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KARBONATOVE SEDIMENTY
@ sedimenty slozené z mineralu kalcitu, aragonitu / CaCO;/ a dolomitu / Ca,Mg(CO;), /

@ ekonomicky vyznam: vice nez 50% svétovych zasob ropy a plynu, loziska Pb-Zn typu ,Mississippi Valley®,
nerudni surovina (vapno, cement)

@ 7% povrchu souSe: chemicke zvétravani CaCO; — uhlikovy cyklus
@ vhodné chemické slozeni: izotopy C'3 a O'® - paleoklimatologie
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Usazene horniny

SEDIMENTARY ROCKS

Clastic

Non-clastic

Volcaniclastic

Tuffs
Ignimbrites

Terrigenous clastic

Mudrocks
Sandstones

Carbonates

Limestones

\\

Others

Coal
Ironstones

Evaporites

Mineral grains

Different rocks
may include:

Feldspar

Quartz
Mica

Calcite
etc.

Conglomerates

Phosphates
Siliceous deposits

Lithic fragments

Different rocks
may include
pieces of:

Limestone
Mudrock
Volcanic rock
Metamorphic rock
Chert
etc.

Biogenic material

Different rocks
may include:

Shells

Skeletal material
Plant debris
Algae/Bacteria

Bone
etc.

Chemical precipitates

Different rocks
may include:

Carbonates
Chlorides
Sulphates

Silica
etc.




1. Zakladni charakteristika

Biochemogenni sedimenty
Tvorba pevneho materialu ,in situ” (x klastické sedimenty)

Prostredi vzniku:
= Vodni prostredi: morske, sladkovodni
= Sous: pudy (kalkrety)
Mineraly:
= Kalcit /CaCO,/
= aragonit /CaCO,/
= Dolomit /CaMg(CO,)./
Horniny:
= Vapenec: > 50% CaCO; (kalcit, aragonit)
= Dolomit: > 50% CaMg(CO,), (mineral dolomit)
= Travertin, penovec, speleotémy, atd.
Vznik:
= Biomineralizace CaCO, organismy
= Primé chemické srazeni

= Rekrystalizace (kalcit -> dolomit) Cat + 2HCO,” -~ CaCoO, +H,CO,




Karbonatova ekvilibria
na hranici vzduch voda

= CO,(aq) (1)
= H,CO, (2)

H,CO; = H* + HCO; (bikarbonatovy anion) €)
HCO; = H* + CO3? (karbonatovy anion) (4)
Ca?* + CO,% = CaCO4(s) (kalcit) (5)

Rovnovazné konstanty, zavislé nepfimo umerné na teploté: vzrust teploty = posun k leve
strané rovnovahy (rovnice), pokles teploty = posun k pravé strané rovnice

(CO,)
Kco, = ---------- ; pro rovnici (1)
pCO,

Ekvilibrium na hranici vzduch ocean, oceany jsou mirné zasadité (pH = 7,9 — 8,1)




Karbonatova ekuvilibria
na hranici vzduch — voda,
jednotlive chemicke komponenty

CO,(gas) H,0O(gas)
CO, CO,*
H2CO3 OH- Caz+
HCO4 H*

CaCO; (solid)




Karbonatova ekuvilibria
na hranicl vzduch voda

CO,(g) = CO,(aq) (1)
CO,(aq) + H,O = H,CO,4 (2)
H,CO,; = H* + HCO; (bikarbonatovy anion) ®))
HCO, = H* + CO,? (karbonatovy anion) (4)
Ca?* + CO;% = CaCO; (s) (5)

Rovnovazné konstanty, zavislé nepfimo umérne na teplote: vzrust teploty =
posun k leve strané rovnovahy (rovnice), pokles teploty = posun k pravé strane
rovnice

(CO4%) (HY)
K= smemmemmeeeeeeeee- , pro (2)(3)(4)
(CO,)(H0)
(CO,)(H20)
(COZ)=k- e : S




Karbonatova ekuvilibria
na hranici vzduch — voda,
vztah mezi koncentracemi komponent a pH
100 %

0 %




Hloubkova distribuce karbonatovych specii a CO, v oceanech
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FIGURE 15.6. Vertical concentration profiles of (a) bicarbonate and XCO,, (h
() carbonate, and (d) carbon dioxide + carbonic acid concentrations. Curves
r.p have been corrected for the effects of in situ temperature and pressure on
equilibrium speciation. Curves labeled 7.1 have been correcied for the in sitm
temperature effect. but not for that caused by pressure. Source: From C. Cull
and R. M. Pytkowicz, reprinted with permission from Limnofogy and Oceand
vol. 13, p. 414, copyright © 1968 by the American Society of Limnology and_
Oceanography. Seattle. WA




Mineraly karbonatovych hornin:

= rombicky

= biomineralizace, chemické srazeni

= chemicky nestabilni (metastabilni) -> rekrystalizace na kalcit
= lzomorfni pfimési: Sr (stroncianit)

= Klencovy
= chemicky stabilni
= lzomorfni pfimési: Mg (magnezit), Mn, Fe

* >4 mol% MgCO,
« biomineralizace, chemické srazeni
« chemicky malo stabilni -> rekrystalizace na kalcit

* <4 mol% MgCQO,
« Biomineralizace, chemické srazeni
* chemicky stabilni

= Ca,Mg(CO,;),
= rekrystalizace, chemicky stabilni




Biomineralizace

Mineralogy of Skeletal Organisms

Calcite Both
Taxon Aragonite %Mg Aragonite

Mlnerély prOdUKty Calcareous Algae: | (I} 5 191? EID ; SLD 3,5 w ot
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Biomineralizace ve fosilnim zaznamu

P= paleozoikum Chapter 9 Shallow-water carbonate environments
M = mesozoikum
C = kenozoikum =T ] i
A [ I (W
[ P

« Aragonit

«  Vysoko-Mg kalcit
* Nizko-Mg kalcit

.‘ : Aragonite

i s {warm)
A LMC
' { Coo | 1

Gastropods

Trilobites
rachiopods
ryozoans

Echinoids

Corals

o | m
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Forams
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Mostly
calcite
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Low magnesium calcite

High magnesium calcite




2. Hlavni faktory ridici sedimentaci
karbonatu

-

Fyzikalne —chemickeé parametry prostredi (vody)
= [eplota
« Zakaleni
= Salinita

-

Hloubka vody

« Foticka zona

= Kompenzacni hloubka karbonatu (CCD)

« Kolisani hladiny more (sekvencni stratigrafie)

-

Hloubka vody

= Foticka zéna

-

Geotektonickeé prostredi
= Prisun klastického materialu (zakaleni vody)
= Pohyby litosféry v podlozi karbonatu




Klima (teplota) a salinita

Subtropickeé pasmo (30 s. aj. zem. Sirky)
Asociace organismu produkujicich CaCO3

‘ (hermatypni korali, zelené vapnite
rasy), t>15 C, salinita: 32-40%0

(zelené vapnite rasy)
t>15 C, salinita: >40%o0, <52%0

(bentické foraminifery, mekkysi,
mechovky, Cervene rasy)
t:0-32 C, salinita: 25-35%0




Karbonatoveé ,tovarny”

Tropical factory

= precipitation is biotically controlled mostly by autotrophic organisms. Organisms:
corals, green algae, foraminifers and molluscs.

= warm (more than 20°C) and sunlit waters

= high in oxygen

= low in nutrients

= between 30° north and 30° south of the equator

= most widespread today, and is often found fossilised.

Cool-water factory
= Ccooler waters
= higher latitudes than tropical factories

= Precipitation is biotically controlled by heterotrophic organisms, sometimes in
association with photo-autotrophic organisms such as red algae.

= higher amount of nutrients than in tropical factories.

Mud-mound factory
= abiotic precipitation and biotically induced precipitation
= waters high in nutrients and low in oxygen
= known only from the fossil record, especially Paleozoic and Mesozoic.
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Hloubka more

kenozoikum vs. svrchni karbon

Uginna foticka zdna T
Vysoka alkalinita a nizke pH

Phototrophs and mixotrophs
— red algae, green algae

Corals
Sea level

Symbiotic benthic
foraminifera,
seagrass epibionts

(a) Aphotic

Mississippian

Minor carbonate production
by cyanobacteria and molluscs

% i\—/\-f\-/\_z‘\_/\_/\_/\_/\ Sea level

Crinoid banks,
brachiopods, bryozoans
= heterotrophic, suspension

feed
R Microbial
(b) bioherms

! ! ! ! ! |
Figure 9.4 Contrasting locations and contributions made by differg

0 2 4 6 8 10 12 T :
organisms in platform development for (a) late Cenozoic systems and
Growth Rate (mmlyr) Mississippian systems. Predicted depth—productivity profiles on right.




Zakladni procesy depozice v
karbonatovem prostredi

Tidal flat progradation

shallowing e

—up unit

Pl’OgradaCe Reef progradation at shelf :
(prilivove plosiny, | margins T — A
utesy) %%\\%\

, Stage 1 St 2
Vertical accretion of subtidal J SL == SL

Verti ka Iln I ’akrece carbonates FWWB- - - “ R SR
(subtidalni

karbonéty) Migration of carbonate (a)Beach barrier or strand
sand bodies plain progradation on
ramps

Migrace téles

shelf Windward (b)Shoreward migration

Resedimentace margins of marginal sand shoals

Leeward

(c)Offshore migration of

marginal sands F—-—-——-_T_-gjr:’:\

P

Re-sedimentation
processes =TI SL
(a)Offshore storm transport — ——==

Fig. 2.5 The principal depositional : (b)Slides, Siumps, debrls\
rocesses of carbonate sediments eshecially on rames flows, turbidity currents .
iy on shelf margins

After Tucker (1985a).




Kolisani hladiny svetoveho oceanu

Magneto- Standard Chronostratigraphy
chrono-
stratigraphy
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Figure 2.14 Chronostratigraphic chart and inferred eustatic curve for
the Cenozoic (from Haq, Hardenbol & Vail, 1988).
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Figure 2.13 Chronostratigraphic chart and inferred eustatic curve for
the Cretaceous (from Haq, Hardenbol & Vail, 1988).




Catch-up systéemy ,dohaneji* hladinu
Keep-up systémy ,drzi tempo” s hladinou

Keep-up

Rapid creation pomalejSi rust stage

of space
T

Catch-up
stage

=
3
2
O

Start-up
stage

Figure 9.5 Growth curve for carbonate systems (modified from
Schlager, 1992).




Hloubka more 2: ACD, lyzoklina a CCD

rychlost rozpousteni > rychlost
sedimentace kalcitu
rychlost rozpousténi > rychlost sedimentace
aragonitu

rychlost rozpousténi rychle vzrusta
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CCD

Ocean surface

o Calcite-secreting warm water organisms live near surface it Upwelling, cool water |
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CCD - ,snézna cara

Melissa Binde

http://www.mbinde.com/hiking/mountains-0203/pictures/img_0428.jpg




Tektonicky ramec sedimentace

Snizeny prisun klastickeho

materlalu - CARBONATE PLATFORMS
= Velka a mala bahamska lavice

= Velky bariérovy utes @\ \
= Rudé more rimmed shelf ramp

. ’ ’ v idth 10-100k idth 10-100k
Morfologie karbonatovych téles 5 A 33 i
C (Velky bariérovy utes)
. (ZraloCi Z(a:Oi(fa’ Yu;atan) epeiric platform width 10°-10*%m
z platforma s
(Bahamy) T ~
2 (pouze fosilni S = —‘m"‘— = ‘A—
pF‘I’kIady, Muschelkalk, isolated platform width 1-100km

Dinant platform) — -

g (Blake plateau) M/\

drowned platform




Epeiric platform Isolated Shelf
platform
Rim
§’>>,>1_ i
/ 100s-1000s km
/ up to
Land mass 100s km 105-100s km
Basin
Ramps
10-100s km wide
HOD"OC/- Distally
'nay steepened
Basin
T 100s m
2000 m - Ramp
‘Margin'
Figure 9.6 Platform types (see text).

Typy platforem

Water depth <10 m

Water depth 10-100 m

(im m e isolated
platform)

(a)

ARABIAN =
(Homociina ramp)

—pz

SHARK BAY,
W. AUSTRALIA

y (Homoclinal ramp)

(d)
YUCATAN PENIN EXICO
(Distally-steepene drowned shelf)

Figure 9.58 Modern carbonate platforms drawn to the same scale,
showing the areas exposed by relative sea-level falls of 10 m (black),
100 m (stippled), and 200 m (blank). Arrows represent dominant
wind directions. Note that for a relative sea-level fall of 10 m, only
the marginal areas of ramps, but the whole of a flat platform top,

100

km

200

300

(e)
W. FLORIDA SHELF

(Distally—steepenem

will be subaerially exposed. For a 100 m fall, basins with homoclinal
ramps would be drained, while the margins of rimmed shelves and
distally steepened ramps would retain some substrate for lowstand
sediment production (after Burchette & Wright, 1992).
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Floridsky self:
struktura a slozeni
sedimentu
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Rust Velké bahamskeé lavice: progradace
klinoforem v seismickem profilu
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|lzolovane platformy: Dolomity, trias

g Ladinian 'Reefs’ and slopes
Basinal limestones and cherts
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= pfilehla k pevniné

= povrch mirne svazity do oceanu (sklon < 2°)

« bez vyrazné hrany
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Zapadni Yucatan: distally-steepened ramp
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Rampy v geologickém zaznamu

SW NE
South Dyfed E. Gower/S. Vale N. Vale of Merthyr
of Glamorgan Glamorgan Area
S
©
S
3| <
T - i ol -
8 =, Waulsortian e  oca
#g% mounes St 100 m
SRR SR F
< AR '
= AR 10 km
% g =. :-:- -----
&= e —— Peritidal limestones
S |__ m—
g S w1 Shoreline carbonate sandbodies
S = -] (mainly oolitic)
o T .
b7 A | Mid and outer ramp
< Tectonic bioclastic limestones
‘hinge’
? - Terrigenous mudstones Figure 9.19 Early Carboniferous ramp stack,
south Wales (after Burchette, Wright &
----- Karst/Palaeosol Faulkner, 1990).




Rampa -2 lemovy Self

RAMP TO RIM

GROWTH POTENTIAL MATCHES OF EXCEEDS
RELATIVE SEA LEVEL RISE

SUBTIDAL MARGIN, MAJOR
SOURCE OF CARBOMNATES ON
PROGRADING FLANK,

FOLLOWING RISE. CARBONATES QUICKLY FILL TO SEA LEVEL TEM-
PORAL FLUCTUATIONS IN CARBONATE PRODUCTION, RELATED TO
HIGH FREQUENCY SEA LEVEL RISES, PRODUCE SHOALING CYCLES

ISOLATED DEPRESSION FILLED |
BY SEA. EVAPORATES FASTER |
THAMN IT FILLS, FOAMING

E‘H'i.FﬂFH'I'E PAM. |

OVERETEEPENING OF EHELF
MARGIN CAUSES CARBOMNATE
TURBIDITE FANS,

MARINE CEMENTATION IN-
CREASES AE MARQIN
STEEPENS.

SUPRATIDAL EVAPORITES AMD
DCCASIOMAL THIN BEDDED
DOLOMITES. AEOLIAN
CLASTICS ON ATTACHED

SHELVES




Potopena platforma

Figure 9.20 Drowning histories of Lower—
Middle Jurassic platforms of southern Spain.
(a) Deposition of large tidally influenced
oolitic sandwaves. (b) Rifting resulted in
uplift, exposure and karstification, especially
along footwall highs. Vadose cements and
speleothems formed in fractures and cave
systems. (c) No direct evidence of the incipient
drowning phase has been noted, perhaps
reflecting the loss of sediment by offbank
transport. (d) The karsted surface is veneered
by an iron-manganese hardground, overlain
by red, nodular pelagic limestones
(Ammonitico Rosso facies, based on data in
Vera, Ruiz-Ortiz et al., 1988 and authors’
observations). Apparently not all drowning
surfaces were subaerially exposed (Winterer &
Sarti, 1994).

Red, nodular
pelagic
limestones with
ammaonites
{Ammonitico
Rosso)

Iron and
manganese
Ccrust

Dikes filled — [ £

with pelagic
limestones and
speleothems

Large-scale
{8 m high)
foresets in
oolitic
grainstones

Sea level

Sea level

{d) st

Sediment swept off highs?
//// - /

Footwall uplift

.5"\“9 i)
e /

{b) Several kms

Sea leve!

Tidally-dominated oolite shoals on platform top

—_—

{a)




Potopeni
platformy

The sediment surface leaves the
realm of shallow-water carbonate
sedimentation altogether and
becomes submerged below the
euphotic zone (right figure). The
onset of drowning is expressed
by a change from shallow-water
faunas to deeper-water
communities in reefs and on
lagoonal floors. Buildups truly
abandoned by a rising sea are
commonly capped by a
submarine hardground and
enveloped by a shale cap or
deepwater limestone. An
example of a drowned ramp
reservoir is the Devonian
Onadaga of New York.

RIMMED MARGIN
(RAMPS ARE SIMILAR)

PELAGIC BASINAL

SHALES ENVELOPING

PREVIOUS BUILOUPS

AND MARGIN. MARGIN INITIALLY RETREATS BUT LATER PROGRADES
WHEN CARBONATE PRODUCTION EXCEEDS SEA LEVEL

SUBMARINE HARDGROUNDS
FORMED DURIMG RAPID RISE.

PLATFOAM SEDIMENTATION TERMIMATED. HARD:
GROUNDS FORMED DUE TO LOW RATES OF SEDIMENT
ACCUMULATION.

SEA LEVEL RISING — CUMULATIVE
SEDIMENT THICKNESS




3.

Klastické sedimenty Karbonaty

1. petrografie:

« Zachovani schranek z
CaCQO3 (paleoekologie,

1. sedimentarni textury
(interpretace

hydrodynamickych tafonomie)

pOdmvme,k -> depozicnl = Vznik materialu v misté

prostredi) sedimentace — depoziéni
prostredi

: : 2. sedimentarni textury
2. petrografie: provenience, (hydrodynamické podminky
e méné dulezité)




Petrografie (metodika):

Opticky (polarizacni) mikroskop pro pozorovani
v prochazejicim svetle: (vybrusy, acetatove
otisky)

Binokularni lupa (nabrusy)

CL mikroskop (vybrusy)

SEM (leptané povrchy, povrchy na ¢erstvém
lomu)




Komponenty karbonatovych hornin
v mikroskopickém meritku




(,zakladni hmota*)

« zrna < 4 mikrony (usazovani v malo turbulentnim prostredi)
« Mikrosparit (4 — 15 mikronu)
« ruzny puvod
= Bioeroze
= Mechanicky rozpad karbonatovych zrn
= Rozpad vapnitych ras

= Chemicke a biochemickée srazeni (s
- Mechanical disaggregation  /~ =/
(m|kr|t|zace) of carbonate grains Formation ,:I.-"I.

N | ) L I
Bioerosion —— /. Disaggregation
2 4 -.-"-. __./ -
? F< - Into solution
> ) e
Chemical/ , Lime Mud c
biochemical ==~ <62um o

~ 1~ on lagoon floor—/
n )

sk - ansported
precipitation

offshore in
LS ] /  suspension

.._\I

y W\ Deposition on
/ Disaggregation | Erpsion of <y
of calcareous | =




« Ciry kalcit (aragonit)
« Diageneticky puvod
= Cementace (vypln pord — kalcit, aragonit)
= Rekrystalizace (reorientace krystalovych
mfizek mineralu — kalcit) ‘
= Nahrazovani (krystalizace novych minerall. * ;

/kalcit/ na misté pavodnich /aragonit,
vysoko Mg kalcit, chalcedon, evapority/)




Pisoid Peloid

(>2mm) (<1 mm)

Oncoid Intraclasts
(>2 mm)




Neskeletalni alochemy

«  Kortex

« radialni nebo
koncentricka struktura

« laminy (prubézné po
celém obvodu

« zpravidla < 2 mm

* turbuletni prostredi

«  Kortex
Laminarni struktura

Laminy neprubézné
Zpravidla >2 mm

e 0%




Neskeletalni alochemy

Nemaji vnitrni strukturu (tvoreny
mikritem)

pravidelny nebo nepravidelny
tvar

Ruzny puvod (mikritizace
alochemu, fekalni pelety,
cyanobakterialni puvod)

Zpravidla < 2 mm

L]

)

Intrabazinalni klasty (ulomky
hornin ze stejné sedimentacni
panve)

Vnitrni struktura se lisi od struktury
okoli

Jasné vymezené hranice vuci
okolni horniné

Nepravidelny tvar
Ruzna ¥e|ikost -




Skeletalni alochemy

Mineralogy of Skeletal Organisms

oINS Y Calcite | Both
Aragonite %Mg Aragonite

2 1015 2'3 3035 | & Calcite
 Calcareous Algae:
Red

Coccoliths

Coaienteratea

Stromatoporoids
Mille oroids

Tal:-ula;e_
Scleractinian
Alcyonanan
Bryozoans:
Brachlopods:
Molluscs:
Chitons
Bivalves
Gastropods

Pteropods

Cephalopods
Belemnoids & Aptychi

Dstracndes al
 Barnacles
Trilobites

Echinoderms:

® Common R Rare




Skeletalni alochemy

« Dasycladaceae « Corallinaceae
(aragonit) (vysoko-Mg kalcit)



Skeletalni alochemy

(nizko-Mg kalcit)

Helocene plankton
Belize (British Honduras) i

A coccosphere of Emiliania buxleyi,
Coccospheres are the original, un-
disaggregated hellow spheres formed
by interlocking coccolith plates.
They are found cccasionally in un-
disturbed chalk sediments, although

most tend to fall apart inte con-
stituent plates.

SEM Mag. 10,000X 1.3 um




Skeletalni alochemy

« Globorotalia
(nizko-Mg kalcit)

Helocene coze, 1000 meter depth,
Coral Sea, Pacitic Ocean

A modem pelogic ooze filled with
Globorotalia. Globorotalids  and
globigerinids have spherical cham-
bers, radially porous wall structures
and commenly very thick walls. They
are an extremely important compo-

nent of the planktonic assemblage
in Late Cretaceous and Tertiary
deeper water sediments.




keletalni alochemy

Foraminifera
*  Fusulinida

(nizko — vysoko
Mg kalcit)

Foraminifera

(nizko — vysoko
Mg kalcit)




Skeletalni alochemy

. * Favosites
(nizko — vysoko Mg kalcit) (vysoko Mg kalcit ?)




Skeletalni alochemy

Korali (Anthozoa)

« Syringopora (kolonie) * Fenestratni mechovka
(vysoko Mg kalcit ?), (nizko - vysoko Mg kalcit)

aragonit -> (recentni korali
— Scleractinia)




Skeletalni alochemy

« Terebratulida (aragonit, nizko - vysoko Mg kalcit)
(nizko - vysoko Mg kalcit)




Skeletalni alochemy

(aragonit, nizko - vysoko Mg (aragonit)
kalcit)



Skeletalni alochemy

(nizko Mg kalcit) (nizko — vysoko Mg kalcit)




Skeletalni alochemy

*



Sedimentarni struktury
(analogicke klastickym sedimentum)

Kalcilutit (karbonat pelitické frakce)
Kalciarenit (karbonat psamitické frakce)
Kalcirudit (karbonat psefitické frakce)

Mira podobnosti velikosti zrn ve vzorku horniny

Reciproka hodnota standardni odchylky souboru dat velikosti zrn, S, =
Q,/Q, %%

Kde S, = tfidéni, Q4 = tfeti kvartil (75% nejmensSich zrn), Q, = prvni kvartil
(25% nejmensich zrn)

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

Sféricita — jak moc se zrna tvaroveé blizi kouli

Zaobleni — mira zakriveni hran zrna —> vice = angularni, méné = zaobleny
Vizualni odhad




Sedimentarni struktury
velikost zrna (zrnitost)

Castice mechanicky unasené kapalinami— sedimentarni éastice:
Kfemen, Zivce, kalcit, aragonit, jilové mineraly: (r = 2650 kg/m3) — nejCastéjsi
Dalsi: slidy, amfibol, pyroxeny, olivin

Wenworthova zrnitostni klasifikace

® =-log2d ; d = primér zrna v mm

kontrolovana

«  velikosti klasti generovanych béhem zvétravani ve zdrojové oblasti
+ unaSeci, abrazni a tfidici schopnosti transportniho média

TABLE 12._2 0 F‘T*'rf'i‘s“'?h‘!

. e -uhu.'u“

Wentworth Scale Grain Size Names Group § Rock Names Texture

SRR
b I Boulders
alvany
valou 1)) o Gravel Conglomerate, Epiclastic ruditic
» breccia
zrnka i T N —,
c - 2 mm
velmi hrubozrnny Very coarse sand
~ |
hrubozrnny i Coars stia
pisek stredné zrnity /2 mm T b Epiclastic arenitk
jemnozrnny 14 mm . Gl
.. , Fine san e
velmi jemnozrnny . e
: . d
prach (silt) _— b e
j " Silt Siltstone, shale,

17256 mm 5 = mudstone, Epiclastc lutitic
” Clay claystone

Sourcer: Modified from C. K. Wentworth (19221 Krumbein {1934), McManus {1963)




Sedimentarni struktury _
vytrideni

Vytridéni: Mira podobnosti
velikosti zrn ve vzorku horniny

Percentage

« Kvalitativni odhad

« Reciproka hodnota standardni
odchylky souboru dat velikosti
zrn, Sy = Q4/Q, %%

Kde S, = tfidéni, Q; = treti
kvartil (75% nejmensich zrn),
Q, = prvni kvartil (25%
nejmensich zrn)

Stfedni velikost zrn

Gaussovy krivky, kumulativni
kFivky

Kontrolovano

« vytfidénim klastu
generovanych behem _
zvetravani ve zdrojove oblasti

« abrazni a tridici schopnosti
transportniho média (vitr,
voda, led)

Percentage

Percentage
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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, 1984¢; afier O W,
Lewis, 1984, and Compton, 1962 )




Sedimentarni struktury
tvar zrna

«  Tvar zrna
Tvar €astic urceny :
= Krystalizaci z magmatu nebo vodného roztoku (tvar
krystalu, tabulkovy, sloupcovity, apod.)

= Vulkanogenni ¢innosti (pyroklastika — lapilli, prach,
popel, pisek, velmi nepravidelny)

= Zveétravanim hornin (nepravidelny tvar — zaobleni, Figure 12.17

koule, trojosy elipsoid) Shapes of sedimentary grains: (a) equant, (b) rod-shaped
= Organickou aktivitou (schranky, ooidy, klaciky, (¢} tabular.

apod. — koule, valec, destiCkovity tvar) Source. From Rigmond. 1984€)

Forma - (celkovy tvar) —
izomorfni, tabulkovity, tyCovity

Sféricita — jak moc se zrna
tvarové blizi kouli High spharicity

Zaobleni — mira zakriveni hran
zrna —> vice = angularni, méné
= zaobleny Low sphericity
Vizualni odhad

Povrchova mikrostruktura : - - e |
=0 9 0s Very angular  Angular LD Rounded

ot

angular ropnced ke




Porozita (V. / V . X 100%)

poru horniny + poru

* Intergranularni

8 I ntrag ranu Ié rn |' Fabric-selective Non-fabric-selective
* Fenestralni - ""

«  Meazi krystaly '

A

« Moldicka I
Interparticle .

«  Puklinova

«  Kavernozni

«  Brekciova
* Ve vyhrabech
* Ve vrtbach

Intercrystal Burrow

Permeabilita

= Mira toho, jak rychle muze
horninou protékat kapalina

= Zavisi na porozite, velikosti
poru a propojeni poru

Mouldic 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 karbonatovych hornin

Kritéria:

(hydrodynamicke prostredi sedimentace)

(pomér mikritu a zrn, tvar zrn — sféricka zrna podpurna kostra pfi
60%, vétevnata zrna (koraly) podpurna kostra pfi 20%)

(neni prilis zohlednovana, relevantni pouze v pripadé transportu
alochemu)

(prostredi vzniku sedimentu)




« Sparit / mikrit

= Klasifikace alochemu
(+/- prostredi
sedimentace)

(Folk, J.R. 1959)

1 2
Sparry allochemical Micritic allochemical
limestones limestones

Sparry

caleite
Intraclasts

Intramicrite

Bioclasts

Peloids

Micritic .
limestone Dismicrite




Folkova klasifikace (Folk, J.R. 1959)

=« Sparit / mikrit

= Podpurna struktura (hydrodynamické podminky)
= Klasifikace alochemu (+/- prostredi sedimentace)
« Trideni (hydrodynamické podminky)

Over 2/3 lime mud matrix Subegual Over 2/3 spar cement
Percent | 8¢, 10-50% Over 50% [.‘H'_‘]'JE!I' I'I'a'ling S{It’tiﬂg Sﬁrtiﬂg Hﬂa"dnﬂdd'Ed
allochems : 2 = - - ime u poor QC‘DU abraded

Fossili— - v Poorly
ey oparse Packed
ferous opars : washed

biomicrite biomicrite j :
micrite ' kg biosparite

Unsorted Sorted Rounded
biosparite | biosparite | biosparite

_-."- g
S S

ﬂ*"’

Y o

‘,./_?*

o] Sparry calcite cement

N I~ A~




(Dunham, 1962)

Sparit / mikrit
Podpurna struktura (hydrodynamické podminky)
Prehlednost

Depositional texture recognizable

Original

components

were bound
1 together

Original components not bound

together during deposition
Contains mud . Lacks mud
{clay and fine silt—size carbonate) and is grain
supported

Mud-supported supported

Less than Iﬁ.-"!ore than
10% grains |10% grains

|
Grainstone | Boundstone

o reg T

Depnsﬁtic«nal
texture not
recognizable

Crystalline




Rozsirena Dunhamova klasifikace (Embry a
Klovan, 1974)

Sparit / mikrit
Podpurna struktura (hydrodynamické podminky)
Velikost zrn

Procesy sedimentace (bafflestone az framestone)
Prehledna

1 Allochthonous Autochthonous

Qrigina! componenis not
organicaily bound during

Criginal components organically
pound duting deposition

Depositional depaosition il 7
Depositional texture recognizable t
p g oy texture not | ~10%grains>2mm
Original recognizable |
Original components not bound components
together during deposition wers bound
1= = 1 h
Contains mud ; Lacks mud regane: Matrix Supported By By By
(clay and fine silt-size carbonate) and is grain supported by =2mm organisms organisms organisms
Mud-supported Grain- supported component | which act | which which build
e supported as batfles | encrust a rigid
Less than More than and bind framework
10% grains |10% grains
|
= " S - H— —
Floatstone | Rudstone |Bafflestone | Bindstone |Framestone
Mudstone |Wackestone Packstone | Grainstone | Boundstone | Crystalline L ——
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lime mudstone (Dunham)
fossiliferous micrite (Folk)
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lime mudstone (Dunham)
fossiliferous micrite (Folk)




wackestone (Dunham)
(sparse) biomicrite (Folk)




packstone (Dunham)

ite (Folk)

packed biopelmicr
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crystalline (dolomite) (Dunham)



(Fligel
1972, Wilson 1975)

* Mikrofacie (24 standardnich mikrofacii):
kvalitativni soubor znaku horniny
pozorovatelnych ve vybruse:

= klasifikace horniny (zpravidla Dunhamova klasifkace)

= popis sedimentarnich struktur (velikost a tvar zrna,
vytrideni, porozita, atd.)

= popis mikrotextur (laminace, gradace)

= klasifikace alochemu (ekologické skupiny skeletalnich
alochemu,neskeletalni alochemy, atd)

= Mikrofacie: kvalitativni soubor znaku

* Facialni pasma (9 standardnich pasem) -
Interpretace prostredi sedimentace




Environmentalni vyznam
neskeletalnich klastu a textur

SKELETAL GRAINS
MOST AQUEQUS ENVIRONMENTS

(f’b@ PISOLITES & ONCOIDS

w TIDAL FLAT

PELLETS
SHALLOW PROTECTED INTRACLASTS

WATERS Gﬁ)

&

GRAPESTONES ALGAL

SHALLOW WATERS WITH
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Standardni mikrofacie - priklady

« SMF 3

= lime mudstone a wackestone s mikritickou matrix s
pelagickou mikrofaunou (napr. radiolarie, globigeriny)
nebo makrofaunou (graptoliti, fragmenty
tenkosténnych mlzu)

= Panevni, hlubokomorske prostredi s pomalou
sedimentaci

« SMF 15
= Grainstone s dobre vytfidnymi ooidy a Sikmym
zvrstvenim

= Vysokoenergeticke prostredi oolitickych pisCin na
okraji Selfu, plaze a valy na prilivovych plosinach




Pouziti mikrofacii: mapovani paleoprostredi

Collenella Tubiphytes-
boundsione spon
boundsione

Phylioid algal
boundsione

Archaeolithoporelia
nodular

boundstone
Foreslope

(Grainstone-
packstone
facies

Degamaicagadiond niadagesdanioionwthinteuge Gatan
reef. Dashed line in center is an approximate time line. Adapted from
J. Babcock (1977).




Pouziti mikrofacii: mapovani paleoprostredi

Standard Guadalupian Facies Spectrum

Redbeds & sabkha Pisolitic & — _
or salina evaporites - grainstones I:l I:l Basin

Lagoonal Back-reef I:I Fotaras (A EE—

mudstanas grainstones Ca 1km

Shelf-to-basin spectrum of microfacies and interpreted depositional environments for
Capitan and Capitan-equivalent strata of the Guadalupe Mountains. Vertical axis is
approximately 0.5 km; horizontal axis is roughly 35 km.
© Peter A. Scholle, 1999
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Stratigraficky vyznam
mikrofacii:
identifikace cyklu, trendu a
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Devuyst, F-X (2006) The Tournaisian-Viséan boundary in
Eurasia. Unpublished PhD Thesis, Catholieke Univ. Lovain




Devuyst, F-X (2006) The Tournaisian-Viséan boundary in
Eurasia. Unpublished PhD Thesis, Catholieke Univ. Lovain

MF 12 (Fig. 2.17a): very coarse-grained, unsorted, bioclastic / lithoclastic /
algal P-Pg. Non-skeletal grains are abundant with: commonly micritized
lithoclasts of various microfacies, micritized to well preserved ooids of
various sizes but commonly large to very large (diameter up to Zmm),
ageregate grains, infraclasts (Suite 3 microfacies) and micritized allochems
of all sizes. Lithoclasts are most commonly too micritized to identify the
microfacies, buft in bed 390 algal-coated lithoclasts of MF 14 with small

irre gula.t cavities are common. A]ga-e are a commeon to dominant compon ent
of the microfacies as bioclasts (including stachein and sclenoporacean red

algae,. dasvcladacean algae, filamentous algae, other indeterminate green
algae) or coating. Other dominant bioclasts are pelmatozoans, brachiopods,
moravamminids  (including type 3), molluscs, commonly very large
plurilocular foraminifers, and occasionally rugose corals and ostracods.
Most allochems are heavily altered: fragmented, eroded, with destructive-
and microbial-algal micrite envelopes (sometimes very thick, up to more
than 1lmm). Zones with dissclution of the fabric and replacement by coarse

white microspar are presemnt.




Devuyst, F-X (2006) The Tournaisian-Viséan boundary in
Eurasia. Unpublished PhD Thesis, Catholieke Univ. Lovain

MF 2 (Fig. 2.13b): this microfacies is similar to MF 1 but differs from it by
more abundant and more diverse bioclasts (very small bioclasts: 20-30%;
larger bioclasts: up to 25%), a more peloidal mud matrix, the presence of
small (<lmm to a few mm) irregular cavities, small peloids and rare
intraclasts (maximum 10%, 0.3 to 3mm) and less common clay seams. As a
result of the more abundant bioclasts, the texture is W-Wp. The small
cavities are filled with sparry calcite and fluffy geopetal mud commonly
occurs. The roof of the cavities 15 usually more irregular than the base and
hanging bioclasts are present locally. The intraclasts are subrounded and

commeonly have a thin dark margin In addition to the bioclasts already

dominant in MF 1, brachiopods, sponge spicules, ftrilobites and
moravamminids (larger than in MF 1) can be ranked above 4. Other bioclasts
are similar to those of MF 1 as well, with in addition rare stick bryozoans,
rare Globochacte and rare tabulate corals. MF 2 corresponds to part of
MF10a /11 of Noé&l (1978).
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soubor charakteristickych znakl sedimentu:
= Vvrstevni poméry (mocnost a tvar vrstev)

= hydrodynamické sedimentarni textury (zvrstveni, textury na vrstevnich
plochach)

« Paleontologicky obsah a tafonomie sedimentu
« Struktura horniny (zrnitost, vytrideni, porozita, atd.)







Geograficky ramec sedimentace urc€itého souboru facii:
o reliéf
 hloubka more
 procesy transportu
« Hydrodynamické podminky sedimentace

Interpretace ze souboru facii
Vertikalni zmény facii odrazi zmény depozicniho prostredi v Case
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- Melkomorska
depozicni
7 prostredi

= Pobrezni a pribrezni
prostredi

= Prostredi okraje selfu

= Prostredi prilivove-
odlivovych plosin
(peritidalni)

= Organické utesy

Pobrezni a
pribfezni
prostredi

Organicky utes,
okraj Selfu




Stredni az vysoka energie vinéni
Zpravidla karbonatové rampy

Komplex plazové ostrovni bariéry
Plazova pobrezni plosina




Komplex plazove ostrovni bariery
(Rhode Island)

www.erdc.usace.army.mil/pls/erdcpub/




Komplex plazove ostrovni bariery

Morfologické prvky:
= Plazova ostrovni bariéra
= Prilivové kanély Washover Backshore
ﬁfan dunes
= Laguna

Py 1\ - Beach/
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Vyska dmuti > 3m o o / - > W
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Ostrovni
bariéra

http://strata.geol.sc.edu/MARINESE}DIMENTS/BarrierIsIands/BarrierIntro.htm
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Procesy sedimentace a facie

Podélné pobiezni proudy Facie:

(-, longshore currents®), Grainstone se

Bocni akrece piscitych téles skeletalnimi alochemy
Progradace bariéry (do nadlozi: (mlzi, jezovky, korali,
pribfezni pisky -> ostrovni bariéra - foraminifery, rasy), ooidy,
> sedimenty laguny (evapority, peloidy, mikritizace
prilivové plosiny)) alochemu

Planarni Sikmé zvrstveni,
asymetrické cefriny,
Peritidalni sedimenty

d
<

p




General Environmental Setting:
Ifanne shoreface - beach

Rock Descrption:

Parallel bedded-1ippled sandstone. Note horizontal burrow near bottom (probably Paleophyciis)

Deposittional Environment Represented:
TTeper shoreface/beach
Other enviromments where rock type is typically found:

Faleophycus burrows only found in marine enwironments. Manne shoals, washowers, tidal deltas.

General Envirommental Setting:
Mlarine shoreface - beach

Rock Descuption:

Cross-bedded sandstone
Depositional Environment Represented:
TTpper shoreface or distributary channel

Other envirowments where rock tvpe is typically found:

Moderate to high current velocity areas such as marine shoals, flwnal and tidal peint bars, channel bottoms, distributary mouth bars, tidal imlets, tidal deltas and shelf sand

ridges.




Stratigrafie modernich
teles barierovych
ostrovu

Washover Backshore

fan dunes
e '~ Beach/

Foreshore

[ Dk “iBarriery
= § ies Lot .
i a_c_lg - beach _-:_.' ;
“L7] gandg i T

REGRESSIVE
BARRIER MODEL

BARRIER-INLET
MODEL

Spit beach

544 Dunz

Spit platform

TRANSGRESSIVE
BARRIER MODEL

Backshore

Subaqueous
lagoon

Fig. 4.16 I'acies models for regressive, barrier inlet and transgressive barrier island sequences. After Reinson (1984).




Morfologické prvky:
= Hibety dun oi‘i%'e{é‘igﬁs
= Plaz
= Pribrezni plosina (nad bazi

normalniho vinéni — cca 10-15m)

Vyska dmuti < 3m

Vysoka produkce karbonatového 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
= Krizové zvrstveni, horizontalni zvrstveni,
planarni Ssikmé zvrstveni, primarni proudova
lineace, asymetrické €eriny, symetrické
cefiny,
= Rana cementace

Swale
/ _ ,Beach ridge
,Backshore dunes
i \I_?_geach(FOreshore
F
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Nizka hydrodynamicka energie prostredi
Obcasné

Procesy sedimentace:
Vertikalni akrece subtidalnich sedimentu,

STORM SURGE EBB

. Storm surge tide briefly
Storm winds stores sediment-laden
waters in lagoon and
shoreface/foreshore

““Mean sea level

As storm abates,storm surge
HCS sands: ebb currents flow seawards
Storm wave base (SWB) (7 Sl auaE

Density
=== Storm beds/ current and currents

"tempestites”

Fig. 4.8 Model for development of HCS sands and storm beds. After Elliott (1986), based on a variety of sources.
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This is a satellite image of Tropical Storm Noel moving near
the eastern tip of Cuba, on Thursday, Nov. 1, 2007. Source:
NOAA via Bloomberg News

http://www.bloomberg.com/apps/news?pid=20601087&sid=a rains caused by tropical storm Noel, in Leogan, southern
GML7eZjllmO&refer=home Haiti, Monday, Oct. 29, 2007. (AP Photo/Ariana Cubillos)




Hurikan Chris, 2006
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Vyssi podil mikritu — packstone, wackestone, lime mudstone

):
Ostré bazalni hranice vrstev, normalni gradace, alochemy obdobné jako v okolnich nebourkovych
sedimentech, HCS (hrbitkovité zvrstveni)

(blize k pobrezi, méné hluboko pod bazi normalniho vinéni):
Vice alochemu, vétsi podil bourkovych vrstev, vy§s§i mocnosti bourkovych vrstev, HCS

(dale od pobfrezi, hloubéji pod bazi normalniho vinéni):
Vice mikritu, mensi podil bouikovych vrstev, niz§i mocr NS UIRIVELY ST TTF’IE?EFICATION (HCS)

Upward growth of
hummocks from
parallel laminati

Possible continuum and causal factors

. Séomnd
Amalga Micro— bedsa S e
-mated Normal FXMb hulmmocky lgradi(tegs hﬁrﬂgﬂg% ;;q;:‘\ . \:;;*’JJ Sharp base
nses lamin 2atic nd SN ) .
H types HFXMb  types ens ~ terminations B ~ Directional
BESE Low angle sole marks
curved laminae,
both concave and
convex upward

.'\C.. G 3 _‘.-’". P

ey

—

B SWALEY CROSS STRATIFICATION (SCS)

Low angle
curved lamina .
intersections _—

1 _-_‘."

More sand Less sand

Shallower Deeper
Larger waves -—afm== === Weaker effects

More frequent Less frequent
More proximal More distal Relatively few
convex—up L

(hummaocky) laminae A
| | ) - . ’ =y, Sub=parall
Fig. 4.10 The spectrum of storm deposits. After Dott & undula tinpg Jamfii!;ae

Bourgeois (1952). between swaley
erosion surfaces




, hormalni gradace, Il laminace
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HCS in the Ferron Sandstone, Gentile \Wash, Utah.f
http://course1.winona.edu/csummal/FieldTrips/SedimentaryStructures/cross%20strat/newpage2.htm




Morfologické prvky (Velka Bahamska lavice):
= piscCité valy (0,5 —-1,5x 12 — 20km)
= duny
= prilivové kanaly (Sirka 1 — 3 km,
hloubka < 7m)

Vysoka produkce karbonatového pisku
Sedimentace zavisla na

=  dmuti,

= energii vinéni,

= pozici k prevladajicim vétrim
Procesy sedimentace:

= Migrace piscitych valli — smérem na platformu (navétrna strana
platformy)

= Migrace piscCitych valll - smérem do more (zavétrna strana platformy)
= Gravitacni resedimentace do hlubokého more
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Fig. 3.27 Satellite photo of southern Florida showing Florida
Bay with network of ‘lakes” and banks, the linear Upper and
Middle Florida Keys which are present-day islands developed
upon a line of Pleistocene patch reefs (Key Largo Limestone)
and the Lower Florida Keys which are modern islands
developed upon a Pleistocene tide-dominated oolite shoal
complex (the Miami Oolite).




Oolitickeé pisky

Facie:
Oolitové pisky - grainstone s ooidy,
peloidy, agregaty, méné
skeletalnimi alochemy (jezovky,
korali, foraminifery, rasy), ooidy,
peloidy, mikritizace alochemu
Planarni Sikmé zvrstveni,
asymetrické €eriny, symetrické
ceriny,







FACIES | 46 T 217928

Pl. 37-39

3 Figs.

Erdangan 2002

Ooids from Turkey and Egypt in the Eastern Mediterranean
and a Love-story of Antony and Cleopatra

Amr El-Sammak, 40 Ain and Maurice Tucker, Durham
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B CONCLUSIONS

Om the basis of the microfabncs of the ooids from
Cleopistra's beach an Tubey, showwing that they are typical
high-ererry noomal-morise ooids, as well as the hydro-
graphi conditions in Ookeva Bay which are clearly those of
i loow-enerey covironment, plus the dheence of this trpe of
samd aimany other beaches in the region, it is concluded thit
the samd must have been brought there lom some distant
locution. To thiy exeent then, the weracity of the begend abour
Cleapatra’ s baach is supporied, The occumence of arclaes
lesgrical rempins cn Sedir Islund and oa the adjscent const,
mahicatmg that this regron was an importani seitlement
dhenng Anntohun and Boman Permods, supporls Uhis inberpre-

t=hiem. The Mennatm ocdds shoaw many cimilanties wirh
urads from the beaches to the westof Alesandria in norhern

Eoypl, the home of Cleosaira, Howevar, thams ure sisme
differences, notably tnthe nasore of the muclel of the woids.,
sugpesting that the exact source Of the ooids bas oot ver beci
stablshied, bt that it s sl mesn likely mo Bave Been from
the Alewandrin coasl.

Thus, the sedimentologiesl svidence Tully supporiz the
legend of Cleopaira’s beach 1in Turkey




