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Introducao

A composicao das aguas ocedanicas resulta de:

- Aporte de aguas fluviais

Carbonatic

- Cristalizag@o por processos quimicos e bioguimicos

- Aprisionamento de agua oceanica em poros de sedimentos

acurii depositados

- Reac0es entre a agua do oceano e basaltos nas cadeias meso-
oceanicas

e Ambient

Evaporito
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Introducao

Sedimentos biogénicos:
: -Carbonatos:
Gl Autdctones — bio-induzidos e biogénicos  Aldctones —
bio-induzidos e biogénicos
-Silica
Acumulag
-Fosfatos
Sedimentos Quimicos
- Cloretos

- Sulfatos

- Carbonatos



GSA 0621 - Principios de Geologia
Sedimentar

Sedimentos biogénicos silicosos:

GEOCIENCIAS

Introducao

Selection of planktonic diatoms
(not representative for the mediterranian)

Diatomaceas
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Sedimentos biogénicos silicosos:

Introducao

Radiolarian recovered
from marine

sediment example of a siliceous
sample test used in -
paleo-oceanographic
research

courtesy of

Dr. William Fuddiman

from: Ruddiman (1985) Climate

Studies in O cean Cores, in Paleoclimate

Anelysis and Modelfing, ed. Alan D. Hect, John Wiley g
& Sons, NY.

<0HM

Radiolarios
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Sedimentos biogénicos fosfaticos:

Introducao

Increased organic

GEOCIENCIAS

Sedimento: Sea-level productivit
Carbaonatico S

Photic zone R e

R i —
KA K

Upwe|||ng .1___1"'* Low rE.tE.'S
of cc?ld, X Deposition of of seldlment
nutrient- phosphate-rich ae
rich waters sediments

' Deep water/ Shelf-platform Inshore

e Ambiente ocean basin margin shelf
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Sedimentacao Carbonatica

Sedimentos
Carbonaticos

Lisis
Giehomra Bonk
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PROPORTIONS OF SEDIMENTARY

ROCK TYPES IN EARTH'S
SEDIMENTARY CRUST

CARBONATES  19-22%
SANDSTONES  22-37%

GEOCIENCIAS
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Mineralogia dos carbonatos

Sedimentos

Carbondticos Aragonita (CaCO3) - Polimorfo de alta temperatura

Calcita (CaCO3)- estavel na agua do mar e na
crosta superior
0 Calcita de baixo Mg

O Calcita de alto Mg
Imperforate foraminifera
Echinoidea

Dolomita (CaMgCO3)- primaria ou produto de
diagénese.
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Captura Biologica de Carbono

Sedimentos

Carbonaticos O carbono do CO, € incorporado nos organismos Vivos pela
fotossintese, heterotrofia e formagéo de carapagas.

> 99% do CO, atmosferico proveniente de vulcanismo removido
por organismos é depositado como carbonato de calcio e matéria
organica

5.3 gigatons de CO, sao adicionados na atmosfera por ano, mas

apenas cerca de 2.1 gigatons/ano acumulam-se; acredita-se que
0 restante é sequestrado como aragonita e calcita.

Evaporito
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Acumulage

e Ambien'

Evaporito:
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O sistema carbonatico nos oceanos:

Ca?* + 2HCO, — CaCO, + H,CO,

H,CO,+ CaCO,* — Ca* + 2HCO,

H,O + CO, - *H,CO, — H*+ HCO,

*Dependente da temperatura e pressao
#Dependente do pH
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Introducao aos modelos de facies de

sucessdes carbonaticas
“Os sedimentos nao depositam-se, eles nascem”

CSeiime{r:_tos - Sistemas deposicionais carbonaticos sao responsaveis por
SIROREees grande parte do registro sedimentar e representam
importantes sistemas de acumulacao de hidrocarbonetos.

- Os modelos de facies de sistemas deposicionais
carbonaticos baseiam-se em  conceitos diferentes dos
modelos de sistemas siliciclasticos pois as particulas dos
depdsitos carbonaticos sao geradas dentro da prépria bacia
através da fixacao do carbonato em solucao na agua por
organismos ou por precipitacao direta.

- A maior parte das particulas carbonaticas tem origem
bioldgica ou foram geradas por mediacao bioquimica, assim
o controle sobre a fromacao de carbonatos esta relacionado
a questdes ecoldgicas.

- A “fabrica carbonatica” é a zona do fundo marinho
iluminada pelo sol, em aguas rasas.
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Diferencas entre sedimentos terrigenos e carbonaticos

Clasticos terrigenos

Clima nao é limitacao, os
sedimentos ocorrem em todo o
mundo

Depositam-se tanto em
ambientes terrestres quanto
marinhos

Granulacao reflete a energia
hidraulica do ambiente

Lama indica decantacao de
material em suspensao

Correntes e ondas formam corpos
de areia de dguas rasas

Sedimentos permanecem
inconsolidados no ambiente
deposicional

Exposicao periddica nao altera os
sedimentos expressivamente

A lei de Walter se aplica a maioria
dos depdsitos

Carbonatos
A maior parte dos sedimentos ocorre em
aguas rasas e guentes

Sao principalmente marinhos

Granulacao reflete o tamanho dos
esqueletos e dos graos precipitados

Lama geralmente reflete abundancia de
organismos que produzem particulas
pequenas

Muitos corpos de areia forma-se por
producao fisico-quimica localizada de
carbonatos

Sedimentos sao comumente cimentados
no fundo marinho

Exposicao periddica resulta em
diagénese intensa

A lei de Walter se aplica a muitos, mas
nao a todos os casos
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Controles na deposicao de carbonatos

Sedimentos
Carbonaticos

- Controles Bioldgicos
Evolucao das espécies e dos sistemas
ecoldgicos altera as caracteristicas.

_ - Clima
Acumulagk
- Oceanografia
Penetracao de luz
Temperatura da agua (solubilidade menor com
maior T)
Circulacao de agua
Oxigenacao
Salinidade

- TectOnica
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Distribuicdo dos sedimentos carbonaticos nos oceanos

Sedimentos b

Carbonaticos

Tipos de
Acumulaco:

% peso

0 50 100

Archer & Maier-Reimer (1994)
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Introdugac

AREAS OF MODERN CARBONATE DEPOSITION

e

Sedimentos
Carbonaticos

HONDUR

®PACIFIC
ATOLLS AUSTRALIAN

ARRIER

e Ambient
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Depositional
Setting Type of Deposit
Sedimentos
Carbonaticos
Basin and slope Pelagic sediments
Turbidites and debris flows
Platform margin Reefs and organic buildups
_ _ Sand shoals
Tipos de
AcumuisSs Platform interior Epeiric sea, lagoon or bay
Tidal flats

Terrestrial Dunes, lakes, cave deposits, soils, fanglomerates
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Rate of calcium carbonate
production per unit area

0 1 2 3 4

Sedimentos

o 3

Carbonaticos E
m
s ‘Maximum light
£ & circulation,

- g flourishing
. green algae
§ J/
= Lower limit
£ g0 of Halimeda
iy Belize Reef Front
a
100

Red algal crusts below 100m
and as deep as 250m

Estimated rates of production after Ginsburg
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Introducao

CaCQO, vs. Latitude

Sedimentos 4.5 =
Carbonaticos o
S
. 2 AP
g 20 - s
< =
g 3
E | S| q>_, 35 -
g (o]
€ 10 £
. 2 = g B0 4
Tipos de o
Acumulacoe 5 ki <
25
1{') 2(; ! ! 1 T T T T T
30 40 50 10 20 30 40 50

(a) Latitude (b) Latitude I

Componente
e Ambiente:

Opdyke & Wilkinson (1993)

Evaporitos
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Introducao

CaCO, vs. profundidade

0 T T |
Sedimentos
Carbonéticos
1F I' - — =
2 Aragonite — = -
Tipos de < =
3 = =
Acumulacoe = §
& 4r > B P i
S - — o 2]
~  Atlantic ¥  Atlantic
6 — - =l
Compopent_ s Pacific 4 Pacific
e Ambiente: X
7 l L 11 l | | L 11 | I L1 1
1.0 0.5 0.5 1.0 5.0
Degree of aragonite saturation Degree of calcite saturation
Broecker (1974)

Evaporitos
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Profundidade de Compensacao de Carbonato
(abaixo da quail a dissolucéo € intensa):

-Aguas mais frias de fundo contém mais CO, em solugdo
diminuindo o Ph.

- As maiores pressOes também aumentam a pressao relativa de
CO..
2

- Producdo de CO, por organismos detritivoros em aguas fundas
e diminuicéo do Ph por oxidagéo da matéria organica.

- O Pacifico tem profundidades de componsacao de carbonato
menores por ter maior producdo e decantacdo de matéria
organica.
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Aguas oceanicas profundas subsaturadas em carbonato de
calcio e silica oplina (amorfa, ndo cristalina)

Particulas biuogénicas dissolvem-se na coluna d'agua e no
leito marinhos

A dissolucao é mais rapida nos carbonatos.
Sedimentos carbonaticos sao ausentes abaixo da PCC

PCC varia de um oceano para 0 outro
4,000 m no Atlantico.
500 - 1,500 m no Pacifico

Particulas silicosas dissolvem mais lentamente nao sao tao
controladas pela profundidade.

Sedimentos
Carbonaticos

Evaporito
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TEMPERATURE °C 7. CARBONATE
OF SEAWATER IN SEDIMENT
o] 10 20 10 o] 50 100
.D L L ] 0 i
MIXED ZONE —= T ZONE OF
. PRECIPITATION
Sedimentos - —ARAGONITE LYSOCLINE = 4
Carbonaticos . i
= || ZONEOF
X 2 2 PARTIAL
'; DISSOLUTION
[
r DEEP
Acumulaco o3| WATER 3 =
& ZONE OF
i T ACTIVE
< DISSOLUTION
Tal 4
CALCITE COMPENSATION —
DEPTH T ZONE OF
NO CARBONATE
5 |- 5
Figure 1 Generalized diagrams illustrating the the variation in temperature with depth. The ma-
relative positions of calcite and aragonite solubil- jor zones of diagenesis are plotted to the right.

ity profiles in the modern tropical ocean and



ZONE I I 100’ of meters SHALLOW BASIN
100'S
to i
1000'S TR
ofmel’s  DEEP BASIN ‘stope | [[sactow
a MARGIN
SHALLOW —
BASIN
ZONE II —— |SANDSHOALS
extensive hordgrounds
‘. hardgrounds
4N or REEFS
Carbonaote \ piles of sand enen:u‘u
| Sediment ond limestone | CEMentation
Ly socling —. 4 hardgroundsin upper blocks
ZONE IIL port
cco no // nodules 8 loose sedimentin | REEF MOUNDS
ZONE I DEEPSEA c“j""“'e = tower part Satansve
z neomorphism ?
—r E— —

BTN 4

[PLATFORM or LAGOON

SAND SHEETS - sporadic lithification or
extensive hardgrounds

REEFS — sporadic lithification

MUDDY LAGOON — no cementation

S TRANDLINE

SANDY BEACH
beachrock

MUDDY TIDAL
FLAT

crusts, dolomite

Figure 5 The locations of seafloor precipitation
on a shallow carbonate platform and in adjacent

deep-water settings. In all of these habitats,
most sediments are unlithified.

After James, 1984
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Introducao

NORTH LATITUDE SOUTH
70 60 50 40 30 20 10 0 10 20 50 40 50 60 70O

| I I I i | | 1 | I I I

ZONE R I SNAAS

¥ /

>3 2

b

1 3

=

a g -

e ZONE II
5_

ZONE EATA

6

Figure 2 Variations in the different zones of
seafloor diagenesis in the modern ocean.
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Principais acumulagdes carbonaticas atuais:

- Carbonatos oceénicos pelagicos: cocolitos (algas), foraminiferos
e pteropodes (gastropodes pequenos).

Carbonati

Tipos de - Plataformas subtropicais e tropicais: Corais, algas e moluscos.
A T>15°C e salinidades normais. N&o suportam salinidades elevadas.

-Plataformas temperadas: moluscos foramniferos algas vermelhas
e briozoarios. Baixas taxas de acumulacao.
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Tipos de acumulacdes carbonaticas

- Plataformas Carbonaticas (carbonate platform):

Grande edificio formado pela acumulacao de sedimento
em uma area subsidente. A maioria dessas estruturas possui
um topo plano e laterais ingremes, podendo acumular alguns
km de espessura em areas de muitas centenas de km?.

Tipos de Plataformas senso estrito (carbonate shelf) - é uma
ammasaae plataforma ligada a uma éarea continental, que é uma fonte
potencial de terrigenos, matéria organica e nutrientes.

Plataforma epicratbnica - grandes cratons cobertos por
aguas rasas com deposicao carbonatica - sem analogo
moderno.

Banco carbonatico - plataforma isolada e cercada por
aguas oceanicas profundas, sem fonte de terrigenos.
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Principle Zones of Carbonate Production & Accumulation In Persian Gulf

Subtidal Carbonate Factory
Shoreward Calcareous Plankton
Transport & Mud Fallout

Basinward
Transport

0 50 Km 100 Km 150 Km 200 Km 250 Km

Rate of calcium carbonate
production per unit area
0 1 2 3 4

o 3

Maximum light
& circulation,
flourishing

green algae

ar marine water

Lower limit
of Halimeda
Belize Reef Front

[R¥ ¥

Red algal crusts below 100m
and as deep as 250m

Estimated rates of production after Ginsburg



Rate of calcium carbonate
production per unit area

2 3 4

Subtidal Carbonate Factory Rim JCE—

Shoreward Transport Fallout of % 108
Calcareous Plankton 2
% g™ T i i TP E
E
3

Basinward | %80 —
Transport | &

100

C. Kendall 2005: modified from James

Maximum light
& circulation,
flourishing
green algae

Lower limit
of Halimeda
Belize Reef Front

Red algal crusts below 100m
and as deep as 250m

)

Estimated rates of production after Ginsburg
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Sediment
Carbonatic

Tipos de
Acumulagdes

Evaporito
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Fringing
1Reef

3, \a x[ﬂm‘mr
Patch _ i \Reef

L

Submemged
J'ﬁ' i1 - ]
Tipos de S}Il..-": Edge
Acumulagdes )\! Reet
Atoll .,1

Figure 7.7a. Morphological
expression of the major reef types
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O principal controle sobre as facies sedimentares e
geometrias de grande escala em plataformas carbonaticas é
a natureza de suas bordas.

- Plataformas barradas possuem recifes ou barras de areia
carbonatica, continuos ou segmentados, em suas margens.
S— E§sas b?rreira§ absorvem as or)das oceanicas e limitam a
e toes circulacao de agua para a zona interna, caracterizada como
uma laguna ou plataforma rasa.

- Plataformas abertas nao possuem tais barreiras, sendo
caracterizadas por perfis em rampa, com retrabalhamento
intenso do sedimento de aguas rasas por ondas e correntes
de maré.

- Bacias profundas - acumulacdoes significativas de
carbonatos de aguas profundas ocorrem somente a partir do
Jurassico - aparecimento de microorganismos pelagicos
carbonaticos (algas verdes, foraminiferos plantbnicos e
gastrépodes microscoépicos).
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Introducao

Sedimentos
Carbonatico A

Unrimmed shelf

Tipos de
Acumulagodes

B arrier reef

[~ Rimmed shelf

e Ambiente!
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average water depth across bank is about 10 m

2 P o

Tipos de
Acumulagdes
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Sedimentc

Tipos de
Acumulagodes
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Introducao

Sedimentos
Carbonatico

Tipos de
Acumulagodes

e Ambiente!
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Asolid organic framew oL at FESISTS WaVes g

S

+“built by frameworkprgajﬂ'o"mgab 5 O -
Carbong . orgamsﬁ-thrwe in shallew wafér“h@h energy enviro

-

Tipos de
Acumulagdes

Evaporii
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Tipos de
Acumulagdes

Evapol
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(=L ELE P

Al sHORE __SHELF RIM BASIN
e _ Above wave base Reefs, Ocsan
g E Inner shelf Outer shalf sand Shelf Mainly
S = Muds, sands, Skelatal sands, shoals, | debris, pelagics
= grass covared patch reafs islands | pelagics
Sediment

WARM WATER RIMMED SHELF (SHALLOW)

Tipos deE SHELF LAGOON RIM| BASIN
Acumulagdes B =
wave base Below wave base Ocean swalll
Inshore = = = =
clastics 3|33 = 2| Muds
with Muds = ﬁ:ﬁ = Muds = =
molluscs

Sea lavel

Componen

Up to 30 m deep

WARM WATER RIMMED
SHELF (DEEP)

Figure 20 Facies models for warm water (A) and cool water (B) rimmed
shelves. The latter is modified from Sellwood (1986).
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Sediment
Carbonatic

Tipos de
Acumulagdes

Evaporitc
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Tipos de
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Componi
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Carbonat

Tipos de
Acumulagodes

130

CARIBEEAN

3,000 m
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Carbonatic

Tipos de
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A RAMP BASIN
Back Ramp Shallow Deep Ramp
Protected/ Wave
Subaerial Dominated
Lagoonal-tidal flat- Supratidal| Beach/Barrier/ Thin Bedded
carbonates Strand Plain limestones, Shale/
+ Evaporites, Paleosols, ~ Shoals Storm deposits Pelagic
Paleokarsts + Patch Raefs + Mud mounds Limestone
Sea Leval

S s e e U ___ Fair Weather Wave Base

WARM WATER RAMP

Acumulagdes

B SHELF SHELF MARGIN | BASIN
Above wave base Below wave base
b C‘Jzir:e;ﬁiﬂﬂf: flﬂ?:rl:f:;fir Mud with bioclasts Pelagic
(bryazoe, : a) poorly sorted sadiment
sands
Sea lavel

- A as

COOL WATER OPEN SHELF (HIGH ENERGY)

Figure 15 Facies models for unrimmed shelves (A) warm water ramps, and (B) cool water
open unrimmed shelf (high energy).

GEOCIENCIAS
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Sediment
Carbonatic

Tipos de
Acumulagdes

Evaporitc
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” STORM ACTIVITY _
ZONEZ ZONEY ZONE X
LOW ENERGY HIGH LOW ENERGY
ENERGY

REDUCED CIRCULATION

el o YR ElBER _ _

Ef
T

EVAPORITES LANDWARD GRAINSTONES  FINE-GRAINED BASIN
MUDSTONES (DOLOMITIZED) SEAWARD SEDIMENTS

Figure 23 Facies model for an epeiric shelf (from Irwin, 1965).

A BANKEDGE BANK ISLAND |BANK EDGE
Leeward margin . Tidal flats in | Windward
Tidal exchange Lee of island | coastal areas | margin
1] —_— — ]
a [ » [ | &
3 5% 3 Mud Pellet Mud 88|38/3
2 ] O =1
o 33

Sea Level

T OO
€y : -
it !
> WARM WATER BANK

B BANK ABOVE STORM WAVE BASE
Bryozoa Sands Bryozoa Bryozoa Sands
Pelagic with corals, Sands with with corals, Pelagic
forams echincids, and Molluscs + echinoids, and forams
gastropods Serpulids gastropods
Sea Level

aaaaaa

aaaaaaa

COOL WATER BANK

Figure 24 Facies models for carbonates on warm water (A) and cool water (B) banks.

GEOCIENCIAS
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Introducac

MIXED BIOSTROME/
Sedimento 0 DELTA TERRIG/CARB BIOHERM REEF saa laval
C periplatiorm
60 facies
120 Siliciclastic ¢, 04% Carbonate dominant 00ze

dominant
- 75 to 200 km

facies

Tipos de FLOODPLAIN SHELF EDGE/
Acumulagodes 0 N o o e B YA FANDELTAS sea level

= e o e D D e -

m &0 -

b Siliciclastics dominant

120 =

Components Figure 30 Diagrammatic illustration showing progradation of coastal siliciclastic deposits
| over platform carbonates on the Northeast Australian Platform during lowstand periods.

e Ambiente Modified from Davies et al. (1989).
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STACKED TIME

@ @ HIGH

® //\/@/\sm LEVEL
LOW

SUBAERIAL EXPOSURE
@LHST—-
Sedimento - — —
. @LST f @EHS_T'_H
= OTST=
@LHST —
COMPOUND
Figure 31 A sketch illustrating compound reef growth patterns during a rise and fall in sea @ @ BACKSTEPPED
level when the scale and period of sea level fluctuations were intermediate and/or reef
. builders could match the fastest rates of sea level rise. The motif is one of aggradation fal- T @
Tipos de lowed by progradation. TST are mostly keep-up; EHST are catch-up and LHST are pro-
grading. Inset shows stacking of reefs as the result of growth during several major
STACKED SEA LEVEL

Acumulagdes Sl
fluctuations in sea level.

SUBAERIAL EXPOSURE

/ ? ,\::E:Zé_._':"'\i;:‘: AT @LsT

@LST—~ . -,.1;4;::; ®LHST
\g&’ % @EHST

@181 AGGRADING

SHALLOW WATER

»  DEEP WATER =

MOUND OR
HARDGROUND

LST

AGGRADING
DEEP WATER

Figure 30 A sketch illustrating aggrading reef growth during a rise and fall in sea level
Eva p orito: when fluctuations were large and of short period and/or the reef builders could barely match
i rates of sea level rise. In relatively shallow water aggradation is mainly during TST, EHST
and LHST phases; in deep water aggradation is only during LST and the top of the reef is
drowned or replaced by a deep water mound during sea level rise. Such reefs may be
stacked to form large complexes or if sea level is very rapid may backstep upslope (insets).
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a. SLOPE APRON b. BASE-OF-SLOPE
SHALLOW WATER
o 50 e T

FACIES
GULLIED — 7

Sedimentc

FACIES >

. c. OPEN PLATFORM SLOPE d. SUBMARINE FAN
Tipos de DEEPER WATER SHALLOWER WATER : UPPER FAN SHALLU#D\'\;:: ER
Acumulagdes iy P‘;‘}Egg’i = "VARGIN
FACIES 5

FACIES

FEEDER

LOWER
FAN CHANNEL

Figure 22 Block diagram facies models for a) carbonate slope apron, b) carbonate base-of-

slope apron, ¢) carbonate deep open platiorm slope, and d) carbonate submarine fan (a and b
are modified from Mullins and Cock, 1986).
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Tipos de sedimentos carbonaticos biogénicos:

- Autdctones

- Aldctones
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Principal Zones of Carbonate Production and Accumulation

Subtidal Carbonate Factory

Shoreward Transport Fallout of

Calcareous Plankton

o

Basinward
Transport

After James

Componentes
e Ambientes
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Sedimento carbonatico autdctone biogénico:

GEOCIENCIAS

Recifes

Componentes
e Ambientes
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Atol

Componentes
e Ambientes




Carbonatic

Acumulage

Componentes
e Ambientes

Evaporito
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Sedimento carbonatico autéctone bio-i

Estrom

nduzido:

l‘l- g }-\. : L t-.' ¥
- B0 i I_.| .-
m‘- b {ll" Y e |

atéliios

GEOCIENCIAS
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Particulas carbonaticas
Aloctones

Micrito (lama carbonatica) & graos
na fracao areia

Classificados por forma e estrutura
Interna

Esqueletais & nao-esqueletais
(graos bio-fisico-quimicos)

Componentes
e Ambientes



GSA 0621 — Principios de
Geologia Sedimentar

Sedimento carbonatico aloctone biogénico:

GEOCIENCIAS

Acumulag

Componentes
e Ambientes

Micrito de epifauna sobre sea-grass
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Introdug: DEPOS|T|DNAL SI:_ITING

FAUNAL AND SEDIMENTARY ASSOCIATIONS SHOWN BELOW
INDICATE SETTING

SHELTERED LAGOONS
AND EPEIRIC SEAS
MODERATE FAUNAL DIVERSITY AND NUMBER

g PROTECTED TIDAL FLATS
Carbonatl LOW FAUNAL DIVERSITY. HIGH NUMBERS

B —r—d

Acumulag

DEEP WATER
PELAGIC FAUNA ASSOCIATED WITH
SOME REDEPOSITED SHALLOW-
ORIGIN
Componentes BIOLOGIC DISINTEGRATION OF MECHAN
ICAL AND BIOLOGIC
s Amblentes CALCAREOUS GREEN ALGAE EROSION OF cmanm?? s

SEDMENT

DIRECT PRECIPITATION

A L FROM SEA
\%:«v:m. STk




GSA 0621 — Principios de
Geologia Sedimentar

GEOCIENCIAS

Introduceé

Sediment
Carbonati

Tipos di
Acumulagk

Componentes
e Ambientes

Evapori
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GEOCIENCIAS

Componentes
e Ambientes

Micritos em planicies de maré
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GEOCIENCIAS

Acumulagi

Componentes
e Ambientes




Sedimento!

Tipos de
Acumulacoe

Componentes
e Ambientes
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Sedimento carbonatico aloctone (biogénico ou ndo):

GEOCIENCIAS

Peldides
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Graos na fracao areia ou
maior

GEOCIENCIAS

Odides

Grapestones e outros intraclastos
Pellets

Pisolitos and Oncdlitos

Bioclastos

Componentes
e Ambientes



Componentes
e Ambientes
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SKELETAL GRAINS
MOST AQUEQUS ENVIRONMENTS

fa“’@ PISOLITES & ONCOIDS

w TIDAL FLAT

PELLETS
SHALLOW PROTECTED INTRACLASTS -

WATERS

@

GRAPESTONES

SHALLOW WATERS WITH
MODERATE WAVE ENERGY

6B

QOLITES

HIGH ENERGY
TIDAL SHOALS

@ 4=
Y,

DEEFP WATER
INTRACLASTS

MUD SIZED
CARBONATE

REEFAL SKELETAL E‘qg MICRITE
BLUE-GREEN TER
ALGAL ONCOLITES
? St it LITHOCLASTS

ENERGY SHOAL FRAGMENTS OF OLDER

GEOCIENCIAS
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CEMENTATION DURING SEDIMENT DEPOSITION

Sedimentc

“JDLITES
MARINE ENVIRONMENT: 1. FORMATION OF GRAPESTONES

PELLET HARDENING
2. SUBMARINE REEF CAVITY CEMENT
SEDIMENT SURFACE CRUSTS
3. INTERTIDAL SUBSURFACE CRUSTS

A
B
Acumulaco: A
B. SEDIMENT SURFACE CRUSTS

STABLE MARINE CEMENTS:

Componentes
e Ambientes ARAGONITE —— FIBERS, AND MICRITE

HIGH MAGNESIUM CALCITE —— FIBERS, BLADES AND MICRITE



Carbonatic

Acumulage

Componentes
e Ambientes

Evaporito
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GEOCIENCIAS

RELATIONSHIP OF GRAIN MORPHOLOGY TO CEMENTATION
AND WAVE AND CURRENT REGIME

A o
~
z/ .
— —- WAVES T e T
—-— CURRENTS B e e
seseter CEMENTATION - R %
N it
: —

SOFT
PELLETS

% GRAPESTONES

& HARDENED PELLETS

HORIZONTAL
PLATFORM
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Sedimento carbonatico aldctone bio-induzido:

GEOCIENCIAS

Sediment

Componentes
e Ambientes

Odides e oncoides
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: . GEOCIENCIAS
Geol(\nnr\ C'nr:hmnnfv\rw
COATINGS OF
CONCENTRIC OR BROKEN RADIAL
TANGENTIAL O0ID AS NUCLEI
SUBMICROSCOPIC
ARAGONITE
NEEDLES QUIET WATER WITH
ASYMMETRIC COATS ("
RADIAL AND 5
CONMCENTRIC N SUPERFICIAL WITH r
CALCITE COATINGS /1L SINGLE COATS @
BROKEN RADIAL % SPHERULITIC
FABRIC
GENESIS
P @
ARAGONITE NEEDLES
PRECIPITATED ON GRAIN ABRASION POLISHES
SURFACE, POSSIBLY IN TANGENTIAL FIBERS AND
MUCILAGINQUS ORGANIC REMOVES OTHERS
ENVELOPE
DEPOSITIONAL SETTING
TIDAL
BARS
Componentes MARINE

e Ambientes BARS

FAUNA
STRESSED ENVIRONMENT, LIMITS SPECIES AND NUMBERS



GSA 0621 — Principios de
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Geologia Sedimentar
Introduca

Carbonatico

Tipos de
Acumulacoe

Componentes
e Ambientes

Evaporitos
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Sedimento carbonatico aldctone bio-induzido:

GEOCIENCIAS

Acumula

Componentes
e Ambientes

Cement

Imagem MEV de ooide
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OOLITE FORMATION

ALGAE AND BACTERIA INVEST OOLITE
IN MUCILAGENOUS ENVELOPE

STAGE 1 STAGE 2 STAGE 3
Wisded  OOLITE COMES ARAGONITE FIBERS ABRASION FLATTENS
TO REST ARE PRECIPITATED  TANGENTIAL CRYSTALS
ON SURFACE AND REMOVES OTHERS.

POLISHED ORIENTED
SURFACE PRODUCED
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AragomticiopIds: .

GEOCIENCIAS

Introdug:

Sedimen
Carbonat

Componentes
e Ambientes

10 x Plain View
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GEOCIENCIAS

Componentes
e Ambientes

Aragonitic Oolds
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GEOCIENCIAS

Componentes
e Ambientes




GSA 0621 — Principios de

Geologia Sedimentar GEOCIENCIAS

SOURCE OF CARBONATE LUMPS

1. ACCUMULATION OF LOOSE
CARBONATE SAND

2. PRECIPITATION OF MARINE
CARBONATE CEMENT
WHILE AT REST

Componentes

e Ambientes 3. BREAK UP OF LAYER BY
STORM INTO LUMPS

(-
C
:
(_ )
U1

Evaporitc G _rIEJ _IC) ; S
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GEOCIENCIAS

Componentes
e Ambientes




Sedimeni
Carbonatic

Acumulaco

Componentes
e Ambientes

Evaporito
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Sedimento carbonatico aldctone:

GEOCIENCIAS

Intraclastos
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Pallars
GENESIS o —
EXCRETION

DEPOSITIONAL SETTING

PROTECTED SHALLOW WATER
WITH MINIMAL SUB SEA
CEMENTATION

Acumulagk

Componentes
e Ambientes

DIAGENESIS

MOST PRESERVED PELLETS IN ROCK RECORD MUST HAVE BEEN
CEMENTED PENECONTEMPORANEQUSLY. MOST LIME MUDS WERE
PROBABLY COMPOSED OF SQUASHED SOFT FECAL PELLETS.

FAUNAL ASSOCIATION
HIGH NUMBERS, LOW DIVERSITY, FILTER FEEDERS COMMON
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GEOCIENCIAS

Introdug

Componentes
e Ambientes

Evaporit



GSA 0621—Pr1-nc1plos de GEOCIENCIAS
Geologia Sedimentar

MICRITIZED GRAINS:
KNOWN AS PELOIDS OR PELLETOIDS

Sedimente INFESTATION OF GRAIN BY BLUE-GREEN ALGAE AND BACTERIA
Carbonatie AND PRECIPITATION OF CARBONATE IN MICROBORINGS

Tipos de
Acumulaco:
Componentes —_
e Ambientes Smm
HIGH Mg CALCITE ARAGONITE PSEUDOMORPH

FORAMINIFERA TEST OF FORAMINIFERA SHAPE
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GEOCIENCIAS

CRYPTOCRYSTALLINE GRAIN ALTERATION

Componentes
e Ambientes




Introducao

Carbonatico

Tipos de
Acumulacoe

Componentes
e Ambientes

Evaporitos
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PISOLITES

IRREGULAR CONCENTRIC
MICRITIC TO FIBROUS
CALCITE LAYERS ABOUT

 GEOCIENCIAS

A NUCLEUS.
ALSO ALGAL
FORAM.
CONSORTIUM
SOURCE:
A, MICRITE ENCRUSTATIONS

PRODUCED BY BLUE-GREEN ALGAE
ALOMNE AND WITH FORAMS.
INTERTIDAL AND SUPRATIDAL
PRECIPITATION OF CARBONATE.

CALICHE

CAVE PEARLS




Carbonat

Acumulag

Componentes
e Ambientes
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GRAINS COMPOSED OF IRREGULAR
CONCENTRIC LAYERS OF MICRITE OR RADIAL
CALCITE AROUND A NUCLEUS

ONCOIDS - HIGH INTERTIDAL ZONE
BY EVAPORATION OF
MARINE WATERS

PISOLITES— FRESH WATER ZONE OF AERATION
IN ARID SUBTROPICAL SOIL PROFILE

FAUNAL ASSOCIATION

USUALLY NO FAUNA PRESERVED FOLLOWING DIAGENESIS

GEOCIENCIAS




Introduca

Carbonatico

Tipos de
Acumulacoe

Componentes
e Ambientes

Evaporitos
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de

Bioclastos

 GEOCIENCIAS
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Sedimento carbonatico aloctone biogénico:

GEOCIENCIAS

Componentes
e Ambientes

Bioclasto de bivalve



Carbonatic

Acumulaco

Componentes
e Ambientes
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Sedimento carbonatico aloctone biogénico:

GEOCIENCIAS

Bioclastos de bivalve em lamina de carbonato
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Sedimento carbonatico aloctone biogénico:

GEOCIENCIAS

Componentes
e Ambientes

Bioclasto de braquiopode
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Sedimento carbonatico aloctone biogénico:

GEOCIENCIAS

Bioclasto de
gastropode

Componentes
e Ambientes
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Sedimento carbonatico aloctone biogénico:

GEOCIENCIAS

Componentes : ! _ .
e Ambientes o~ ' ; o ! " {

f

L

Bioclastos de gastropode em carbonato
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Sedimentc
Carbonatic

Alga calcéria

Acumulago

Componentes
e Ambientes




Introdugac

Sedimentos
Carbonatice

Componentes
e Ambientes

GSA 0621 — Principios de
Geologia Sedimentar

Sedimento carbonatico aloctone biogénico:

Bioclastos planctonicos
(algas)

GEOCIENCIAS
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Sedimento carbonatico aloctone biogénico:

GEOCIENCIAS

Componentes
e Ambientes

Bioclasto de foramnifero
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Sedimentos
Carbonatice

Componentes
e Ambientes
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Evolucdo da vida e transformac0es nas caracteristicas dos
sedimentos quimicos e biologicos



Sedimentc

Acumulaco:

Componentes
e Ambientes
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Coccoliths
Brachiopod:
Gastropods
Green algae

Forams
Bivalves

GEOCIENCIAS

W
= v v @
v - ©
3 T S £
8 : : "
& = o
o o & (7
m 7 / 7 Tl
n i / /i Cenozoic
[ A
7

Pep——

Palaeozoic

Mostly planktonic

Mostly benthonic

Calcite - Aragonite

Fig. 3.14 Variation of carbonate mineralogy and phyletic
abundance with time for carbanate sediment-forming
organisms. The widths of the bars represent relative
importance with time of individual groups as sediment
contributors (not absolute masses of CaCO, produced—
modern carbonate production is dominated by the humble
coccolith). (After Lowenstam, 1963.)

~—7 7 High Mg calcite

Organisms may secrete their calcareous hard parts
as either aragonite, low-magnesian calcite or high-
magnesian calcite. Some have multimineral shells.
The differing chemical and mineralogical composi-
tion of carbonate hard parts clearly gives rise to
a corresponding chemical/mineralogical preservation
potential. The nature of skeletal carbonate particles
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Carbonatico

Tipos de
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Componentes
e Ambientes

GSA 0621 — Principios de
Geologia Sedimentar

E no Pré-Cambriano?

 GEOCIENCIAS
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Caracteristicas do Pré-Cambriano:

- No Arqueano, atmosfera e oceanos nao saturados em
O

2

- Arqueano e intervalos especificos do Neoproterozoico —
predominio de precipitacao quimica de carbonato.

- Carbonato bio-induzido em estromatolitos e esteiras
microbianas.

- No proterozdico grande evento de saturacao de O2:

P i deposicédo de grandes volumes de oxidos de ferro.
-Antes do Cambriano — saturacdo dos oceanos em silica
(antes de radiolarios (€) e diatomaceas (K))
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PHoffman photo

Sea-floor crystal-fans (grey) and calc:mlcnte (red) in Hayhook cap
limestone, Moose Horn River, Mackenzie Mtns, NWT, Canada




Sea-floor cements (after aragonite) and micrite (light) in a Sturtian cap
carbonate, Sete Lagoas Fm, Sao Francisco craton, southeastern Brazil
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Sedimentos quimicos:

Sedimento - Carbonatos
Carbonatict
- Cloretos
Tipos de - Sulfatos Evaporating column of seawater .
Acumulacoe E ¥
17 6% K, Mg salts
4]
i £
g g
O
% :
e 1 = :
; 50% evaporation = CaCO, 28 29 Halite 2
E =
= ~
Evaporitos 85% = Gypsum
0% = Halile y
95% = K, Mg salts 3.8% Gypsum |
2 = 0.6% CaCO. ;




Sedimento

Tipos de
Acumulacoe

Evaporitos

GSA 0621 — Principios de

Geologia Sedimentar GEOCIENCIAS

Carbonatos quimicos

-Precipitacao de aragonita em baias restritas com deéficit
hidrico.

- Marés brancas do mar morto
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Geologia Sedimentar :
Introducao
Evaporitos: condicOes de formagéao
Sedimentos Evaporation
Carbonatico
Surface influx >
Ocean reservoir Brine basin
Subsurface reflux
Tipos de (poorly constrained)
Acumulacoe
Precipitation
I =
7 1

Brine basin

TTTTTTTTTT

Qcean reservoir |

e Ambiente!

Evaporitos



GSA 0621 — Principios de
Geologia Sedimentar

GEOCIENCIAS

Sedimento

Tipos de
Acumulacoe

Components

Evaporitos
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Principais minerais evaporiticos

Mineral Formula IAP K

Halite NaCl 0.12 38
Gypsum CasSQ, - 2H,0 46 x 106 2.5 x10-5
Anhydrite CasO, 46 x 106 4.2 x10-5
Sylvite KCl

Kieserite MgsO, - H,0

Carnallite KMgCl; - 6H,0

Polyhalite K,MgCa,(50,), - 2H,0

Evaporitos
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Sequéncia de precipitacio de evaporitos

Seawater
composition E ———
Sedimenta % Salts ]
Carbonatice
0.12 caco, |1000 _—— Calcite
Gypsum
1.27 Ca50, i I polyhalite
800 Halite
27.21 NaCl
| 209 Solid solution with
Acumulaco: 0.09 NaBr halite/other chloride
600
Epsomite
2.25 MgSO,
" Kainite
0.74 KCl - 1a00 Sylvite
Carnallite
335 MgCl, 300 Bischofite
200 Eutonic magnesium
0.01 Borate borate
100
¥ = 35.05
1
Fluid density 1000 1100 1200 1300 1400
Evaporitos




Carbonatic

Acumulaggé

e Ambiente

Evaporitos
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- Anidrita: transformacao eodiagenetica de gipsita (cinética
quimica e pressao de soterramento)

- Grandes acumulacdes de sais no tempo geoldgico: Permiano do
norte da Europa, abertura do Atlantico.



GSA 0621 — Principios de

Geologia Sedimentar GEOCIENCIAS

High evaporation rate
4 ¢ 4444

Sea level (High tide)

Evaporitos de planicies de
Marés

Evaporitos T

;_;!.:,-"- £
Bardiwil salt marsh, Egypt
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Geologia Sedimentar :

Introdugao

Esteiras microbianas em sabkhas costerias:
Haldfilos

Carbonatico

Tipos de
Acumulacoe

Componente
e Ambiente;

Evaporitos
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Introduc:

Intercalagdes de carbonatos bio-induzidos e gipsita
evaporitica

Carbonat

Evaporitos



Carbonatic

Acumulaggé

e Ambient

Evaporitos
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Evaporitos Lacustres

GEOCIENCIAS



Introducac

Sedimentos
Carbonatico

e Ambient

Evaporitos
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|, Cress section

GEOCIENCIAS

Idealised diagram of the ‘bullseye’
pattern characteristic of salt lakes
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Introducac

Domos Salinos

Sedimentos
Carbonatico

8\
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/s

e Ambient

Evaporitos



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111

