land show the
progressive migration of the meandering channel over time.




Note on this figure the locations of the levees.

Floodplain

As a stream rises prior to flooding, its increased velocity and
discharge allow 1t to carry more and more sediment. When the
stream crests 1ts banks and spills out onto the floodplain, the water
slows down, depositing ridges of sediment along the banks called
levees. The levees are often the highest places on the floodplain.




22. Large scale trough cross bedding (sandy bedlorms,
Texture: sand with pebbles passing into sandy pebble gravel
in the upper part of the section

Structure: trough cross bedding

Stratigraphy: Lower Pleistocene terrace of th

Locality: Libcice (Praha Zdpad District)

Photo by: ]. Kadlec 1




Delty
Morfologie a procesy

Pri Ustf ricnich tokd, nesoucichi znacné mnozstvi sedimentu, do more
dochazi ke zpomalovani az Uplnemu zastaveni' proudu rek. Ztrata energie
vede k vypadavani sedimentarnich castic z vodni suspenze a rychle
akumulaci ulozenin vetsinou v telesech vejiroviteho tvaru - deltach. Z

ostupnym zpomalovanim toku sedimentujil nejblize recisti hrubozrnna

lastika, a dal smerem doi otevreneho more potom jemnozrnne pisky, silt a
jily. V' podelném prirezu od recisté do more delime delty na tril casti -
deltova platforma (celo delty), deltovy svah a prodelta.

Deltova platforma je budovana siti rozvétvenych Ficnich kanalt,
vaInenygh piskem a siltem s krizovym zvrstvenim. Pisky se take
akumuluji mimo kanaly ve formeé valli ai plochych piscin na cele delty.
Rozsahle plosiny mezi kanaly jsou vsak vetsinou pokryty hustou vegetaci,
ktera vede k sedimentaci uhlonosnych ulozenin. Deltovy svah se sklani
od cela delty smerem do more. Hloubky dosahuji pod bazi vinéni, a proto
se ukladajil jemnozrnne sedimenty, silty a jily. Na rozdil od deltove
platformy je deltovy svah obydlen cCisté marinni faunou. Nayic sedimenty
svahu obsahuji hojné tlomky: rostlinného ptivodu. Na prodelté se tklon

V. -

svahu opét zmensuje, a dochazi k ukladani jilu.




opustéena
delta

pisCita
télesa

deltova platforma

hladina more




Clastic coasts Chapter 6

Pobrezni profil

4 A/ V 4
» Baze vineni
5
Ec‘)é’ //{/ ~~~ No movement
4 A/ V £ \Y/ V £ ;2
» Baze bourkoveho vineni T
O 2| Threshold Grain movement
o | velocity

(b)

Figure 6.7 The littoral energy fence. (a) Wave transformation as a
shoreline is approached. The orbital diameter decreases with depth,
moving to-and-fro as it nears the bottom and frictional drag
increases. (b) The effects on sediment movement during the passage
of a shoaling wave. The onshore stroke of the wave as the crest
passes carries more sediment than the offshore stroke associated with
the passage of the trough (from Swift & Thorne, 1991).

— Swash zone —
———— Surf zone
-—— Breaker zone

Shoaling wave zone
""" Oscillatory wave zone

Aeolian
dunes

Beach —- Shoreface Offshore—transition

Foreshore

Backshore
Berm

Parallel lamination Symmetrical ripples passing landward

and x-b single sets into asymmetrical ripples, and T
possibly dunes, often wiped out
during storms and replaced by Storm-dominated deposition, unless shelf
storm-deposited facies such as regime impinges—storm-generated sand
‘laminated and bioturbated beds of laminated (HCS) and bioturbated
facies'—extent of bioturbation facies prevail, possibly with mud-silt
variable, but tends to decrease interbeds deposited during fairweather
landwards periods

Figure 6.6 Generalized shoreline profile showing subenvironments,
processes and facies.




PROGRADUJICI DELTA

V prlpade ze hladina more
zustava Ve steJne pozici,
musi byt material nepretrzité
prinaseny rekou ukladan
stale dale a dale smérem do
more, a delta prograduje.
Ve vertikalnim sledu
progradujici delty se
objevuje nahoru
hrubnouci sled od
bazalnich jilti prodelty, siltli
a jilli deltoveho svahu az k
pisktim, siltim, |Iovcum a
uhlonosnym sedimenttim
deltove platformy. Nahoru
hrubnoua cykly se
vertikalnim prurezu Casto
opakuiji, coz IJK zptisobeno
p ynuIym poklesavanim delty
v dlsledku pretizeni
prinasenym sedimentem.

Progradujici delta

EZ conglomerates Sandstones E-d sandstones & lutites Sandy marls 7 Erosionfomission surfaces

=3 sandy grainstones [ Coral limestones 21 Rudistid limestones 5 ﬁ)r:_‘b;;‘i’gzéi e Bioturbated surface
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So0—So: Pre-deltaic seguences units (marine, fluvial) 00-6k: Surfaces of erosion or non-deposition

S1-Se: Deltaic sequences {1a—6a: delta-sequences boundaries)

{b) Pi-Pe: Prograding units {deltaic foresets) Li-Ls: Lateral accretion units (shore-zane)

Aoo-As: Aggradational units (marine, fluvial) e thiTenee bistirhation

Figure 6.30 Cross-section through the Albian La Miel Member of
northern Spain to show (a) arrangement of facies and

(b) interpretation of lateral and vertical sequence in terms of deltaic
sequences, aggradational units, prograding units and lateral accretion
units (from Garcia-Mondéjar, 1990).




Vertikalni' CU trendy
na progradujici delte

<+—— Thin soils and peat beds

Series of 3—-10 m coarsening upwards
sequences representing the repeated
infilling of interdistributary areas

<+— Thin soils and peat beds

<+— Ripple-laminated silts and sands with
scour surfaces

60-150 m coarsening upwards sequence
produced by mouth bar progradation

+— Interbedded muds, silts and sands

+— Slump sheet

<+—— Homogeneous muds, laminated or
bioturbated

Figure 6.44 Composite idealized sequence produced by mouth bar
progradation in the Mississippi delta (after Coleman & Wright,
1975).




Progradacnii (R) /retrogradacni (T)

A/ A\ /

sedimentacni systemy na pobrez

Plan views of transgressive and
/progradational coasts under varying
of tidal power and wave power and
or fluvial sediment supply (based on
d,1981; Boyd, Dalrymple & Zaitlin,

Regressive/prograding

Increasing relative tidal power
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' dominated
- estuary </

Tidal flat
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Linear coasts asts
- = =] with - = = = |with[= =
marine sediment supply | [ Elongate/lobate coasts with| |marine sediment supply
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Na tvar delty a facialni R b = Yallahs %
charakteristiku | W o e
sedimentu mgjl _—B N e A | N R Y
zasadni dopad! tri
faktory: prisun
sedimentu rekou,
morske vineni a
morske dmuti
(priliv:a odliv).

Podle vyznamu
jednoho z nich se
delty déli na :

delty s prevazujicim
vlivem reky
(napriklad
Mississippi, Pad),

delty s prevazujicim
vlivem vineni
(napr. Rhona) a

delty s prevazujicim
vlivem dmuti
(na pF. Ga nga) . Figure 6.2 Classification of modern deltas based on the dominant

ss (fluvial, wave or tide) of sediment dispersal at the delta front
r Galloway, 1975) and on the prevailing grain size. Note the
differences in scale (from Orton & Reading, 1993).

dominant. except where a cratonic granitic







Barierove ostrovy

Ustil rek ‘worl jen men5| procento delky pobrezi, vetsi cast pobrezi je lemoyvana komplexy
bariérovych ostrovu. Ty jsoul vytvareny akumulaci marinnich pisk morskym| proudy
bézicimi podél pobre2| Smeér techto proudt udava orientaci barierovych ostrovii podél pobrezi.
IVIIaIa cast ostrovtl mize byt také dotovana piskovym materialem z delt s previadajicim vlivem
vinéni.

Zonai mezi ostrovem ai pevninou je zalita vodou a nazyva se laguna. LagunK jsou typicke
nedostatkem hrubozrnne]smo materialu, protoze jsou od vysokoenergetickeho prostredi plazi
chranény. komplexem; ostrovd.

Brehy lagun jsou vétsinou ploché ai plosné rozsahlé a jsou okupovany prilivovymi plosinami
Facie:

Brehy ostrovil sklangjici se k mori jsou charakteristicke plazovymi pisCitymi sedimenty s
horizontalnim zvrstvenim nebo sikmym zvrstvenim o malém uhlu uklonu. Smerem do
;nore ]g caste cerinove zvrstveni. V centralni casti ostrova se akumuluji eolickeé pisky ve
orme dun.

V'lagunach dochazi k akumulaci jilts a piscitych jilti. Pokud je laguna cilem prinosu vétsiho
mnozstvi sladké vody z aktivni ricni site, jsou jeji vody brakicke coz se odrazi v charakteru
fauny. V' aridnim klimatu s nedostatkem prisunu ricni vody maji vody laguny tendenci k
hypersalinité a srazeni evaporiti.

Na prilivovychi plosinach (tidal flats) se ukladaji pisky ai jilovité pisky s mnozstvim
charakteristickych sedimentarnich textur (tepee textury, kanaly, brekcie, otisky destovych
kapek atd.). Spojeni laguny s otevienym morem je, zajlsteno tzv. prlllvovyml vtoky (inlets),
COZ jsou uzmy mezi jednotli vym| ostrovy. Dno vtoktl je pokryto: piscitymi valy bézicimi zhruba
kolmo ke komplexu: ostrovd.

Sekvence

V oblastech s dostatecnym prisunem; terigenniho klastickeho materialu komplex barierovych
ogtrlovu Is Iagu)nou prograduje, coz vede k charakteristicke vertikalni sekvenci (ostrov, laguna,
tidalni plosina




pfilovova plosina
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Klasticke selfy

Podle toho, kterymi silami je self ovlivnen nejvice Ize klasticke selfy.
rozdelit na

Selfy s prevazujicim vlivem dmuti a

U'prvniho typu se ve vysokoenergeticke zone vytvarejil vycasove
piscité hrbety ve smerui rovnobeznem s prilivovymi a odlivovymi
proudy. Hrbety jsou budovany dobre tridenymi pisky s sikmym
zvrstvenim; jejich vyska dosahuje nekolika metrll. Dobrym recentnim
prikladem selfu s vycasovymi piscitymi hrbety je Severni more.

selfy s prevazujicim vlivem bourkove cinnosti. Druhy typ je
charakteristicky vyskytem bourkovych resedimentovanych vrstey -
tempestitl. Tempestity se radi' mezi tzv. udalostvi sedimenty. Jejich
vznik je vazan na silne tropicke boure, behem kterych vodal o vysoke
energii eroduje jiz jednou usazeny sediment, zviri jej do suspenze a
opetovne uklada. Pro tempestity jsou charakteristicke erozni vymoly
na bazi vrstev, gradacni zvrstveni a predevsim tzv. hrbitkovite
zvrstveni neboli HCS (hummocky cross stratification). Tempestity se
deli na proximalni a distalni. Distalni tempestity se ukladaji v hloubkach
30 az 100 nebo i vice metird.




Hlubokomorske prostredi

kontinentalni Self

hrana selfu




Procesy resedimentace a facie

Gravitacni transport a sedimentace: topograficky gradient (napr.
svah platformy)
Procesy sedimentace a facie

Bahnotoky, tulomkotoky :
Binghamovskeé plasticke latky, soudrzné /. Tidal tats -
Uvedeni do pohybu: prekonani prahového napéti — pretizeni IS s'kae'l‘a_;' ;

svahu, zemétreseni, likvefakce (zkapalnéni), e
Ukladani: zpomaleni toku (snizeni kineticke energie toku) |
Facie: ostré spodni a svrchni' hranice vrstev, inverzni g?radace,

Spatné vytridéni, floatstone, rudstone, hOJne intraklasty
Turbiditni proudy > oy 7
Newtonovskeé kapaliny, vyssi hustota v disledku nasyceni Shelt marginal reet| K7/ | he-sedimented
sedimentarnimi casticemi, prevazu1e turbulentni proudéni, Rset debris|

Uvedeni do pohybu: zemetreseni, zvireni Casti v dusledku
bourky, prevyseni kritického sklonul svahu
Ukladani: zpomaleni proudu

Facie: ostré spodni a svrchni hranice vrstev, normalni gradace,
Boumova sekvence, grainstone, packstone wackestone, lime

mudstone, cizorodé alochemy. T ey 3
A) calcareous shale =
Sesuvy, s_kIu’zy o , - e fine—grained ) 3
Elasticke pevne latky, turbulentni pohyb, laminarni pohyb Lo ) ) f“;"ui;‘?; S 5 :
Ukladani: zmirnéni sklonu svahu (<~ | »
- V4 V. /4 7 V4 A 7 /3 O { SRR bicclastic o
Facie: zvrasnene a zprohybane vrstv?/ pelagickych karbonatu 5T Sald turbidite of S
(ime mudstone, wackestone s pelagickou faunou), _ Q) mixed benthic 3
Zrnotoky s il ta e
Nesoudrzné, prevyseni prahového sklonu svahu, turbulentni y. & By Poshed™ | fow n sty
ohyb calcareous | corals, and
pony Al *" shale pelagic
— = E Hs

Ukladani: zmirnéni sklonu svahu
Facie: inverzni gradace, velmi dobré vytridéni, grainstone
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» Svahovy osyp

Svrchni svah (proximalni, Ulomkotoky,
hrubozrnne turbidity, sesuvy, skluzy)

Spodni svah (distalni, jemnozrnné
turbidity)

Procesy sedimentace: progradace osypu
(do nadlozi: distalni -> proximalni)

pelagltes

base of upper

basin floor — slope ap

== basin floo
‘~ pelagic and
| hemipelagic
L. ooze, few
turbidites

BASE OF SLOPE APRON




Pelagicke prostredi

» Pelagicke sedimenty:

> 959, materialu ze suspenze (spad z vodniho sloupce)

» Karbonatovy material biogenniho ptivodui - planktonni a nektonni
organismy

» Eolicky material (zrnka Q siltovée frakce)

» Kosmogenni material (kosmicky prach)

» Vulkanogennii material (jilove mneraly a zeolity — produkty rozkladu
vulkanickych hornin oceanské ktry)

< 5%, terigenniho materialu
» Prostredi vzniku pelagickych sedimentu:
Oceanske panve

potopene karbonatove platformy a aseismické podmorske hrbety
selfy a intrakratonni panve




Faktory limitujici pelagickou
karbonatovou sedimentaci

» Rozpousteni' CaCO; v zavislosti na hloubce (CCD, lysoklina, ACD)
(Obsah CO, ve vode: zavislost na teplote vody, proudeni)

» Produkce CaCO; Vv pripovrchoveé zoné oceant
Klima
Bioticke krize a vymirani

» Hydrodynamicka energie prostredi u dna (proudént)




Lyzoklina a CCD
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Karbonatova
sedimentacni prostredi




Mineraly: karbonatovych hornin:

Aragonit:
biomineralizace, chemicke srazeni
chemicky nestabilni -> rekrystalizace na kalcit

\/ysokohorecnaty kalcit:
> 4 mol% MgCO;
biomineralizace, chemicke srazeni
chemicky malo stabilni -> rekrystalizace na kalcit
Nizkohorecnaty kalcit:
< 4 mol% MgCOs
Biomineralizace, chemicke srazeni
chemicky stabilni
Dolomit:
Ca,Mg(CO3)2
rekrystalizace, chemicky stabilni




Biomineralizace

Mineralogy of Skeletal Organisms

Calcite | Both
Taxon Aragonite %Mg Aragonite

Mlnerély: prOdUKty ~ Calcareous Algae: I Q 51’ 1P1.52P I SID 315_ e
metabolismu Tl | :

5 Coccoliths
organismui: Foraminifera:

Benthic . b
f Planktonic

Jednobunécni Sponges.

(protozez)

Bezobratli Eﬂ'gfimi i

| Tabulate

mnOhObU né(\fnll S_cie_srqgtmlan

Alcycnqnan

NizsI rostliny: Bryozoans:
Brachiopods:
Molluscs:
Chltons
| Bivalves
I Gastropmds
> Aragonlt F'tempeds____l_______h_

| Cephalopods

> VYSOkO-Mg ka|C|t Belemnoids & Aptychi |

Serpulids:

» Nizko-Mg kalcit D

Dstracodes
 Barnacles
TFHODI'IE'S
" Echinoderms:

® Common




2. Hlavni faktory: ridici sedimentaci
karbonatu

» Klima
Tieplota vody
Zmeny hladiny more (sekvencni stratigrafie)

» Fyzikalne —chemicke parametry prostredi (vody)
Zakaleni vody.
Salinita vody

» Hloubka vody:
Foticka zona
Kompenzacni hloubka karbonatu (CCD)

» Geotektonicke prostredi
Prisun klastického materialu (zakaleni vody)
Pohyby litosféry v podlozi karbonatl




Klima (teplota) ai salinita
Subtropicke pasmo (30 ° s. a j. zem. Sirky)

Asociace organismu produkujicich CaCO3

» CHLOROZOAN (korali, zelene vapnite rasy), t>15°C,
salinita: 32-40%0

» CHLORALGAL (zelene vapnite rasy)
t>15°C, salinita: >40%0, <52%0

» FORAMOL (benticke foraminifery, mékkysi)
t:0-32°C, salinita: 25-35%0




Hloubka more

Phototrophs and mixotrophs
— red algae, green algae

Uéinna, fOtiCké Zéna ~— Corals

Symbiotic benthic
foraminifera,
seagrass epibionts

(a) Aphotic

Mississippian

Minor carbonate production
by cyanobacteria and molluscs

Sea level

Crinoid banks,
brachiopods, bryozoans
= heterotrophic, suspension

tecuels Microbial

(b) bioherms

Figure 9.4 Contrasting locations and contributions made by different
| | | | organisms in platform development for (a) late Cenozoic systems and (b)
2 6 8 10 12 Mississippian systems. Predicted depth—productivity profiles on right.

Growth Rate (mml/yr)




CCD a lyzoklina

» CCD (karbonatova

kompenzacnl increasing rate of dissolution " 5degr193 of ;agzuratng $
hloubka ; ‘

» ACD (kempenzacni iaghition
hloubka aragonitu)

_ sediment
supply

L
E
4
S
i
—
o8
&
an

x¥3% | LYSOCLINE
CCD ¥ x x

5 “Pacific Ocean i Atlantic Ocean




Rychlost akumulace
karbonatovych systemu

Accumulation rate m ky '

0.1 1

| 1 VRS W 5 o 1 L | 1 | i b (1 S0 0 e |

Reefs <6 m deep

Reefs <10-20 m

Qolites |
WARM WATER Average platform
CARBONATES tidalites growth
potential

-
! .
Holocene glacial-eustasy

Rottnest —
Holocene —— Bass Basin
Spencer Gulf — >20m 4 Sea Grass Banks

deep

New Zealand

— Gambier
Cenozoic —Wilsfn IBhJﬁ COOL WATER

— Nullarbor | CARBONATES
— Great Australian Bight

Figure 9.2 Calculated accumulation rates of
modern and ancient carbonate systems
(modified from James & Bone, 1991), The

warmwater carbonate field refers to short- %:M

term rates, calculated by Schlager (1981) for M
shallow-water systems. The coolwater values Pl
include deeper-water settings. The values for
ancient carbonates reflect longer-term rates
which for all geological phenomena are much
lower than for short-term rates. Superficially,
the values from ancient systems resemble those
of coolwater systems but the data sets are not
directly comparable.

[Pl
Ja Tr ANCIENT
K CARBONATES
Apennines
Tg-Te
Bahamas
Jg-Holocene




Tektonicky ramec sedimentace

Shizeny: prisun klastickeho

materialu —
Velka a mala bahamska lavice
Velky barierovy Utes
Rude more

Morfologie karbonatovych teles
Lemovy self (Velky barierovy Utes)
Rampa (Zralo¢i zatoka, Yucatan)

Izolovana lavice (platforma)
(Bahamy)

Epeiricka platforma (pouze fosilni
priklady, Muschelkalk,

Dinant platform)
Potopena platforma (Blake plateau)

CARBONATE PLATFORMS

rimmed shelf o h

width 10-100km width 10-100km

ax _—

epeiric platform width 10°-10%m

e e B L T—

isolated platform width 1=100km

e e — - — - =

drowned platform




Melkomorska
depozicni
prostredi

= Pobrezni a pribrezni
prostredi

= Prostredi okraje selfu

= Prostredil prilivove-
odlivovych plosin
(peritidalni)

= Organicke utesy

Pobfezni a
pribfezni
prostredi

Organicky utes,
okraj Selfu




Pobrezni al pribrezni prostredi

Stredni az vysoka energie vineni
Zpravidla karbonatove rampy

Komplex plazove ostrovni
bariery
Plazova pobrezni plosina




Komplex plazove ostrovni bariery

Morfologicke prvky:

Washover Backshore

Plazova ostrovni bariéra T NS Beach/

Prilivove kanaly e T /._.f.-;;_;"j o=

Laguna — ’5/;:;;—%; B ik
Vyska dmuti > 3m ‘{? dlé?taél =%, Tida E;;; -&élgl?;,// g
Vysoka produkce karbonatového pisku QES@SZgEELIS - /,
Predispozice topografii podlozi T
Procesy sedimentace: —~tagies_ - ?:23&?{. oy _

Podélné pobrezni proudy (,longshore b s R "

currents™),
Bocni akrece piscitych teles

Progradace bariery (do nadlozi: pribrezni
pisky -> ostrovni bariéra -> sedimenty
laguny (evapority, prilivoveé plosiny))

Facie:

Grainstone se skeletalnimi alochemy
(mlzi, jezovky, korali, foraminifery, rasy),
ooidy, peloidy, mikritizace alochemu
Planarni sikmeé zvrstveni, asymetricke
ceriny,

Peritidalni sedimenty

A




Plazova pobrezni plosina

Morfologicke prvky: o Swale - i rids
v ; S ,Backshore dunes
Hl‘bety dun 0&%‘;;{523?@3 : ' s \Iﬁeach{Fareshore

W =
il e
o

Plaz %’},
Pribrezni plosina (nad bazi o el
normalniho vinéni — cca 10-15m) [WEZIEIRE .
Vyska dmuti < 3m N
Vysoka produkce karbonatoveho pisku

Procesy sedimentace:

Progradace pobrezi (do nadlozi:
subtidalni sedimenty -> pribrezni plosina
-> plaz)

Facie:

Grainstone se skeletalnimi alochemy
(mlzi, jezovky, korali, foraminifery, rasy),
ooidy, peloidy, mikritizace alochemu
Krizove zvrstveni, horizontalni zvrstveni,
planarni sikme zvrstveni, primarni
proudova lineace, asymetricke ceriny,
symetricke ceriny,

Rana cementace

Offshore muds- =




Selfova sedimentace pod bazi normalniho vineni

Nizka hydrodynamicka energie prostredi
Obcasneé bourky

B ey MR | M =
A HUMMOCKY CROSS STRATIFICATION (HCS)

Upward growth of

Procesy sedimentace: hummocks from
= ” ” - ” ” - r q_"l_gl"!
Vertikalni akrece subtidalnich sedimentts, ﬁ’
Facie:
L4 “ e - Low angle — " Sharp base
Vyssi podil mikritu — packstone, wackestone, lime truncations a e 50
mudstone - Low angie. o
v, ” - = ur inae,

Bourkove sedimenty (tempestity): both concave and

convex upward

Ostre bazalni hranice vrstev, normalni gradace, alochemy |rasrrv—e STRATIFICAT
obdobne jako v okolnich nebourkovych sedimentech, HCS [y .
(hibitkovité zvrstveni) ntersectiong <

A/ N L 4

» Proximalni (blize k pobrezi, mene hluboko pod bazi
normalniho vineni):

Vice alochemii, vétsi podil bourkovych vrstev, vyssi Ak

mocnosti bourkovych vrstev, HCS Smmocky) i~ N Ses at L
undulating laminae
between swaley /

- y y V£ 4L L L NV mm V£ V£ V£ y e EFOSIOH Surfaces
» Distalni (dale od pobrezi, hloubeji pod bazi normalniho

vineni):
Vice mikritu, mensi podil bourkovych vrstey, nizsi
mocnosti bourkovych vrstev, bez HCS




Tempestit, normalni gradace, II laminace




Tempestit, HCS,




Piscita telesa okraje selfu

» Morfologicke prvky (Velka Bahamska lavice):
piscite valy (0,5 — 1,5 x 12 — 20km)
duny
prilivove kanaly (sirka 1 — 3 km,
hloubka < 7m)

iy

\ 4

Vysoka produkce karbonatového pisku;
Sedimentace zavisla na '

dmuti,

energii vinéni,

pozici k previadajicim vétriim
» Procesy sedimentace:

Migrace piscitych valii — smérem na platformu (navétrna strana
platformy)

Migrace piscitych valli - smérem do more (zavétrna strana platformy)
Gravitacni resedimentace do hlubokeho more

» Facie:
Oolitove pisky - grainstone s ooidy, peloidy, agregaty, méne
skeletalnimi alochemy (jezovky, korali, foraminifery, rasy), ooidy,
peloidy, mikritizace alochemu

Planarni sikme zvrstveni, asymetricke ceriny, symetricke ceriny,

v




Organicke utesy: (biohermy)

> Rllgldnl topograficka elevace biogenniho ptvodu, rezistentnil VUCi
vineni

» Klasifikace podle morfologie; :
okrajove (fringing)
skvrnove (patch)
barierove
Hlubokovodni kupy: (knoll)
atoly.

Fringing Faro Patch Barrier Atall Table

» Klasifikace podle procest sedimentace:

Skeletalni utesy “Frame-Built® (s pevnoul vapnitou kostrou ze skelett
organlsmu)

Utesové kupy “Reef Mounds" (bez pevné vapnite kostry, pasivni
zachytavani materialu organismy)




A\ (e])\Y2
Maledivy

"

Okrajové utesy

BoraBora, Pacifik




Procesy: ovlivhujici rtst Utesu

» Konstruktivni procesy: rust organismu

» Destruktivni procesy: mechanicky a biogenni
rozpad utesu

» Cementace: ve fazi rane diageneze

» Sedimentace: procesy eroze, transportu a
sedimentace materialu Utesu




Konstruktivnil procesy

Skupiny organismu podilejicich se na stavbeé utesu
Stavitele kostry (frame builders)
Sesticetni korali, rasy, Hydrozoa (recentni)

Sesticetni korali, Rugosa, Tabulata, Stromatoporoidea, rasy
(fosilni)

Povlekaci (encrusters)
Rasy, Serpulida, mechovky, korali

Kontributori
Rasy (Halimeda) e Bullders Accessory Fra,
Ostatni i .
Cyanobaktérie, rasy o

y
< Tabulates ‘
_ Rugosans

Stromatoporoids Bryozoans
Problematica

Crinoids

Brachiopods

Gastropods

Ostracodes
Trilobites

Se ]
Yment Conlﬂb“m




Konstruktivni procesy

Frame-Built Reef Mounds Mud Mounds

g?rais i d Bryozoans Codiacean algae
romatoporoids Phylloid algae Seagrasses Microbial mats

Hed algae Wl
; onges Crinoids
Stromatolites g

Frame—builders

Sediment contributors

Bafflers

Binders

Precipitators




Destruktivni procesy

» Vrtava cinnost: rasy, cynobakterie, Porifera,
mekkysi

» Hrabava cinnost: sesilni' bentos, infauna, u
utesovych kup

» Oskrabovani: Gastropoda, Echinodermata




Sedimentace

Zdroje sedimentu:
Rozrusovani vliastnihe utesu

Rozpad schranek organismu zijicich na
utesu

Prinos materialu zvenci




Procesy sedimentace a facie

Procesy sedimentace:
Progradace utesu na okraji platformy.

Facie Allochthonous Autochthonous
v - ” Original t t s i
» Prevaha destruktivnich procesu na dgjﬁn?“é"d duing ] D e
konstruktivhimi: rozpad utesu >10%graine>2mm
Floatstone, rudstone
Matrix Supported | By By By
o _ , ° supported | by>2mm t &rr?iggts:;i c;:r?iigmms C\Egiigfgﬁﬁd
- Pl‘evaha konStrUktlvn“:h pI‘OCESU I‘Iad i A as baffles encrust a rigid

and bind framework

destruktivnimi
Bafflestone (zachycovani sedimentu,

vétevnati korali, Amphipora)

Bindstone (prevazuje cinnost
povlékacti — encrusters — rasy,
mechovky)

Framestone (prevazuje cinnost
stavitelli kostry — korali, rasy,
stromatoporoidea)




Sedimenty: prilivove-odlivovych plosin
(peritidalni sedimenty)

Prilivove-odlivove plosiny:
Nizky sklon pobrezi

Nizkoenergeticke prostredi' s Land Island Roct or
- =y ” - / L snoal be
dominujicim vliivem dmuti Tidal flat depab:s | : l
g a e d_ "',1_ -
Zonace podie hloubky: T T '“\
SUbtidélni Shelf or platform setting B3 [
Intertidalni =
- sy Barrier island
Supratidalni J
- y = L
Morfologicke prvky T 00 e ot
PIo§iny Han;np‘setiing : B i M T

Kanaly (cca 3m hloubka, az 100m sirka)

Procesy sedimentace:
Progradace prilivovych plosin (do
nadlozi: subtidalni -> intertidalni ->
supratidalni sedimenty)




Facie peritidalnich
sedimentl X

Facie:
Plosiny:

laminace mikrobialniho ptuvodu
(rasove koberce), stridani bindstone,
packstone a grainstone, hojné '
peloidy,

Stromatolity, Tepee textury,
fenestralni textury — dutiny v
sedimentu

Evapority (sadrovec, anhydrit)

Ellc;ﬂgated Ridge and rill Stratiform
ns : structure cryptalgal sheets

A Headlands C Bights D Embayments

Decreasing wave and tidal scour



Facie peritidalnich sedimentt

Facie:
Kanaly prilivovych plosin: .
Rezidua — ,intraformacni P PPN =
- - | N o : = 5 - S
brekcie™ — rudstone s intraklasty 5
Bioturbace — : |
s ar s PR P Tidal : : FZA——=2——=7 Low angle
Piscite V?Iy = planarnl sikme channel ; bq’; 3z, "(f_j jq':“ . ‘swash’
zvrstveni, Beash = -

Intertidal
flats

Beach sands

Stromatolite Beach rock clasts




Hlubokomorska
depozicni
7 prostredi
= Pelagicke prostredi

= Prostredi resedimentace
karbonatu

» Baze svahu platformy

Pelagické
prostredi

Prostredi
resedimentace




Pelagicke prostredi

» Pelagicke karbonaty:

> 959, materialu ze suspenze (spad z vodniho sloupce)

» Karbonatovy material biogenniho ptivodui - planktonni a nektonni
organismy

» Eolicky material (zrnka Q siltovée frakce)

» Kosmogenni material (kosmicky prach)

» Vulkanogennii material (jilove mneraly a zeolity — produkty rozkladu
vulkanickych hornin oceanské ktry)

< 5%, terigenniho materialu
» Prostredi vzniku pelagickych karbonati:
Oceanske panve

potopene karbonatove platformy a aseismické podmorske hrbety
selfy a intrakratonni panve




Faktory limitujici pelagickou
karbonatovou sedimentaci

» Rozpousteni' CaCO; v zavislosti na hloubce (CCD, lysoklina, ACD)
(Obsah CO, ve vode: zavislost na teplote vody, proudeni)

» Produkce CaCO; Vv pripovrchoveé zoné oceant
Klima
Bioticke krize a vymirani

» Hydrodynamicka energie prostredi u dna (proudént)




Pelagicke karbonaty

Procesy sedimentace:
Sedimentace ze suspenze
Oceanske proudeéeni
Gravitacni premisténi pelagickych sedimentii na svazich

Facie:

» Lime mudstone, wackestone, packstone (nizsi vs. vyssi energie prostredi) se
skeletalnimi alochemy: planktonni foraminifery (Globigerinaceae), kokolitky,
pteropodi (recentni), amoniti, belemniti, nekteri mizi (Bositra, Posidonia,
Halobia), radiolarie, kalpionely, Nautiloidea, Dacryoconarida, nekteri krinoidi
(Saccoccoma) (fosilni)

» Nodularni textura (diageneze), hardgroundy (preruseni sedimentace), bioturbace
— Chondrites, Zoophycos

Priklady:
» Pterodpodova bahna (recent)
» Psaci krida (krida), Maiolica (jura — krida), Rosso Ammonitico (jura),







Resedimentované karbonaty

Gravitacni transport a sedimentace: topograficky gradient (napr.
svah platformy)
Procesy sedimentace a facie

Bahnotoky, Glomkotoky
Binghamovskeé plasticke latky, soudrzné

Uvedeni do pohybu: prekonani prahového napétii = pretizeni
svahu, zemeétreseni, likvefakce (zkapalnéni),

Ukladani: zpomaleni toku (snizeni kineticke energie toku)
Facie: ostré spodni a svrchni' hranice vrstev, inverzni g?radace,

Spatné vytridéni, floatstone, rudstone, hOJne intraklasty
Turbiditni proudy Friol A
Newtonovskeé kapaliny, vyssi hustota v disledku nasyceni Shelf marginal reef | vz, | e e
sedimentarnimi casticemi, prevazu1e turbulentni proudéni, Reef debris

Uvedeni do pohybu: zemetreseni, zvireni Casti v dusledku
bourky, prevyseni kritického sklonul svahu
Ukladani: zpomaleni proudu

Facie: ostré spodni a svrchni hranice vrstev, normalni gradace,
Boumova sekvence, grainstone, packstone wackestone, lime

mudstone, cizorodée alochemy
Sesuvy, skluzy
Elastické pevné latky, turbulentni pohyb, laminarni pohyb
Ukladani: zmirnéni sklonu svahu
Facie: zvrasnene a zprohybané vrstv?/ pelagickych karbonatl
a

: mixed benthic

s3]
c
-
o
3]
=
-
=3
o
3
o
c
w
o
o
Q
=
=
=
o
3
=]
=
w

(lime mudstone, wackestone s pelagickou faunou), o . sl beoi
Zrnotoky o
Nesoudrzné, prevyseni prahového sklonu svahu, turbulentni T T o 8
pOhyb " calcareous | corals, and
" il O e o5

Ukladani: zmirnéni sklonu svahu
Facie: inverzni gradace, velmi dobré vytridéni, grainstone







Resedimentovane
karbonaty

Prostredi sedimentace: = ‘hg;,f;gggl_r;ﬁr:
» Podmorsky veéjir i > PEsHfons
Vhitrni véjit (proximalni, tlomkotoky, o i toes
7 . g U . thickening/
hrubozrnne turbidity, sesuvy, skluzy) -y coarsening
\V/ 7 VLY ~ 5 i sequences
Stredni vejir e il
NV =V 7/ V. u /N - V4 V4 - V4 medlum to f'n_er
Vnéjsi vejir (distalni, jemnozinng P s
turb|d|tY) continuous
P d t . d V. = I\ Egasér;‘cjfph‘;a?r:li:elagic
rocesy sedimentace: progradace vejire pelagic/nem

fine turbidites

(do nadlozi: distalni -> proximalni)

upper slope
R ——]
ullies,

shelf ®

lower slope s"‘g?o?fgrs' e shelf margin
debrites, debrites, /NaF v %0 - reefs and
turbidites, : Bye = = sands
creep lobes, E: o i
o slide masses,
pelagites —".---"
/a2

» Svahovy osyp

Svrchni svah (proximalni, Ulomkotoky,
hrubozrnne turbidity, sesuvy, skluzy)

Spodni svah (distalni, jemnozrnné
turbidity)

Procesy sedimentace: progradace osypu
(do nadlozi: distalni -> proximalni)

upper

j base of
basin floor — slope apron- slope — margin

basin floor:x S
-— pelagic and
hemipelagic
L ooze, few
turbidites

BASE OF SLOPE APRON




Sedimentacnil panve

» Oblasti, ve kterych se akumuluje sediment a mtize byt zachovan po
deli ¢asové obdobi

Tvar: kruhovy, podlouhly, linearni, nepravidelny:
Nemusi se jednat o topograficke deprese (aluvialni vejir)

> POSTTEKTONICKE (PREDEPOZICNI) PANVE gAraISke jezero)
> SYNTEKTONICKE (SYNDEPOZICNI) PANVE (Ceska kidova panev)
» PRETEKTONICKE (POSTDEPOZICNI) (Prazska panev)

Subsidence vs. prisun sedimentu
morfologii panve
Rychlost denudace ve zdrojove oblasti:
» Vypocet objemu prinaseneho sedimentu
» Vypocet rychlosti sedimentace
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Fig. 9.13. Drainage area of the Black Sea and location of sediment cores and P drilling si 81) i
deep basin. (Afer Degens ef al. 1978) DSDP dnilling sites (379 to 381) in the




Subsidence: teorie izostaze

Teorie izostaze

elevace povrchu krustalniho (litosférického) bloku je funkci mocnosti bloku a hustoty jednotlivych
vrstev (vodni vrstva, vrstva sedimentu, vrstva klry, vrstva nejsvrchnéjSino plaste)

baze litosféry - teplotni izograda 1350°C

litosféra: vodni vrstva, vrstva sedimentu, vrstva krustaini litosféry, vrstvy plastové litosféry

astenosféra a b

hustota plastove litosféry je vy3$i nez hustota krustalni litosféry SEA WATER - cnrce
SEDIMENT \J DENSITY (g/cnf)

- suma hmotnosti vSech sfér (voda, sediment, krustéini litosféra, plastova litosféra, astenosféra) SEA _ 6P _) ‘_'”_3_,/ -

4)!

13

3.0] (2.8)|
|

nad urgitou referencni linii v plasti je konstantni, avéak mizZe se ménit pomé&r mocnosti sfér LEVEL

Alpwhw) + A(pshs) + A(pche) + A(pmhm) + A(paha) = 0

— suma mocnosti viech sfér véetné atmosféry je konstantni

I
LITHO-
SPHERE

Ahg + Ahy, + Ahg + Ahg + Ahp, + Ah, = 0

NO
. STRENGTH

podminky:

— platnost jen pokud se krustalni blok chova absolutné nezavisle na okolnich blocich 100

— rovnonazné podminky nastévaji s ¢asovym zpozdénim, rychlé zmény vedou k nerovnovaznému xm

stavu a izostaze nefunguje B
MODEL
_ METERS

DATU §
LINE +MANTLE

 ASTHENO- “SURFACE OF
é PHERE CONSTANT
PRESSURE
Fig. 8.7a-d. Principle of isostasy demonstrated by ywo uged in 4
crustal columns (a high plateau; b continental shelf) con-  lithosphg
sisting of layers of different thickness and density on top of  extended
a surface of constant pressure. Values in parenthesis are




Mechanismy subsidence

Mechanismy subsidence
Krustalni ztenceni

ztenCeni litosféry v dusledku extenzni tektoniky, rychlé eroze nebo nataveni litosféry
astenosférou, vzrist teplotni izogrady 1350°C :

Termaélni subsidence

rychlé zahfivani litosféry (plastovy hiib) - hmotnost zUstavé konstantni, narlista objem,
koeficient teplotniho rozpinani o = 3,4 x 10°°P°C, relativni vyzdvih

pozdéji - chladnuti a zvySovani mocnosti plagtové litosféry na Ukor korové litosféry -
izostaticky pokles - termaini subsidence

Zvyseni hustoty kury

zmena teplotné-tlakovych podminek kdry, intruze tavenin s vysokou hustotou do kdry s nizsi
hustotou

Flexuralni prihyb v disledku zatiZeni litosféry
zatizeni
sedimentem nebo vulkanity (pasivni okraje, podmofské hory)
tektonické (nasunuté piikrovy, pfedpolni panve)
subkrustalni (podsunuti hustéjsi (plastové) litosféry)
elasticky model reakce litosféry, pevna rigidni deska, jeji baze je tvorena izotermou 450°C

pevnost v o3hybu

Ehe

E = Younglv modul pruznosti, ¢ = Poisontiv koeficient, h, = mocnost elastické litosféry

pevnost v ohybu D mizZe velmi kolisat, funkci stafi desky a doby zatiZzeni (mlada ocednska
kura je malo rigidni, stara kontinentaini kira je hodné rigidni)

dalsi faktory: nadlehcovani astenosférou, zatizeni vodou a sedimentem




Trermalni subsidence

TEMPERATURE

CONDUCTIVE LATERAL LOSS OF HEAT
HEAT TRANSPORT

SEA LEVEL

i inite-| i 3 : el ing i : hermal ient approximately
Fig. 8.2a-¢c. Finite-length extensional rift basin model. a cooling hthos_p?_:m, geothermal grad 1
Pgor 1o rifting. b Initial subsidence due io isostatic adjust-  reduced to original stale. See text for explanation. (Afier
ment at e ead of short rifting eveat, buildup of high  McKenzie 1978)
geothermal gradient. ¢ Thermal subsidence due to slowly




lexuralni subsidence

INITIAL
SURFACE )

]1 LINEAR LOAD
S (SEDIMENT)

ELASTIC OR TR
VISCO-ELASTIC
LITHOSPHERE

FLEXURAL DOWNWARPING

AIRY-TYFE )
ISOSTATIC COMPENSATION : TIME-
DEPENDENT

SUBSIDENCE

CENTRAL
CIRCULAR —— EFH%LTAIE
LOAD it - LOAD

A

~d - - =" THINNER
et e O i ! ELASTIC OR VISCO-
g J = 5 i ELASTIC LITHOSPERE
INITIAL SURFAGE . > MORE DOWNWARPING,
NARROWER FLEXURAL MOAT

Fig. 8.4a,b. Flexural responsc of lithosphere adjacent to initial subsidence (1) may be followed by further slow sub-
(a) local small or (b) large, wide Linear load, not to scale.  sidence 2) until the load is ultimately compensated by
3 A load on top of relatively young, thin lithosphere crea-  local isostasy (i) Simultaneously, the peripheral buige
tes g deeper, narrower flexural moat than a load on thick,  migrates toward the load. (Partially based on Quinlan and
old lithosphere. b Under & lomg-persisting load, rapid Beaumont 1984).




(@) LOCAL LOADING

Subsidenéni historie panve

subsidenc¢ni kiivky
hloubka subsidence vs. éas

- termainé - tektonicka subsidence, fizena procesy v kUFe a plastoveé litosfére, nezatizena efekty
vypiné panve vodou, sedimentem, zménami hloubky dna a vodni hladiny

— subsidence vyvolana zatizenim vodou

— subsidence vyvolana zatizenim sedimentem

dalsi faktory

— hloubka vody - pomér zatizeni voda - sediment
eroze - odleh&eni

eustatické zmény vodni hladiny - dasové omezené zatiZeni vodou a dalS$im sedimentem
kompakce

»
(0] FLEXUABL LOADING Metody vypoétu subsidence
- Present Doy :(’;EH{MYBP}
EWAGE;!;W&QG % lac 30 00 80 &0

t:lFLEKUFéﬂ-” LOADING £g) UMLOADING CORRECTIONS
Eroded

®o

o N~ Buerofecrone 77 Backstripping (,zpétné odstrojovani, odlupovani*)
DRIVING FORCE ! o // ,///./_,
- ; 1 : i

3 '.- / "

i

vypocet rychlosti sedimentace z chronostratigrafickych dat a mocnosti sedimentu

\ DU TO SEDMENTS korekce na

DEPTH {METERS)

— kompakci (dekompakce)
\-\.‘_: 1 - np
hs1 = ———— .

HHO0|

-

hs; = plvodni mocnost
Ny plvodni primérna porozita

hsp = souasna mocnost
AGE (MYEBP]

20 WO 80 & 40 B

Ngp = soucasnd primérna porozita

] [TV : — paleobatymetrii

— zmény moiské hladiny

3
7, DUE TO TECTONIE 7 i WETER DEPTH
o

DRIVING FORCE o
v g
A

Ed
L~

B celkova termélné - tektonicka subsidence
P Pm P P
T=hg. ~——+WD + — EU
Pm = Pw Pm - Pw

[Blearcy crev]Lare cret [raf eoc jous] we H

hs1 = mocnost sedimentu po dekompakci
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Fig, 8.5. Synthetic, semi-quantitalive example showing
drilled vertical sediment succession and derived, uncorrec-
ted subsidence curve at a given location within a basin.
Purely thermo-tectonic subsidence in an air-filled basin
(Curve A) is magnified by & water load (B, related to pre-
sent sea level) and the Joad of a permanently sediment-

filled basin (C} up to the prescnt sea level. Curve C &
modified by sediment compaction, & reduced sediment loac
(increasing palec-water depth or bathymetry), and eustatic
sea level changes. In addition, erosion can diminish sub
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subsidence
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Lifespan of Sedimentary Accumulation

(million years)

1 000 + Aulacogens
Intracratonic
Continental Platforms
Continental Rises and Terraces™
Dormant Ocean Continental Embankments*
, Successor
Active Ocean 5
Forearc
100 + Oceanic [slands and Intra-Arc
Aseismic Ridges/Plateaus R atann Bumhind
-Oceanic Bi *
el Foreland Intermontane Proto D‘ceanfc Rift Troughs
Bil::-c cean lntracontinental Wrench Terrestrial Rift Valleys
Peripheral Foreland Impactogens
Trench-Slope
10+ piggyback
Trenches Transtensional
Transpressional Transrotational
0
Low Medium High

Post-Sedimentation Preservation Potential

Figure 1.2 Typical life spans
for sedimentary basins versus

their post-sedimentation preser-
vation potential. “Preservation
potential” refers to average
amount of time during which
basins will not be uplifted and
eroded, or be tectonically
destroyed during and following
sedimentation. Sedimentary or
volcanic fill may be preserved as
accretionary complexes during
and after basin destruction (true
of all strata deposited on oceanic
crust). Basins with asterisks
(intraplate continental h’xargins)
are “preserved” in the sefise of

' retaining their basement, but

they are likely to be subcreted
beneath or within suture belts,
and are difficult to recognize in
the ancient record in such
settings.




Figure 1.1 Suggested subsi-

Sub Sidence MeChamsmS dence mechanisms for all types

Dominant  Important of sedimentary basins. See text
for discussion.

Crustal Thinning
Mantle-Lithospheric
Thickening

Sedimentary and
Volcanic Loading
Tectonic Loading
Subcrustal Loading
Asthenospheric Flow
Crustal Densification

Basin Types

Terrestrial Rift Valleys
Proto-Oceanic Rift Troughs

IVERGENI'

Continental Rises and Terraces

2

Continental Embankments
Intracratonic Basins

Continental Platforms

Active Ocean Basins

INTRAPLATE

Oceanic Islands, Aseismic Ridges/Plateaus
Dormant Ocean Basins
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Trench-Slope Basins

Forearc Basins

Intra-arc Basins

Backare Basins

Retroarc Foreland Basins

Remnant Ocean Basins

CONVERGENT

Peripheral Foreland Basins
Piggyback Basins

Foreland Intermontane Basins
Transtensional Basins
Transpressional Basins

Transrotational Basins

RANSFORMJ

I

HYBRID L

Intracontinental Wrench Basins
Aulacogens
Impactogens

Successor Basins
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KONTINENTALNI RIFTING

Geometricka klasifikace rifti

- solitérni rifty

- riftové hvézdy (trojné body)
- riftové fetézce

- shluky riftg

Kinematicka klasifikace rifti

ACTIVE RIFT

L Volcanics= e
— vnitrodeskoveé rifty (vzacné, solitérni)

- rifty na divergentnim rozhrani (hojné, mohou nebo nemusi byt pfedchazeny fazi vyklenuti - I’ o

aktivni vs. pasivni), vychodoafricky rift

- S et SO At P et R,
—  rifty na konzervativnim rozhrani (transtezni panve, pull-apart panve), napf. suezsky zéliv. e B :--f_ﬁ,r_,;\WE-nOsph
— rifty na konvergentnim rozhrani (impaktogény - rynsky prolom), v diisledku extenznich sil L‘f’i"?sﬂ?‘?fﬁ,’ ) B, ‘f__,,-'
vyvolanych kolizi L‘/\:\:ﬁi X M:: _ . =L e
—  rifty na trojnych bodech (rifty vznikajici v diisledku rozkladu napéti na trojnych bodech Py e || e
spojenych se subdukci 3 ‘

.

Dynamicka klasifikace riftd

PASSIVE RIFT

~Sediments

podie sil, které vyvolavaji rifting B R

aktivni rifting - vzestup plagtové hmoty (horké skvrny v plasti), nasledna extenze je vyvolana I

f.,- NAS S
L e

/8
e g
=8 ey
Pt e ¢

termalnim vyklenutim a ztenéenim litosféry

G T e Lty J

= - -
" : : bl AU ) . x 2 [ e ] i T L Ray e Sl
problém: bez nasledné extenze neni aktivni rifting schopen déletrvajici &innosti Lith os-p'he;fe = T 6 4‘[5'- ‘/,ﬂff',;g el yike
o o - . wev s v el s TR e . N | REE e
extenze mlzZe byt vyvolana: stfiznym napetim v plastovém chocholu L JediGa ity PR f\’/ e Asm?ﬂo s e AL !
. - i a , . u v - P . - ) - o A e S el L AR e L AL Ty
nebo okolnimi geometrickymi podminkami, nejcastéji série aktivnich riftd v linii a vhodna ARV Tt Sl e St A e

deskové-tektonicka konfigurace v okolj - vychodoafricky rift - separace kontinents
pasivni rifting - plast v podioZ rifty hraje pasivni roli, rifting je vyvolan dvourozmérnym pohybem
litosféry, bez termainiho vyklenuti

Model subsidence

~
~  kratka faze horizontalniho natahovani - extenze + izostatické vyrovnani
—  prohréati + lateraini vyména tepla - uplift na rameni riftu
- termalni subsidence centra liftu - zvySeni mocnosti plastové litosféry
= flexuraini prihyb v dusledku zatizeni sedimentem

Model sedimentarni vyping

— pure shear - lokalizace spreadingového centra lezi v misté drivéjsinho riftingu (rynsky prolom),
graben

— simple shear (atlanticky typ) - klouzani po intrakrustélni zéne odlepeni (detachment), half grabe,
vulkanicka ¢innost - zavisla na termalnich podminkéch astenosféry

sedimentace na half grabenu .

klasticka sedimentace, fault-bounded, asymetrické vyping, aluvidini kuzely, fluviain systémy, fan delt
marinni systémy - idi Folch wikit




MARINE GULF

FOOTWALL

COASTAL-MARINE

AxtAL DELTA LOBE
{WITH TECTONIC
TRANSGRESSION)

a EN-ECHELON
FAULT

SEA LEVEL

SWAMPS ON
HANGING WALL

THROUGH-
DRAINAGE

PROGRESSIVE ONLAP

INTERIOR DRAINAGE

d ‘ FAULT SCARP
COLLUVIUM

SYNSED-FAULT

PLAYA LAKE,
EVAPORITES

ALLUVIAL
FAN ' ISLAND

FLUVIAL

- EOLIAN
HANGING / DUNES
WALL SLOPE j
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FAN LOBES ! CARBONATE
(FAR-DISTANCE SOURCE, REEF ENVIRONMENT
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AMP

ON OPPOSITE SLOPE) DEBRIS .FLOW

Fig, 12.5a-¢. Simplified facics models of half-graben fill  the boundary fault. e Half-graben morphology in shallow-
under continental (a and d) and coastal/marine conditjons ~ marine carbonate environment may be modiﬁe.d by reef
(b, ¢, and e). Note that the tectonic structure of the basins buildups and abundant reef detritus on both sides. Full
may be more complicated and that more synsedimentary  discussion in text. (After Leeder and Gawthorpe 1987)
faults occur. Lakes and the axial river tend to shift toward




Figure 2.12  Schematic origin and evolution of manile-plume-gene-
ated (riple juncrions, leading 1o doming-rifting-drifiing sequence creating
oceans and avlacogens (from ke and Dewey, F973, Fig, 2, reproduced
with permission). A, Uplifi develops over plume with crestal alkalic vol-
canoes; B. Three rift valieys develop at an vre (rift-rift-nift) junction {v s
Nakuru: see Fig. 2.6A); €. Twe rift anms develop into asingle plate mar-
gin {ridge} and continenial separation ensues, ieaving third rift arm as an
aulacogen, down which a major river may flow arnd at the mouth of
which 2 major delta may develop (e.g., Limpopo: see Fig. 2.2} D, Three
1ift agms develop inio spreading centers meeting at an RRR {ridge-ridge-
tidge) junciion (e.g., Red Sea-Guif of Aden-Wonji fault belt in Ethiopian
rift system: Mohr, 1971; also see Burke and Dewey, 1973, Fig. 3A);

E. Atlantic-type continental margin evolves with growth of delta ai
mouth of aulacogen and continental shelves (e.g., Mississippi: see Fig.
2.2); F. One arm of RRR system begins to close by subduction. If ocean is
sufficiently wide (>1000 km)}, a magmatic arc will develop along its mar-
gin and any sediments in closing arm will be deformed (e.g., Lower

Benue Trough); G Atlantic-typg continental margin with continenial
shebves and avlacogens approaches a subduction zone (e.g., present Sirte
rift approaching the Hellenic subduction zone); M. Continental margin
collides with subduction zone, collisional orogeny ensues, sediment
transpart in the aulacogen reverses polarity, and avlacogen may become
tectonically rejuvenated (e.g., Athapuscaw: Fig. 2.2)
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native models for crustal extension and formation of rift
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the lateral separation of the rift boundary fault from
basins produced by therme-tectonic subsidence after
tinental breakup. (Kusznir ot al. 1987). d Different o
of sedimentary basine developed from cxiension al vai
crustal Jevels. {Blundell ct al. 1989). e S-tjrp'e (hin
extension) and A-type shear causing large cxtension (m
fied from Artyushkow and Bacr 1983)




PASIVNIi OKRAJ

synriftova faze - izostaticka subsidence, half-grabeny, sedimentarni kiiny, vhodné kliima - evapority
(mexicky zaliv, vychodoafricky rift)

diskordance
rana postriftova faze - termalni subsidence, klasticka sedimentace na ramenech dfivéjsiho riftu
pozdni postriftova faze - termalni subsidence plus flexurélni subsidence, velké mocnosti sedimentu -
klastika, karbonaty

model subsidence :

—  pokragovani riftingu, opakovani riftingu

— termalni subsidence

— flexuralni prihyb v disledku zatizeni sedimentem
—  pfiklady subsidenénich kfivek

typy kontinentalnich okrajii a sedimenty

upbuilding - agradace
outbuilding - progradace - posun depocentra smeérem do oceanu

postriftové sedimenty
facie pfibfeznich plosin
pfibfezni facie (pfilivové plosiny, bariérové ostrovy)
Selfové facie (tidaini Selfy, bourkové Selfy, zafiznuta Udoli, kondenzadéni horizonty, ficni delty)
karbonatové systémy (lemové a izolované platformy)
svahoveé facie (skluzy, dlomkotoky, svahovy osyp, podmofiskeé kanony), karbonatové svahy -
osypy, mud mounds
facie Upati (turbidity, podmorské véjife - nejvétsi systémy Amazon, Mississippi, Rhéna, konturity),
karbonatové systémy - osypy, malé véjife, pelagické karbonaty

é

kontinentaini terasy - Blake Plateau
jilové diapiry (mud diapirs)
solna tektonika

citlivé reaguji na zmény morske hladiny




COMTINENTAL TERRAZES 413
FISES WITHIN PASSIE WaAnNS =

Fig. 4.3 Distribution of continental terraces and rises, showing mainly
those that face orthogonally opening ocean basins and that formed dur-
ing breakup of Pangea (from Bally, 1979; Jolivet et al,, 1989; t“JhanncIl.et
al., 1991), Large segments of Cenozoic-Mesozoic (CZ-MZ) active margins
also contain continental terraces and rises, especially in the wesiern
Pacific and in the Mediterranean. A syStem of continental terraces and
rises also occurs in the obliquely opening Gulf of California.
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Fig. 4.2 Diagram showing evolution of a passive continental margin fac-
ing an orthogonally opening ocean basin (from Ingersoll, 1988b, medified
irom Dickinson, 1976a veriical cxaggeration 10x). (Rift-valley stage nov
shown; see Chapters I and 3. )} A) Proto-oceanic stage with syn-rift sedi-
ments overlying modified continental crust, During this stage, thermally
controlled subsidence is beginning and new acean floor has begun o
furm. B) Early post-rift stage when deposition of basal clastic wedge
wecurs as elevated rift shoulders are eroded, C) Formation of mature con-
tinental rerrace and rise as thermally controlled subsidence continues and
increased rigidity causes flexural bending of the unrifted continental crust
and young ogeanic crust. D) Coniinental embankment stage, reached

only where major deltaic progradation occurs (see Chapter 1),
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The equation for obtaining tectonic subsidence from a
sedimentary basin:

TS =« (PP agf P ) L owp
P;‘ow Pa'Pw!‘

S* = the decompacled sediment thickness

p = density

a = aslhenosphere

w = water

ASL = change in sea-level

WD = paleo-waier depth of the sediments

T.5. = tecionic subsidence, or the subsidence of the basin floor
beneath water, without any sediment load. Mo sea-level

correction has been made.

Fig.4.12 Main components of subsidence in a continental terrace,
revealed by backstripping the COST B2 well in the Baltimore Canyon
trough off the coast of New Jersey. Observed sediment thickness is
cumulative stratigraphic thickness measured in the well (data from
Steckler and Waus, 1978a), One subsidence compenent is sediment
compaction, which is the difference between observed and delithified
curves. Delithified thickness curves are produced after removing effects
of compaction. Values are from maximum and minimum estimates of
porosity as a function of depth and lithology {Bond and Kominz, 1984).
Another subsidence component is sediment loading, which is depression
ul the crust by weight of sediment. Magnitude of this component is
given by difference between delithified curves and tectonic subsidence
curves (without paleo-water-depth corrections). Third component is the
tectonic or driving force, which is approximated by tectonic-subsidence
curve. For passive margins, this component is produced by cooling and
increase in density of lithosphere that begins at onset of sea-flaor spread-
iy, Other factors, paleo-water depths and eustatic sea level, must also be
eslimared to accurately isolate tecionic subsidence (see equation below).
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Fig. 8.13. a Total and thermo-tectonic Yurassic to Neogene
subsidence at well C.0.8.T. B-% on 1.5, Atlantic conti-
nental margin, as affected by long-tevm sea level changes,
vaniations in bathymetry (including periods of emergence),
and voleanism (initiation of second cooling cyele). (After
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Greenlee et al. 1985). b Total subsidence determined from:
wells in central and mazginal parts of Paris basin (Cochran
1983b) and general trend of aubsidence in North Sea basin
{curve NN from Beach ef al. 1987; trend CN from Sclater
and Christie 1980). See text for explanation

. Other factors, paleo-water depths and eustatic sea level, must also be
estimared to accurately isolate tectonic subsidence (see equation below).
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Tig. 12.11a-d. Generalized architecture and sediment suc-
cessions of Atlantic-type passive continental margins (end-
members). -

Syn-rift sediments sre predominantly continental, postrift
sediments marine. (Afier Kingston et al. 1983). See text
for explanation




HLUBOKOMORSKE PRIKOPY A PANVE NA JEJICH SVAZICH
modely subsidence
flexuralni subsidence
termalni subsidence

subsidence je &asto nulova v disledku balance mezi zatizenim a subdukci

zdroj sedimentu:

— z magmatického oblouku

— osni transport

—  piinos pelagického materialu z oceanské desky

_ usazovani pelagickych a hemipelagickych sedimentu

pfisun sedimentu
v diisledku depoziénich systému , proximaini vs. distalni, lateraini zmeny
v disledku zachycovéani sedimentu v predobloukové panvi nebo v panvich na svazich trence

rychlost sedimentace vs. rychlost konvergence
akrece a dékolement - zéna odlepeni

piesycené trenée - Siroké, dekolement v zéné sedimentd, akre¢ni klin je budovéan vyhradné
trenCovymi sedimenty

podsycené (hladovéjici) trence - Uzké, dekolement casto ve svrchni zoné oceanské litosféry,
seskrabovani bazaltd

tektonicka eroze - seskrabovani a subdukce sedimentu z akre¢niho klinu

sedimenty:

mélange - idealizovana stratigrafie - ocednsky bazalt, pelagické sedimenty, hemipelagické
sedimenty, turbidity (vyplf trence) .

turbiditni systémy - svahové osypy, axialni kanaly, Spatné vyvinuté, malé podmoiské véjife,
relativné malé podmorské kanony, ,ponding” (utopeni)




ZAOBLOUKOVE PANVE

kontinentalni okraje - extenze vazana na subdukéni systémy (Altiplano v Bolivii)
ostrovni oblouky - extenze se spreadingovym centrem (Andamanske mofe, tyrhénské more)

extenze vyvolana:
vystup astenosféry

injekce plastovym chocholem
ustup desky v tylu subdukeni zény
tok astenosféry - zpétné odtlacovani

modely subsidence
synrift - postrift faze

— izostaticky pokles

— zatizeni sedimentem
— termalni subsidence

opakované faze zaobloukové extenze
aktivni a neaktivni oblouky

sedimentace
oceanska sedimentace

pelagity
vulkanoklastika




ZBYTKOVE A PREDPOLNI PANVE

modely subsidence

zbytkova panev
—  pogateéni hloubka oceanského dna je funkei stafi oceanske litosféry
— termélni subsidence
.— zatizeni sedimentem
_  subsidenéni kfivky jsou v podstaté nesetrojiteiné, subdukce, pohlceni, tektonika

flys,
¢asova polarita sedimentace - zmlazovani smérem k predpoli
b S ro 3 J
ses:lim'entac’e : b ‘“m:'i -m*m-»- kosicud 1
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- _ 5 e Bl o : Fig. 7.26. Geohistory plots f - . .
pozdm faze podsouvanl pros1ma|n|ho paswmho okraje Shi: ©ro 1986? plots for four locations in the Mesozoic Sevier foreland basin of the western United

mélkamorska a terestricka sedimentace (piesyceni), klastika, méné Casto karbonaty - na podsouvané
desce

nahoru zmélcéujici sekvence,

forebulge - eroze




Strike-slip
(transtenzni' a transpresni panve)




