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overview

diagenesis of grains – mikrobial micritization, borings, recrystalization; 
argonite (A), high-Mg calcite (HMC) low-Mg calcite (LMC)

cementation – pore fluids supersaturated CaCO3, mineralogy of 
cements depends on PCO2, Mg/Ca ratio

neomorphism – recrystalization – change of mineralogy and/or 
structure

dissolution – carstification, pressure dissolution, stylolites
compaction
dolomitization, dedolomitization
diagenetic environments – meteoric vadose, meteoric phreatic, 

marine phreatic, burial
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diagenetic environments
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marine diagenesis - overview

present-day cements

intertidal-subtidal – beachrock; A, HMC tmely – needle/accicular fringe 
surrounding grains, perpendicular to grain surface; phreatic – isopachous; HMC 
dark mikritic grain coatings, pore fillings; grain micritization; cement sources: a) 
phys.-chem. precipitation during evaporation on tidal flat, b) biochem. microbial 
precipitation (algal photosynthesis, bacterial calcification, decay of organic matter)

shallow subtidal – lagoons – microbial micritization; higher energy – cementation, 
hardgrounds; cements: needle/accicular A, micritic HMC – grain coatings, 
peloidal structures, surface crusts; reefs – high variability of cement types

deep water cementation – up to 3,5 km depth, impregnation by phosphates and 
Fe,Mg oxides; Bahamas - cements: micritic LMC, deeper water - nodularization; 
warm undercurrents: thin crusts, nodules of lithified pelagic material, needle  A and 
mikritic A cement; cementation – low sedimentation rates, water-sediment 
interaction (but not with pore fluids)

present-day marine dissolution – higher lattitudes – low CaCO3 saturation –
dissolution of bioclasts in first 100s m depth
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modern marin cements and their geometries
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cement mineralogy
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dissolution
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marine diagenesis

diagenesis in sedimentary record

early d. – on the seafloor or close to sediment surface; late d. – burial
diagnostic features of marine cements: 1) early (1st generation), 2) 
isopachous fringes surrounding grains, 3) needle/accicular/prismatic 
structure, 4) following generatin is typically sparite
aragonite cements – usually calcitised, isopachous fringes
calcite cements – accicular (needle, prismatic) calcite, perpendicular 
to substrate; reefs – micritic and peloidal HMC; hardgounds –
syntaxial overgrowths, equant sparite – both also typical for meteoric 
diagenesis and burial

processes: mikritic cement – rapid nucleation, slow accretion; 
needle/prismatic – faster accretion perpendicular to substrate; equant 
sparite – very slow nucleation
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burial diagenesis
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geothermal gradient
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meteoric diagenesis
dissolution (secondary porosity, carstification), cementation, pedogenesis
vadose zone – upper – infiltration, lower – percolation
phreatic - syntaxial overgrowths, equant spar cements
vadose – asymmetric: meniscus, gravity cements

isopachous cement – phreatic early stage
asymmetrical – vadose
syntaxial overgrowths
calcite replacing aragonite – sparry cements
LMC infilling pores late stage
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kalcite spar
equigranular mosaic, syntaxial overgrowths, poikilotopic spar
-meteoric phreatic zone, sourc of CaCO3 – pore fluids
-burial, source of CaCO3 – pressure solution
cement stratigrafphy, catode luminiscence, stable isotopes, fluid inclusions
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neomorphism
A C, C C, dissolution + reprecipitation
aggradational neomorphism – following crystal phase is coarser-grained; a) micrite 

microspar, pseudospar, b) calcitization of aragonite
calcilutites: microspar (4-10 mm), pseudospar (10-50 mm); irregular uneven 
grain boundaries, irregular grainsize, clastic grains floating in spar; 
pseudobrecciation
calcitization of A grains and cements – druse spar; a) relics of original bioclast 
structures, b) irregular mosaics of greins with different sizes, c) brownish coloring 
of neomorphic spar (relics of org. matter) - pseudopleochroism
degradational neomorphism – grain size is decreasing; rare; usually during 
metamorphism or deformation
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compaction
mechanical c. – early stages of diagenesis; reorganizing particles to more 
fitted/stable fabric; deformation of large clasts, cements, mikritic overgowths; 
bioklastic wackestone b. packstone
chemical c. – deeper burial (hundreds of m); matrix dissolution fitted fabric; 
stylolites, dissolution seams
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Dolomitization
limestone dolomitization dolostone dedolomitization limestone
dolomite, protodolomite, Fe-dolomite
dolomitization  - very early - penekontemporaneous dolomite

- late – after cementation, burial (epigenetic d.)
strukturaly selective d., eg. focused on matrix or bioclasts
dolomitization HMC – preserving original structures; dol. A - recrystalization, 
destruction of original structures
barroque/saddle dolomite – large crystals, barroque/saddle shaped crystals 
and shistosity, undulose extinction burial (HT, hydrocarbons, sulphide 
mineralization)
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dolomitization models
dolomite paradox: marine water oversaturated with dolomite, but its direct precipitation is 
inhibited by series of kinetic factors, therefore direct precipitation of A and HMC is more 
favourable in nature
• from pore fluids, Bahamas, Florida, Arab. Gulf, 1-4 mm rhombs, surface crusts; increase of 
Mg/Ca in pre fluids due to precipitation of A and gypsum-anhydrite, evaporation
• Lake Victoria, direct precipitation from lake waters, high Mg/Ca ratio due to weathering of 
basalts
• Coorong, s. Australia, direct precipitation of d., mixing of meteoric Mg rich waters with 
marine waters in shallow nearshore lakes, penecontemporaneous dolomite
• lagoons, periodicaly hypersaline, evaporation
• intertidal-supratidal, evaporitic dolomitization, preservation of sed.structures (teepee, 
birdseyes)
• shallow subtidal and reef, infiltration and percolation of lagoonal waters with high Mg/Ca 
ratio (due to evaporation) back to barrier/reef
• zone of mixing of meteoric and marine waters, ratio 2:1 decrease of calcite saturation, 
but dolomite saturation; lower salinity, Mg/Ca ratio constant
• burial, migration of Mg rich fluids (generated by compaction of pelagic muds) to limestones; 
sources of Mg: clay minerals, pore fluids, organic matter, also HMC to LMC recrystallization
• subrecent dolomitization in atols and carb. platforms (1200-1400 m depth), cold marine 
waters percolating the limestones low temperature, low calcite saturation, but saturated with 
dolomite; water circulation due to tidal pumping and marine currents high geothermal 
gradient …. Kohoutova konvekce
• in anoxic environments, bacterial reduction of sulphates - kinetic inhibitor of dolomitization, 
source of Mg partly in organic matter
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mixing zone dolomtization
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porosity
calcite dolomite, reduction of volume, increase of porosity up to 13%

dedolomitization
dolomite calcite; contact with meteoric water; surface dissolution of gypsum-
anhydrite; burial
identification: pseudomorphs of calcite after dolomite; neomorphic mosaic

silicification of carbonates
early and late; recryst. of bioclasts, node formation, nodular horizons; SiO2 
cement
diagenetic (authigenic) quartz types: 1) euhedral crystals, 2) microquartz, 3) 
megaquartz, 4) chalcedonic q.
source: sponge needles, diatomites, radiolarians, volcanic SiO2
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