Sedimentos e rochas evaporiticas
GSA0621



O que sao evaporitos?



Definicao de evaporitos

Depodsito sedimentar formado na superficie, ou proximo a superficie, a partir da
concentracao e precipitacao de sais dissolvidos em meio aquoso devido a

evaporacao solar.

Warren 2016
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Reducao do volume d’agua

Precipitacdo subaquatica (lagos ou lagunas)

Precipitacdo subaérea (sabkhas)



Classificacao

Autoctone
Aloctone
Detritico
Terrigeno
Intrabacinal

Extrabacinal

Autigénico
Biogénico
Bioconstruido
Bioinduzido
Ortoquimico

Organico




Ha transporte fisico?
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Evaporito

X

Espeleotema, calcretes, etc...




Mineral Formula ' Mineral Formula

|Anhydrite CaSO; | | Leonhardtite MgSO;4H,0
Antarcticite CaCl,-6H,O Leonite MgSO0,-K>S0,-4H,O
‘Aphthitalite (glaserite) KISOJ-(NQ,K)SQ Loewite A 2MgSO4A-2NaZSO4~5HZO
Aragonite** CaCoO; | Mg-calcite™* (Mg.Ca,_,)CO;
Bassanite CaSO0,-1/2H,0 Magnesite** MgCO;

Bischofite MgCl,-6H,0 | Meyerhoffite \ Ca,B0,,-7H,0
Bloedite (astrakanite) Na,S0,-MgS0,-4H,O Mirabilite ‘ Na,SO,-10H,O
Borax (tincal) Na,B,0,-10H,O Nahcolite | NaHCO;,

Boracite Mg;B,0,;-Cl Natron \ Na,CO;-10H,0
Burkeite Na,CO;-2Na,S0O, ' Nitratite (soda nitre) \ NaNO;

Calcite™** CaCO, ' Nitre (salt petre) KNO,

[Carnallite MgCl,-KCI1-6H,0 | | Pentahydrite | MgSO,-5H,0
Colemanite Ca;B50,,-5H,0 Pirssonite CaCOj;-Na,COs-2H,0
Darapskite NaSO,NaNO:-H,O Polyhalite 2CaS0O,-MgS0,-K,SO,-H,O
Dolomite** _ Ca, Mg, _(COs), | Proberite NaCaB;0,-5H,0
Epsomite MgSO,-7H,O | Priceite (pandermite) \ CaB,0,y-7TH,O
Ferronatrite _ 3NaSO,-Fe,(S0,);-6H,O | Rinneite FeCl, -NaCl-3KCl
Gaylussite | CaCOxNa,COs5H,0 Sanderite MgSO,;2H,0
Glauberite CaS04-Na,SO, Schoenite (picromerite) MgS0,4-K,S0,-6H,0
|Gypsum _ CaSO4-2H3_0 Shortite 2CaC03~Na_2CO3
Halite NaCl | Sylvite KCl |

Hanksite 9Na,S0;-2Na,CO;-KCl Syngenite CaS0,-K,SO,-H,O
Hexahydrite MgSO,-6H,0 | Tachyhydrite | CaCl,2MgCl,-12H,0
Howlite HsCa,SiBsO,, ' Thernadite | Na,SO,

Ikaite** CaCO;-6H,O Thermonatrite \ NaCO;-H,O

Inyoite Ca,B:0,,-13H,0 Tincalconite \ Na,B,0,-5H,0
Kainite 4MgS0,-4KCl-11H,0 ' Trona | NaHCO;-Na,CO;
Kernite Na,B,0,-4H,0 Tychite \ 2MgCO;-2NaCO;-Na,SO,
Kieserite MgSO,-H,0 Ulexite | NaCaB:0,-5H,0
Langbeinite 2MgS0,-K,S0, | Vanthoffite ‘ MgSO0,-3Na,S0,

Principais
minerais
evaporiticos

Todos evaporitos sédo sais
ibnicos contendo 0s
principais ions Na, Ca,
Mg, K, Cl, SO4, and CO3
em proporc¢des variadas.

Warren 2016
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normal
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Agua do mar ‘normal’

96,5% H20
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o Mg-0,13%
o Ca-0,04%
o K-0,04%

Volume residual de agua
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Depositional spectrum of
ancient evaporite systems
across deep time
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Reworked shoal wate
(slumps & breccias)

Brine system is perennially layered
with periodic freshening of
upper water mass

Reworked shallow water
(slurried & graded beds)

lowered
brine level

Holomictic brine
column at salt
supersaturation

Exposure & karst

Water column is supersaturated with
respect to salt of interest all the way to the
air-brine interface. At most, the column is
occasionally layered.

5-300m

_——
Bottom-nucleated
inclusion-poor coarse
prism meshworks

Quaternary analogues in texture, scale and hydrology
(borates, salt cake, soda ash

MARINE FEED MARINE FEED
platform slope basin
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Distribuicao dos evaporitos continentais quaternarios




Fig. 2.1 (a) World distribution
of modern deserts as determined
by plotting areas with less than
250 mm annual precipitation.

1. Australian, 2. Great Basin,

3. Mojave (Sonoran),

4. Chihuahuan, 5. Baja
California, 6. Peruvian,

7. Atacama (Chilean),

8. Patagonian, 9. Sahara,

10. Namibian, //. Kalahari,

12. Arabian, /3. Turkestan,

/4. Iranian, /5. Thar, /6. Gobi.
Also shows polar regions with
less than 25 c¢m precipitation.
Thermal equator joins the points
on each line of longitude with
the highest annual average
temperature (b) Latitudinal

I Major deserts
(<25 mm rainfall)
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Lago salino

Salinidade varia de 6% a 27%

Salinidade agua do mar: 3.5%
Salinidade Mar Morto: 33%
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i Tremonton

~ Bear River?
Migratory Bird
i RefL




-~
T

7




Outros lagos salinos?
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Lagoad de Araruama
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Salt flats

Salt pans

Sabkhas



Outros saltpans, sabkhas?
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Reworked shoal wate
(slumps & breccias)

Brine system is perennially layered
with periodic freshening of
upper water mass

Reworked shallow water
(slurried & graded beds)

lowered
brine level

Holomictic brine
column at salt
supersaturation

Exposure & karst

Water column is supersaturated with
respect to salt of interest all the way to the
air-brine interface. At most, the column is
occasionally layered.
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_——
Bottom-nucleated
inclusion-poor coarse
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(borates, salt cake, soda ash
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Platform Evaporites 100s to 1000s km

(after Warren, 2006)
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0 100 ky

lcehouse mode: 4th order 100,000 year

sealevel curve is high amplitude - more

than 100 m change per 100 ka)

0 100ky

Greenhouse mode: 4th order 100,000|
year sealevel curve is low amplitude -
less than 10 m change per 100 ka)

Shallow marine seaways

500 m (normal to slightly

DEPOSITION OF
PLATFORM EVAPORITES

Hydrographic

restricted salinities)

Alternation between hydrographic

isolation
( and nonhydrographic marine connection )
to depositional basin leads to alternating

stacks of marine-carbonate and evaporite beds

Shallow epeiric seaway
converts to saltern \\
with mudfiat periphery

eg.Willistonbasin, |~ 0 ation of tectonic barrier

Michigan Basin, >
Amazon Basin (greenhouse or icehouse mode)

Shallow shelf seaway
converts to saltern
with mudeat periphery

e.q., Khuff Anhydrite,
Hith Anhydrite Sea
Ferry Lake Anhydrit ; . .
okl oo ol Creation of eustatic barrier
(Greenhouse mode)




Ancient Basinwide

Balearic
W. Mediterranean
(L. Miocene)

Elk Point
{Devonian)

(Precambrian)

Louann Salt
Gulf of Mexico
(Jurassic)

Delaware
(Permian)

Michigan
(Silurian)

Ancient Lacustrine Quaternary lacustrine &
Holocene sea-edge
[ Rhine Graben Green River -
(Oligocene) {Eocene) ¢+ Lake Natron
S00km, * Danakil depression
Ancient Platform ! Dead Sea
Ferry Lake ¥ Great Salt Lake

{Cretaceous)

Sl

Amazon Basin
(Permian)

Khuff Anhydrite
(Permian)

Hith Anhydrite
(Jurassic)

4 Salar de Atacama
@ Chott el Djerid
"~ Lake Dabuxum
$ Lake Eyre
M Salar de Uyuni o

- Arabian Gulf (sabkhat)
b Lake MacLeod (salina)

marine

Lake Asal (salina-rift lake)

continental interior







AA 4 A A A A A

gypsum gypsum

halite carbonates halite carbonates

A - Bullseye pattern B - Tear-drop pattern
most soluble salts in basin center. most soluble salts occur away from
Typical of completely enclosed basins  basin entrance. Typical of restricted
basins with near-permanent
connection to open ocean
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LEGENDA

Golfo aberto com calcarios marinhos.

Sabkha - planicie costeira, periodicamente inundada com
precipitagao de evaporitos (anidrita) na zona capilar

Lagoa salina com deposicao de halita (NaCl)

Lagoa restrita supersalina com deposicao de silvinita
(KCl+NaCl). L d__- ' 5 ).

Limite de ocorréncia do ciclo 7
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PROFUNDIDADE (km)

SEGAO GEOLOGICA BACIA DE SANTOS SE
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Halita + Anidrita
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Estruturas sedimentares



Domos em gipsita

Formados a partir da pressao exercida por escape de
gases abaixo do tapete microbial

Tapete microbial impede a troca gasosa entre o
sedimento e a atmosfera/agua

A presséao exercida pelo gas levanta o tapete microbial
Gipsita cristaliza na superficie do domo levantado
devido a evaporagao da agua
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Anidrita nodular
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OF GYPSUM, IN A SABKHA NEAR EL ALMEIN, EGYPT.



Type Precipitation Temp Hydrological
process (°C) process
<5 A An evaporite salt precipitated via solar =
© o 6 “anary" evaporation from a brine pool at the earth's S o
ES =I5 e surface. Crusts, bottom nucleates & pelagic ¢ | Gravity and S 5
2 |§ ‘5 4 | evapon crystals accumulate on brine pool floor. $ density effects |2 &
® 3 E ‘é w ® & |Anevaporite salt formed in the shallow o |atsurfaceorin |©
© 2 2ls o %’ B | subsurface in the zone of active prheatic zone of active 1S &
a g £ 5T 2 |[flow. The concentration process of the brine phreatic flow b >
$ S s o 3 g x 2 | and the associated gravitational reflux is Krine ref 33
B v 33 3 2_ driven by solar evaporation. May form (brine reflux 379
> il }g _g g displacive, replacive or cement textures.
2 o 'g 5 .g S -E @ | A burial diagenetic evaporite phase that 9
DS = €| € g © g replaces earlier evaporite beds. Salt o
5SE IE| 835 G |precipitationis driven by fluid mixing or 2
8§88 8lo|w L & |saturation mechanisms driven by burial I _ =
= T2 3 g ° = 5 |diagenetic processes. Forms replacive and 8| Burial effects s 2
83 5 % cement textures. compactional |.2 %
% 3 g i Subsurface precipitation of evaporite as and - g @
iE Burial | cements and replacements in non-evaporite thermobaric |¢ 3
@ © matrix from a saturated brine derived form flow g
o 8 salts | he dissolution of adjacent evaporite beds or =
e g ¥ zones of brine mixing. 5
2 g [ An evaporite formed by brine saturation o Stagnant to &
€ = “Tertiary” | related to partial bed dissolution via re-entry S | active phreatic o
“c’ ) 2 evaporites into the zone of active phreatic circulation. i ‘5 :
< g > Often driven by basin uplift and reosion. flow
2 ©
e il f Salts (anhydrite - retrograde; halite 2
T % i Yorsus Hydrothermal
29 g [Hydrothermal -supercritical) precipitated by heating of 3 .yd e lielbins
o |salts . ~ | circulation
= seawater or subsurface brines. A
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EXERCICIO 2



