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Microfacies 
 

 

The Microfacies Concept: اضافة السحنات القياسية من كتاب 

 petrology of sedimentary rocks   371- 365ص  

 
Microfacies referred to petrographic and paleontological criteria studied in thin-

sections. Today, however, microfacies is regarded as the total of all sedimentological 

and paleontological data which can be described and classified from thin sections,  

polished slabs or rock samples. 
Field geology, including mapping and profiling, is a prerequisite for successful 

microfacies analysis. The importance of combined field work and thin-section studies 

was already emphasized in the earliest thin-section based investigations of carbonate 

rocks directed towards genetic interpretations of limestones. 

 

Rock types: 
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There are many purposes to study the microfacies, these are: 

 

1- Classify and nomenclature of rocks. 

2- Past geological events. 

3- Discriminate the ancient depositional environment and their conditions. 

4- Correlation purposes. 

5- Drawing the typical sedimentary model of the depositional environments. 

6- Sequence stratigraphy and basin analysis. 

 

The relationship of microfacies with the other earth sciences is shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Carbonates are born not made: 

 
This simple phrase by Noel James (1979) highlights the main theme of carbonate 

sedimentation and the differences between carbonate and siliciclastic sediments. 

Carbonates are 'born'. They originate as skeletal grains or precipitates within the 

depositional environment. By contrast, terrigenous clastic sediments are formed 

primarily by the disintegration of parent rocks and are transported to the depositional 

environment. 

 

Microfacies Project: 

 

1- Description 

2- Analysis 
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3- Interpretation 

Carbonate Minerals  CaCo3 (Calcium Carbonate). 

 

The 'Sorby Principle': Limestones are Predominantly Biogenic Sediments: 

 
Over 90% or more of the carbonates found in modem marine environments are 

biological in origin, i.e. the sediments are biotically induced (by an organic trigger, 

e.g. microbial micrites) or biotically controlled (skeletal autotrophic and 

heterotrophic organisms determine the composition, location and timing of carbonate 

production). Some of the 'abiotic' carbonate precipitation (represented by marine 

cements) is also triggered by organics or the activity of organisms. The dominant role 

of organisms in the formation of limestones was recognized as early as 1879 by 

Henry Clifton Sorby. Studying Paleozoic, Mesozoic and Tertiary carbonate rocks in 

thin sections; he recognized the overwhelming abundance of fossils and their 

importance in the composition of carbonate sands and muds. The distribution and 

frequency of carbonate-producing organisms depend strongly on environmental 

factors, such as light, water temperature and sedimentary influx. 

These controls as well as the paleoenvironmental settings are reflected by microfacies 

criteria and paleontological data. 

 

Carbonate Sediments Originate on Land and in the Sea: 

 
Carbonate sediments originate on land and in the sea. They are formed in three major 

settings: On the continents, within the transitional area between land and sea, and in 

the shallow and deep sea. Today only around 10 % of marine carbonate production 

takes place in shallow seas. 90% of the modem carbonate production is related to the 

deposition of calcitic plankton in the deep sea. These proportions were very different 

during most parts of the Phanerozoic.  

Major depositional environments are shown in fig (1) Terrestrial and aquatic non-

marine carbonates are receiving increasingly more attention from geologists because 

of their economic importance and their significance in paleoenvironmental analyses. 

 

 

 

 

 

 

 

 

 

 
 

Figure 1: Settings of carbonate depositional environments. 
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About 70% of microfacies studies dealing with marine carbonates concerns shallow-

marine carbonates formed on the shelf and near the shelf break. Future research 

should be focused on the huge deep-marine carbonate depositional regions on the 

continental slopes. 

 

Classification of Marine Environments: 

 
Marine environments are classified into the benthic, for the sea bottom, and the 

pelagic, pertaining to the water mass. There is no universally accepted scheme of 

subdivision of marine environments which is equally acknowledged by biologists, 

oceanographers and geologists. Figure (2) summarizes categories that are frequently 

used. The categories are predominantly based on schemes proposed by Hedgpeth 

(1957) and Edwards (1979), who discuss marine terminology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Figure 2: Marine depositional environments, Modified from Kennett (1982). 

 

1- Boundary Levels: 

 

Several levels at the sea bottom and within the water column are commonly used in a 

vertical subdivision of marginal-marine and marine environments (Box. 1). 

Microfacies analysis provides the basic data for recognizing these levels in ancient 

carbonate rocks. Essential critical interfaces that control sedimentary patterns and the 

distribution of organisms are: 

(1) The lower and the upper boundaries of the tides (control the distribution of 

organisms), (2) the base of the photic zone (controls the distribution of light-
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dependent phototrophic organisms), (3) the base of the zone of wave abrasion (above 

which bottom currents and wave action may lead to erosion and cementation),  (4) the 

base of the action of storms on the sea bottom, (5) the O2 minimum zone (strongly 

limiting life on and in the sea bottom), (6) the thermocline (the layer of water that is 

too cold for most carbonate-producing organisms), and (7) the pycnocline (the layer 

of water where salinity is too high for most organisms). High and low tide, wave base 

and storm wave base are used as basic boundaries in the classification of the major 

shallow- marine environments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2- Vertical and Horizontal Zonations: 

 

Subdivisions of marine environments are both vertical and horizontal: 

 

A- Vertical Zonations. 

 

Benthic depth zones: The depth of the sea bottom and critical levels controlling the 

sedimentation subdivide the benthic environments into six zones: (1) coastal 

supralittoral zone (above high tide, corresponding to the supratidal zone), (2) littoral 

(between high and low tide, identical with the intertidal zone), (3) sublittoral (below 

low tide, corresponding to the major part of the continental shelf), (4) bathyal 

(approximately equal to the continental slope), (5) abyssal (corresponding to the 

abyssal plains), and (6) the hadal zone (deep-sea trenches). Modern carbonate 

sedimentation takes place within the range of zone 1 to parts of zone 5. 

 

Geologists are in favor of the terms supratidal, intertidal and subtidal instead of 

the ecologically defined terms supralittoral, littoral and sublittoral. 

 

1 
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Pelagic depth zones: Five zones are defined by the vertical distribution of floating 

and swimming life. These are, in descending order, the epipelagic zone (the upper 

region of the oceans, extending to a depth of about 200 m), the mesopelagic,  

bathypelagic, abyssopelagic (corresponding to oceanic environments below about  

4000 m); and hadopelagic zone.   

Note that the boundaries of the benthic and pelagic depth zones are not fixed 

accurately. These boundaries reflect the situation in modem oceans that are not 

necessarily equivalent to depth zones visualized for ancient oceans. 

 

B- Horizontal Zonations. 

 

The lateral distribution of pelagic organisms with respect to their distance from the 

coast characterizes two major zones of the ocean: The neritic zone is the water that 

overlies the continental shelf, today generally with water depth less than 200 m and 

covering about 8% of the ocean floor. The term oceanic zone refers to the water 

column beyond the shelf break, overlying the slope and the deep-sea bottoms, 

generally with water depths greater than 200 m and down to more than 10 000 m. 

 

Transitional Marginal-Marine Environments: 

  

Shorelines and Peritidal Sediments 

 

Marginal-marine environments (deltas, beaches and barrier-islands, estuaries, coastal 

lagoons and tidal flats) occur in a narrow nearshore zone along the boundary between 

continental and marine depositional realms. 

The shoreline is marked by great environmental instability resulting from intensive 

interaction between high energy forces related to waves, tides, wind, and currents and 

constantly changing sea levels. Water energy, sediment transport and resulting 

sediment structures change across the shoreline from offshore to shoreface and 

foreshore environments. Carbonate deposition takes place in the coastal shoreline 

zone at the beach, in coastal lagoons behind barriers, and within the peritidal zone. 

Sediments formed in arid and humid shoreline environments differ in depositional 

patterns, composition and biota. 

 

Beach (Foreshore), Barriers and Coastal Lagoons 

 

The beach is strongly wave-dominated and constantly changing. Sediments are 

produced by the influx from rivers, erosion of cliffs and headlands, erosion of the 

sea floor, accumulation of shells and the deposition of nonconsoliated sediment by 

tides. A common feature of low-latitude warm-water beaches is the presence of beach 

rock (Scoffin and Stoddard 1983). Beach rock originates from the rapid cementation 

of sand grains and gravels by aragonite and Mg-calcite crystals growing in inter-

granular pores. Beach rocks are formed both in tropical and temperate environments. 



 

   Microfacies                                                                                                    Dr. Salah A. Hussain 

7 

 

 

Peritidal Environments 

 

Peritidal carbonates are sediments formed 'around the tides' (Folk 1973, Wright 1984) 

and include deposits formed in supratidal, intertidal and shallow subtidal areas. The 

term describes sedimentation on low-energy tidal zones, especially on tidal flats 

accreting from the shorelines of land areas or around islands, and on shelves, 

platforms and ramps. Hardie and Shinn (1986) defined ten basic features 

characterizing tidalflat deposition: 

 

(1) Carbonate tidal flats occur in settings which are protected from open ocean 

waves. Protection from the open ocean can be caused by wide shelf lagoons, 

dampening the incoming waves (e.g. Andros tidal flats on the Great Bahama Banks), 

a position behind barrier islands that separates back reef lagoons from the open ocean 

(e.g. Abu Dhabi, Persian Gulf), or within restricted embayments (e.g. Shark Bay, 

Australia). 

(2) The basic physiography of the tidal-flat system is determined by the scale of the 

tidal ranges. 

(3) Tidal flats are subdivided into three depositional ecological zones by the daily 

oscillations of the tides. 

(4) Tidal flats are partly sea and partly land. They are affected by steep gradients of 

environmental conditions resulting in an extreme rich variety of sedimentary, early 

diagenetic and paleontological featurs recorded in carbonate rocks. 

(5) Owing to the large number of combinations of circulation, salinity, tides and 

climate, care must be taken, to use just a sngle 'model' in describing ancient tidal 

deposits. 

(6) Tidal flats are wave-protected and, therefore preferential sites for the 

accumulation of mud. Offshore mud is transported shoreward onto tidal flat currents 

and storms, and mud can also be produced on supratidal flats. 

(7) Carbonate tidal flats nucleate on a continental mainland (Persian Gulf), isolated 

islands with a lagoon (Florida Bay), and platform-margin islands (Great Bahama 

Banks). 

(8) Warm and clear waters of shallow tropical environments are conducive to the 

prolific growth of algal and microbial mats which influence carbonate deposition 

by binding, trapping and precipitation in supra and intertidal zones. 

(9) Early cementation is crucial in the preservation of primary structures and textures. 

(10) Carbonate tidal-flat facies typically occur as stacked cycles, each ideally 

composed internally of an upward succession of subtidal to intertidal to supratidal 

units. 
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There are three types of carbonate minerals which forming the carbonate rocks, these 

are: 

1- Calcite (CaCo3) 

2- Aragonite (CaCo3) 

3- Dolomite CaMg (Co3)2  

 

Three factors are control the formation of carbonate rocks minerals: 

1- Temperature. 

2- PH index. 

3- Partial pressure. 

 

 

The form of calcium carbonate crystals was controlled mainly by crystallization rate 

of calcium carbonate and solution contents of magnesium and sodium.  

Most of calcium carbonate sediments are organic source. 

The non-organic calcium carbonate is form where there are no organisms in the 

environment. 

 

Carbonate rocks precipitate through three ways: 

 

1- Biological. 

2- Chemical. 

3- Biochemical. 

 

Shallow-Marine Sedimentary Environments: 'Shallow' and 'Deep': 

 

Geologists reconstructing ancient depositional environments like to distinguish 

between marine 'shallow-water' and 'deep-water' carbonates, but have a lot of trouble 

doing so. Microfacies analysis assists in overcoming these difficulties. 

Common criteria used by marine geologists and biologists in distinguishing 'shallow-

marine' from 'deep-marine' environments in modem oceans are the shelf break and 

the lower boundary of the well-illuminated zone. Another important boundary level is 

the storm wave weather base. Shallow seas occur above the continental shelf and 

include marginal-marine and marine environments, both in pericontinental and 

epicontinental settings. Deep-marine sea bottom environments are located on the 

slope, at the toe-of-slope and within basins. 

Deep sea' as used in marine biology to mean that part of the marine environment that 

lies below the level of effective light penetration for phytoplankton synthesis in the 

open ocean (photic zone), and deeper than the depth of continental shelves 

(corresponding approximately to > 200 m). The upper part of the deep sea retains 

some light (disphotic zone). The permanently dark region below sunlit waters is the 
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aphotic zone which starts in temperate waters at rather shallow depths (about 100 m), 

and in tropical waters at deeper depths (about 600 m). 
 

Pericontinental vs Epicontinental Shallow Seas 

 

Most modem shallow seas cover shelves around the margins of the continents. These 

pericontinental seas differ strongly from the epicontinental (epeiric) setting of many 

ancient shallow seas. Epeiric seas occupied extensive areas of the continental interior 

or the continental shelf. They differ from pericontinental seas with regard to wave 

and current regimes, sediment input and sea level controls. Modem examples of 

epeiric shelf seas are rare in contrast to the geological record, where epeiric carbonate 

platforms and ramps were common. 

 

Carbonate Shelves, Ramps and Platforms 

 

Carbonate depositional models developed in the 1960s and early 1970s were strongly 

based on modem analogues from the Bahamas, Florida, the Yucatan and the Persian 

Gulf (Wilson 1975). These models describe sedimentation patterns onshelves 

characterize by the deposition of shallow-water sediments on flat platform tops, and 

by significant rims marked by reefs or shoals near the shelf break. Ahr (1973) noted 

that the 'rimmed shelf' model does not fit many ancient carbonate successions, and 

that a different model was necessary, especially for the epeiric shallow-water 

carbonates (Irwin 1965). 

The term carbonate ramp was adopted to describe a gently sloping depositional 

surface which passes gradually without slope break from a shallow, high-energy 

environment to a deeper, low-energy environment. A ramp is attached to a shoreline 

at one end and to correlative basinal beds at the other end. Figure (3) exhibits the 

basic differences between rimmed and unrimmed shelves (platforms) and ramps with 

respect to the position of the optimum carbonate production (carbonate factory) and 

sediment transport. 
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Figure (3) Rimmed and non-rimmed carbonate shelves (platjbrms) and ramps (slightly modified 

after James and Kendall 1992). Note the different position of the 'carbonate factories' at the 

seafloor. Carbonate factories (James 1979) are subtidal areas characterized by high carbonate 

production by predominantly benthic organisms. The optimum autochthonous carbonate production 

on rimmed platforms occurs near the platform margin and behind the margin. On ramps optimum 

areas of carbonate production are distributed over the entire extension of the ramp. Rimmed and 

unrimmed platforms are common in tropical and subtropical sunlit waters, today approximately 30" 

N and S of the equator, where the carbonate factory is primarily controlled by high water 

temperatures favoring phototroph carbonate-secreting organisms. 

Ramps are common in cool-water zones, extending polward from the limit of the tropical factory to 

polar latitudes, and characterized by the dominance of heterotroph organisms. 

Schlager (2000) differentiated a third carbonate factory (mud mounds), characterized by the in-situ 

production of biotically induced and abiotic carbonate mud. 

 

Today the terms shelf, ramp and platform are used in describing the setting and 

depositional geometry of shallow-marine carbonates. 

The term platform described shallow-marine carbonate bodies with flat tops and steep 

flanks, formed by the accumulation of sediment on the shelf or in the ocean. Today 

the term often is used rather loosely for thick, often flat-topped sequences of shallow- 

marine carbonates. Steep-sided flanks are not necessarily definition criteria. Many 

authors regard carbonate platform as a very general term that includes ramps, shelves 
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and various types of flat-topped platforms or they use the term if they cannot yet 

make an assignment to any of these categories. 

'Carbonate shelf' characterizes a carbonate depositional system which develops a 

constructional relief above the sea floor and is bordered on the shoreward side by 

marginal-marine or continental sediments, and offshore by slope and basinal 

sediments. The transition from shallow water to basin occurs over a relatively short 

distance and is marked by a distinct break in the slope. In this definition the term 

means the same as 'attached platform' a term, sometimes used for platform settings 

starting at the coast and continuing offshore. 

One of the major tools of microfacies studies is the understanding of ancient facies 

belts and depositional areas related to particular marine settings. 

This aim requires the differentiation of well-defined categories. Figure (4) exhibits 

sketches and definitions of broad categories of shallow-marine depositional settings. 

 

 

 

 

 
Rimmed carbonate shelves: Shallow pericontinental flat-topped platforms. Outer wave-agitated edge 

characterized by morphological rims (barrier reefs, shoals, islands) that absorb wave action and a 

pronounced break of slope into deeper waters. Rimmed shelf margins comprise accretionary, bypass and 

erosional margins. High-energy facies occurs predominantly at the outer shelf margin. Widths typically a 

few to about 100 km. Modern examples: Queensland Shelf ofeastern Australia with the Great Barrier Reef, 

South Florida Shelf, Belize Shelf, Gulf of Suez. 

 

 

 

 

 

 
Non-rimmed carbonate shelves: Shallow platforms without a pronounced marginal barrier.  Characterized  

by open water circulation.  The term includes 'open carbonate platforms' as well as carbonate ramps. Widths 

a few to more than 100 km. Modern examples: western Florida, Yucatan, Brazil. Atlantic, common  in  cool- 

water settings. 

 

 

 

 
 

Homoclinal ramps: Shallow epeiric and pericontinental platforms characterized by gentle uniform 

depositional slopes, passing downwards from a shallow nearshore high-energy facies offshore into a more 

muddy deeper-water facies without a marked break in slope. The angle of slope is commonly less than 1 "(of 

the order of a few meters per kilometer), but steeper dips may occur. Width between 10 and > 100 km. 

Modern examples: Trucial Coast of the Arabian Gulf, Shark Bay of Western Australia.
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Distally steepened ramps: Similar to homoclinal ramps, but with a distinct increase in gradient in the outer, 

deep ramp region. Width between 10 and 100 km. Modern -e1xamples: Northea eastern Yucatan, western 

Florida 

 

 

 

 

 

 

Epeiric platforms: Very extensive, flat, cratonic areas covered by shallow seas. Dmlinated by shallow 

subtidal-intertidal  low-energy facies and tidal flat cycles. The oceanward margin can be gentle (ramp-like) 

or steep (shelf-like), and can be rimmed. Width between 100 and 10 000 km. No good modern examples 

of epeiric platforms exist. 

 

 

 

 

 

 

 

 

 

Isolated carbonate platforms: Isolated or detached shallow-water platforms, offshore from continental 

shelves surrounded by deep water. Platform margins partly with reefs and sand shoals, platform interior with 

low-energy facies and tidal flats. Most isolated platforms have steep margins and slopes into deep and very 

deep water. Widths between 10 and 100 km. Modern examples: Bahama Bank, Glovers reef \Belize. 

 

 

 

 

 

 

 

 

 

 

Oceanic atolls: Formed on extinct, subsiding volcanoes that rise several hundreds to thousands of meters 

from the deep ocean floor. Characterized by raised reefal rims, steep outer slopes and low coral islets 

encircling shallow and deep lagoons with pinnacle reefs. The circular or elliptical structures are surrounded 

by deep water of the open sea. Atolls range in diameter between less than 1 km to more than 130 km. 

Modern examples: Maldive Islands, Indian Ocean. Common in the western and central Pacific Ocean. 
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Drowned carbonate platforms: Rapid sea-level rises, strong subsidence, or drastic reduction in carbonate 

productivity as result of environmental stress can cause complete or incipient drowning of rimmed shelves, 

ramps and isolated platform. Pelagic platforms are drowned fragments of an ancestor shallow-marine 

platform. Modern examples: Atolls in the Pacific and Indian Ocean, Blake Plateau north of the Bahamas. 

 

 

Figure (4) Carbonate platforms: Broad categories 

 

Shelf Margins 

 

The boundary between the shelf and the continental slope is marked by the 'shelf 

break', a point at the shelf edge where a significant change in gradient occurs in the 

outermost edge of the continental shelf (Stanley and Moore 1983). Carbonate shelf-

slope breaks are stationary, offlap or onlap. Many carbonate shelf and ramp margins 

are characterized by reefs or by sand banks (Wilson 1974; Halley et al. 1983; James 

and Mountjoy 1983) which are the line source provenance of most deep-water 

resedimented carbonates (Schlager and Chermak 1979). Platform margins are 

subdivided into depositional margins, by-pass margins and rimmed margins. 

Depending on the geometry of the shelf margin and the declivity of the slopes, 

depositional and by-pass margins and slopes can be differentiated. Depositional 

margins exhibit a low relief from platform to slope and basins; by-pass margins are 

characterized by a steeper relief triggering the deposition of most platform-derived 

sediment on lower slopes, toe-ofslopes and in adjacent basin plains.  

 

Reefs 

 

Reefs are singled out from the broad spectrum of marine environments because of the 

dominating role of benthic organisms in the formation of these structures. 

Modem reefs originate predominantly in shallow-marine environments. 

 

Deep-Marine Environments 

 

Settings 

 

Oceanic deep-marine settings beyond the shelf break bordering pericontinental 

shelves include the slope, the base-of-slope and continental rise, the abyssal plains, 
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mid-oceanic ridges, oceanic rises and volcanic seamounts, as well as deep-sea 

trenches. Deep-marine environments, however, also comprise parts of the deeper 

areas of peri- and epicontinental open shelves and of outer ramps, lying below the 

storm wave water base, and below the lower boundary of the well-lit zone. 

The bottom of the modem oceans comprises three bathymetrically defined zones 

(Fig. 2). 1- The bathyal zone lies to the seaward of the shallower subtidal shelf zone 

and landward of the deeper abyssal zone. The upper limit is marked by the edge of 

the continental shelf. 2- The abyssal zone seaward of the bathyal zone covers 

approximately 75% of the total ocean floor. It pertain the nearly flat deep-sea plains. 

Abyssal plains are usually covered by thin deposits of pelagic ooze or distal 

turbidites. The lower limit of the zone is bathymetrically only loosely defined. The 

deepest area of the sea bottom, 3- The hadal zone, lies specifically within the deep-

sea trenches below the general level of the abyssal zone, in depths between >6 000 

and more than 10 000 m. These marginal trenches are narrow, steep-sided troughs 

running parallel to continental margins at seaward base of a continental platform. 

 

Sedimentation Processes 

 

Sedimentation in the deep sea is controlled by four major processes: 

 

(1) Settling of marine pelagic and windblown material from the water column. 

(2) bottom transport by gravity flows including turbidity currents, debris flows, grain 

flows, and slumping. 

(3) redeposition of the sediment by geostrophic bottom currents including contour 

currents. 

(4) chemical and biochemical precipitation on the sea floor. The first process is 

responsible for the deposition of pelagic sediments, the second one for the formation 

of a broad spectrum of resediments. 

 

 

 

 

Pelagic Sedimentation 

 

Biogenic deep-sea sediments are formed by the remains of pelagic organisms 

contributing to the formation of carbonate or siliceous oozes and muds. 

The term 'pelagic' means 'of the open sea' and refers to marine nektonic or planktonic 

organisms whose environment commonly is the open ocean. Large terrigenous 

sediment input and submarine volcanism cause mixtures of biogenic material and 

terrigenous clays resulting in the formation of fine-grained muddy, ' hemipelagic 

sediments'. 

The character of the biogenic sediment depends on the supply of the biogenic 

material, the dissolution at and near the sea-bottom and in the water column, the 
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dilution of the sediment by non-biogenic components, and alterations during 

diagenesis: The supply depends on the fertility of the pelagic organisms, which in 

turn is related to the availability of nutrients. Both nutrients and sunlight control the 

primary production.  

 

Resedimentation ('Allochthonous Carbonates') 

 

Downslope gravity transport along deep-marine slopes occurs by various processes 

including rockfall, slumping, sliding, and sediment gravity flows. 

Subaqueous rockfalls occur in areas with very steep topography producing talus and 

scree deposits at the base of slopes. 

A slump is a downslope translocation of a sediment parcel along discrete shear 

planes. In slides, large blocks move on only a few slippage planes. Both slumping 

and sliding are controlled and triggered by high rates of sedimentation creating 

oversteep slopes and differential compaction, structural changes (e.g. effect of salt 

domes) as well as by earthquakes. In sediment gravity flows, the sediment is 

transported downwards under the influence of gravity. 

The sediments are transported by different mechanisms: 

In 'grain flows', the sediment is supported during transport by direct grain to grain 

interactions. In 'debris flows' larger grains are supported by a matrix consisting of a 

mixture of fine sediment and interstitial fluid. 

In 'turbidity currents', the sediment is supported mainly by the upward component of 

fluid turbulence. The resulting deposits differ in grain size, sorting, texture and 

sedimentary structures. Because turbidity currents are episodic, the resulting 

turbidites are interbedded with finer pelagic sediments representing the background 

sedimentation.  
 

Carbonate Plankton and Carbonate Oozes 

 

Carbonate oozes cover about 50% of the modem ocean floor. They are deposited on 

deep-sea plains, submarine rises, ridges and plateaus. Modem carbonate oozes 

consisting of the shells of minute drifting planktonic organisms comprise 

foraminifera1 ooze, nannofossil ooze and pteropod ooze: Foraminifera1 oozes are 

dominated by tests of sand-sized planktonic foraminifera (Pl. 73/10) occurring within 

carbonate mud consisting of calcareous nannofossils. Nannofossil oozes or coccolith 

oozes are very fine-grained muds composed predominantly of remains of planktonic 

algae (Chrysophyta: Coccolithophorida; P1. 713-5). Pteropod oozes are restricted o 

shallow tropical areas in depths < 3 000 m. They consist of aragonitic shells of 

planktonic gastropods (pteropods and heteropods). The carbonate production is 

greatest in surface waters with high biological productivity caused by upwelling. 

Production and growh rates of pelagic foraminifera and coccolithophorids are 

different. 
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Preservation Potential and Dissolution Levels 

 

In modem oceans carbonate sediments are largely absent below depth of about 4500 

m. High hydrostatic pressure, low water temperature and high partial pressure of C02 

lead to dissolution and significant differences in the carbonate preservation potential 

of deep sea sediments. These differences have been used to distinguish two levels: 

(1) The lysocline, defined as the depth that separated well-preserved from poorly 

preserved planktonic assemblages and where a noticeable decrease in the percentage 

of carbonate occurs. Because calcareous microfossils dissolve at different rates, three 

types of lysoclines are used: the pteropod or aragonite lysocline (ALy), defining 

significant dissolution of aragonite material occurring in relatively shallow depths; 

and the foraminifera1 lysocline and the coccolith lysocline (calcite lysocline, CLy), 

defining the significant dissolution of calcite material in greater water depths. 

(2) The calcite compensation depth (CCD) is defined as the depths at which calcite 

microfossils and carbonate are largely absent. The depth of the CCD in modem 

oceans varies between about 4 200 and 5 400 m, with a mean depth of about 4500 m. 

At that level, the rate of dissolution balances the rate of accumulation. 

 

Carbonate sedimentation in marine environments: 

 

The sedimentation of carbonate rocks will be controlled by the properties of marine 

environment from the biological and geographical view and the shape of oceanic 

rims. 

The carbonate sediments are precipitate in shallow and deep water environments. 

The carbonate sediments in the shallow water were controlled by the temperature and 

salinity of water (Warm - water carbonate).   

The development of Warm - water carbonate in the subtropical carbonate marine 

shelves is including two types: 

1- Protected shelves or Lacostraine shelves (about 10 m) and it is closed and 

restricted by reef. 

2- Unprotected or open shelves (140 -230 m) it is tilted toward the open marine. 

   

We will explain each of carbonate sediments environments. 

 

Shallow water carbonates (littoral): 

 

1- Coral reefs: there are (4) environmental factors of coral reefs, these are: 

 A- Water temperature between (23-27ₒ C). 

 B- Water depth between (30-40 m). 

C- Salinity between (30-40 ‰). 

D- High water energy. 

 

Reef zones are divided as below: 
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Petro graphical components of Microfacies

Partical
Groundmass

Pore

Skeletal
Non 

skeletal
SpariteMicrite

MICROF
OSSILS

1- OOLITE 
2- PELLETS
3-PELOIDS
4- ONKOID

5- AGREGATED 
GRAINS

FABRIC 
SELECTIVE

NOT 
FABRIC 

SELECTIVE

1-Fore reef: the zone between the top of the reef and the minimum level of reef 

growth (40 m). 

2- Reef flat: frontal zone of the reef. 

   

2- Lagoons: restricted shallow marine water which connected with the open marine 

through the reef. 

 It is divided depend on salinity into three classes: 

A- Normal: there is a sudden change in its salinity into normal saline in spite of 

connection with the marine. 

B- Brackish water: the area where the fresh water mixed with marine saline water 

(estuary). It has salinity between (10-15 ‰). 

C- Hypersaline: the salinity is more than (45 ‰) due to low water circulation and 

high evaporation. 

  

 

There are three elements of microfacies characters: 

 

1- Groundmass 

2- Particles 

3- Pores 
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Microfossils Shape in Microfacies: 

 

Needle, Segmoidal, Pranch, Chamber, Massive, Incarsted 

 

Pore types in microfacies: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pore types 
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Classification of Microfacies: 

1- Folk Classification 
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2- Dunham Classification: Based on Depositional Texture 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fossiliferous limestones classification after Dunham (1962) and Folk (1959,1962). Both 

classifications distinguish allochthonous limestones (mudstone, wackestone, packstone, grainstone) 

and autochthonous limestones (here called boundstone or biolithite). Limestones whose components 

were deposited as discrete grains are grouped according to mud-support or grain-support and the 

abundance of grains. The Dunham classification stresses the depositional fabric; the Folk 

classification tries to evaluate hydrodynamic conditions. Both classifications consider the 
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dominating groundmass types. Note the divergent categorization of limestones with abundant, 

densely packed grains and a fine-grained matrix or mixed fine-grained sparry groundmass 

(packstone). 
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Facies Model: 

 

Evolution of Carbonate Sequences 

Summary 

Variations in carbonate depositional settings through time produce corresponding 

changes in their lateral and vertical facies geometry. High frequency changes in 

facies are induced by sea level, and climate, whereas long-term low frequency 

changes are commonly related to paleo-geography and plate configurations or the 

evolutionary changes in the carbonate producing organisms.  

 

Controls on Carbonate Deposition: 

 

The geometry and facies relationships of carbonate accumulations are closely tied to 

the paleogeographic setting and changes in that setting through time, particularly 

water depth variation. Paleolatitude and clastic influx are major influences on the 

distribution of the carbonates, with facies largely controlled by the proximity of the 

depositional basin to open marine circulation and the position of the depositional 

setting within the basin. Carbonate sediments and their associated buildups are 

largely products of organisms whose evolution has a significant influence on 

carbonate deposition. Wilson (1975) reviews in detail some of the similarities and 

differences that occur in carbonates of different ages. 

 

 

Fine-Grained Carbonate Matrix: 
Micrite, Microspar, Calcisiltite 

 

Definition: The term matrix denotes the interstitial material between larger grains. 

Most definitions refer to the relatively small size of the crystals and/or particles 

bordering intergranular pores. Hence the matrix of micro-grained limestones includes 

fine-grained material such as micrite, microspar and calcisiltite. A common 

generalization is that 'matrix' is synonymous with 'groundmass', but some authors use 

these terms to designate both fine-grained interstitial material (e.g. micrite) as well as 

coarse interstitial crystal fabrics (e.g. sparite formed by cementation or neomorphic 

processes, see Sect. 7.6). This contradicts the limitation of the term matrix to 

'mechanically deposited material between particles - as distinct from precipitated 

cement' (Bathurst 1975). One should be cautious about regarding all fine-grained 

interstitial material as synsedimentary matrix: Intensive micritization, compaction 

and neomorphism of mixed carbonate/siliciclastic deposits as well as alterations of 

peloids may lead to the formation of a carbonate pseudomatrix . 

 

 

 

 

http://www.sepmstrata.org/page.aspx?&pageid=93&4
http://www.sepmstrata.org/page.aspx?&pageid=93&4
http://www.sepmstrata.org/page.aspx?&pageid=93&4
http://www.sepmstrata.org/page.aspx?&pageid=93&4
http://www.sepmstrata.org/page.aspx?&pageid=93&4
http://www.sepmstrata.org/page.aspx?&pageid=93&4
http://www.sepmstrata.org/page.aspx?&pageid=93&4
http://www.sepmstrata.org/page.aspx?&pageid=93&4
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Micrite 

The term 'micrite' is the abbreviation of 'microcystalline calcite'. Originally, 'micrite' 

was proposed as a genetic term referring to lithified mechanically deposited lime 

mud. 

This broad definition even includes 'microcrystalline cement' and 'micrite cement', 

precipitated as micron-sized Mg-calcite in reefs, beachrocks, hardgrounds and 

caliche, and occurring in primary mud-free, grainsupported sediments of carbonate 

slopes. 

 

The term microspar (microsparite) refers to a calcite matrix with rather uniform 

crystal size and equant crystal shape. The origin is explained by the recrystallization 

of micrite-sized calcite crystals during Recrystallization or as one-step process of 

cementation and calcitization of aragonite precursors. 

 

Modes of Formation of Micrite and Other Fine-Grained Matrix Types: 

 

Inorganic micrites: 

 

(1) Physicochemical precipitation: Initially, the microcrystalline matrix of limestones 

was considered a 'chemical' rock, precipitated directly from seawater. 

This view was based on the interpretation of carbonate muds in hypersaline lagoons 

of the Bahamas as an exclusively physicochemical precipitation of Mg-calcite and 

aragonite in conjunction with high salinity and extreme temperature. 

 

(2) The microbialites are formed under dark conditions. Phototrophic organisms are 

absent. The most important factor controlling the formation of organomicrite is the 

presence of large amounts of specific organic macromolecules.  

 

Calcisiltite 

Definition: The name was proposed by Kay (195 1) for limestones consisting 

predominantly of detrital calcite particles of silt size (2-63 µm).  

Calcisiltite embraces the coarser part of 'calcilutite' (Grabau 1904) which designates a 

fine-grained rock composed of clay and silt-sized carbonate particles. 

 

Carbonate Grains: 

 

Various names are in use for organic and non-organic particles of limestones that are 

larger than the groundmass: Grains, particles, constituents, and 'allochems'. 

The last term is a collective term for mechanically deposited grains that have 

undergone transportation in most cases (Folk 1962).  
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Small micritic grains, commonly without internal structure.                                                    

Subrounded, spherical, ovoid or irregular in shape. Size between <0.02 

and about 1 mm, commonly 0.10 to 0.50 mm. 
 

Rounded skleletal grains and other grains covered by a thin micrite 

envelope. Boundary between the central grain and the envelope 

indistinct. Size between <I mm to a few centimeters. 
 

Large and small grains consisting of a more or less distinct nucleus (e.g. a fossil) 

and a thick cortex formed by irregular, non-concentric, partially overlapping 

micritic laminae. Laminae may exhibit  biogenic structures. No tendency to 

increase sphericity during growth. Size from <l mrn to a few decimeters. 
 

Spherical or ovoid grains, consisting of smooth and regular laminae formed as 

successive concentric coatings around a nucleus. Laminae may exhibit tangential 

and radial microfabrics. Size between 0.20 and about 2 mm, commonly 

between 0.5 and 1 mm. 
 

Large subspherical and irregularly shaped grains, consisting of a mostly 

nonbiogenic nucleus and a thick cortex formed by conspicuously, often densely 

spaced laminae exhibiting tangential and radial microfabrics. Pisoids occur as 

isolated grains or are incorporated in crusts. Size generally >2 mm, up to >1 cm. 

 

Compound grains consisting of two or more originally separated particles (e.g. 

ooids, skeletal grains) that have been bound and cemented together, forming 

grape-like or rounded lumps. Intergrain spaces filled with micrite or spar. 

Outline irregular lobular or rounded. Size 0.5 to more than 2 mm. 
 

Synsedimentary or postsedimentary lime clasts, reworked partly consolidated 

carbonate sediment or already lithified material. Shape and size are highly 

variable: angular to rounded. Size ranges between <0.2 mm and several 

decameters. Very small clasts are hardly distinguishable from peloids. 

 

Fragmented or complete skeletons of organisms. Size from 0.05 mm to many 

centimeters. 
 

 

 

Terminology of Carbonate Grains 
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Bioclasts (Skeletal Grains): 

 

Originally, the term bioclast was used for fossils which were transported, broken and 

abraded and which became part of the organic debris (Grabau 1920). Today, the term 

has a rather vague meaning in the context of microfacies studies, and is commonly 

used for fossils, seen in thin sections, regardless of whether the fossils are fragmented 

(e.g. crinoid ossicles or broken shells) or still completely preserved (e.g. double-

valved bivalves). The latter have been assigned to biomorph. The term skeletal grain 

is synonymous with the term bioclast. 

 

Resediments: lntra-, Extra- and Lithoclasts - Insiders and Foreigners: 

 

The redeposition of material derived from preexisting carbonate sediments and rocks 

is a common process in marine and non-marine environments. Reworking and 

redeposition can take place early and contemporaneous with sedimentation, or late 

and post-depositional. 

Syn- and postsedimentary reworking and erosion produce carbonate clasts. These 

clasts reflect environmental conditions within the depositional basins as well as the 

input of material brought into the basins. 

 

An intraclast is a carbonate fragment of lithified or partly lithified sediment, derived 

from the erosion of nearby penecontemporaneous sediment from within the basin and 

redeposited within the same area. 

 

An extraclast is a fragment of carbonate rock derived from the erosion of an exposed 

ancient limestone on land outside the depositional basin in which it is found. 

 

Resediments: Intra-, Extra- and Lithoclasts 

 

A clast is an eroded and redeposited particle. These processes can take place within 

the sedimentary basin producing 'intraclasts'. Erosion of an older lithified sediment 

from outside the basin in which this particle now becomes deposited produces an 

'extraclast'. The term 'lithoclast' was originally coined for erosional 

detritus brought from an outside source into the basin (= extraclast), but is now 

frequently used for both intra- and extraclasts, when the genetic origin is unknown. 

Processes producing intraclasts are currents (e.g. storms); desiccation of muds; local 

sliding; burrowing and grazing activities of organisms; redeposition of carbonates 

formed in association with coastal vegetation (black pebbles) and diagenetic changes 

in volume during dehydration, compaction, or leaching. 

'Clast analysis' (the study of microfacies, fossils and geochemical signatures of the 

clasts) has become an essential approach in basin analysis. It provides data on the 

long-term history of sedimentation and basin development. 
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Diagenetic Processes and Controls: 

 

Major diagenetic processes affecting carbonate sediments and rocks are micritization, 

dissolution and cementation, compaction, neomorphism, dolomitization, and the 

replacement of carbonate grains and matrix by non-carbonate mineralogies (e.g. 

silicification and certification. 

Dissolution: Undersaturation of pore fluids with respect to carbonate leads to 

dissolution of metastable carbonate grains and cements. Dissolution is particularly 

effective in shallow near-surface meteoric environments, in deep burial and cold 

waters as well in the deep sea where seawater becomes undersaturated with respect to 

aragonite and Mg-calcite. 

How to estimate dissolution effects? Use fossils as reference base. Many fossils (e.g. 

mollusks, corals, calcareous algae) have well-defined skeleton mineralogies and 

microstructures. Use the alterations in these criteria to reveal dissolution processes.  

Cementation comprises processes leading to the precipitation of minerals in primary 

or secondary pores and requires the supersaturation of pore fluids with respect to the 

mineral. 

Compaction and pressure solution (stylolitization) refer to mechanical and 

chemical processes, triggered by the increasing overburden of sediments during 

burial and increasing temperature and pressure conditions. 

Neomorphism is a term summarizing all transformations taking place in the presence 

of water through dissolution-reprecipitation processes between one mineral and itself 

or a polymorph. 

Recrystallization refers to changes in crystal size, crystal shape and crystal lattice 

orientation without changes in mineralogy. The term is often used in a very loose 

manner. 

 

Dolomitization is a process whereby limestone or its precursor sediment is 

completely or partly converted to dolomite by the replacement of the original CaCo3 

by magnesium carbonate, through the action of Mg bearing water. 

 

Major controls on carbonate diagenesis are mineralogy and crystal chemistry, the 

chemistry of pore waters, water movement, dissolution and precipitation rates, grain 

size, and the interaction with organic substances. 

The extent and path of diagenetic reactions are determined by the thermodynamic 

stability of carbonate minerals being dissolved or precipitated. 

 

Major Diagenetic Environments: 

 

Diagenetic environments are surface or subsurface zones affected by specific 

diagenetic processes and typified by assemblages of characteristic criteria that can 

be studied in thin sections and by geochemical methods. 
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Figure (7) Major diagenetic environments. A -Simplified scheme. Many of the studies dealing 

with the diagenesis of carbonate rocks are environment-specific and concentrate on processes 

affecting particular hydrogeochemically defined diagenetic environments. Carbonate diagenesis 

operates in the meteoric environment, the marine environment and the burial environment. 

In the meteoric environment pore space is occupied by freshwater and air (meteoric vadose zone 

above water table; hatched) or by freshwater (meteoric phreatic zone). The marine-vadose zone at 

the land-sea boundary and the mixing zone in coastal areas and shallow near-coastal subsurface 

exhibits meteoric and marine criteria. In the marine phreatic environment water is supersaturated 
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with respect to CaC03 in shallow seas and undersaturated in cold and deep seas. The subsurface 

burial environment comprises the subsurface beneath the reach of surface-related processes down 

to the realm of low-grade metamorphism. Conventionally shallow burial and deep burial are 

differentiated. The term near-sulface diagenesis refers to processes at or close to the sea floor and 

in the meteoric environment within the reach of surface-related processes related to depositional or 

weathering interfaces. Here, cementation is highly facies-specific. The terms eogenic, mesogenic 

and telegenic, refer to early near-surface, burial and uplift/unconformity-related processes. 

B - Major processes occurring in different diagenetic environments. The time involved in diagenetic 

processes varies significantly in different diagenetic zones. Early diagenetic solution/precipitation 

processes in meteoric vadose and shallow marine phreatic environments need far less time than late 

diagenetic deeper burial diagenesis, which can last millions of years. 

Similarly, unconformity-related meteoric phreatic processes may continue over very long time 

intervals. Early cementation in intertidal and shallow subtidal environments occurs within a range 

of almost recent to several tens to a few thousand years. 

Synsedimentary botryoidal cements on marginal slopes of platforms may grow over several tens of 

years, resulting in synsedimentary stabilization of steep carbonate slope deposits at or above angles 

of repose. 

 

Meteoric, Marine and Burial Diagenesis: 

The location of the major diagenetic environments is shown in Fig. (7), the processes 

that control these environments in Fig. (8). Diagenetic zones pass vertically and 

laterally into others. Many carbonate rocks have changed from one diagenetic zone to 

another during their history because of sea-level fluctuations, tectonic movements, 

and increasing or decreasing burial. 

 

Meteoric (Freshwater) Diagenesis 

Meteoric is a Greek word meaning freshwater derived from the Earth's atmosphere. 

Freshwater diagenesis takes place in continental areas, along shelf margins, upon 

platforms with islands, and on atolls or isolated platforms where sediments rise above 

sea level. 

 

 
 

 

 

 

 

 

 

 

 

Fig. (8). Relationships of major diagenetic environments in the shallow subsurface of an ideal 

permeable carbonate sand island. Differences in pore space fluids and in the possibility for 

circulation of pore waters cause different dissolution and precipitation processes, which are 

recorded by specific types and assemblages of carbonate cements. The subaerial sediments of the 

meteoric vadose zone are affected by rain water. Sediments in the meteoric phreatic zone are 

subject to active water circulation (e.g. inner ramps, outer platforms, and wind-ward parts of reefs) 

or stagnant conditions (e.g. lagoons, deeper ramps). 
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 Mixing Zone and Marine Vadose Environment: 
 

The mixing of waters with dissimilar chemistries has the potential for geochemical 

activity. Specific diagenetic conditions characterized by the mixing of meteoric and 

marine waters may exist in shallow subsurface near-coastal settings (mixing zone) 

and at the coastal interface of land and sea (marine beaches, shoreface), characterized 

by rapidly changing conditions (marine vadose environment). The mixing of waters 

in the mixing zone may be partly responsible for the precipitation of aragonite and 

dolomite cementation in vugs. 

 

Marine Diagenesis: 

 

Marine phreatic diagenesis takes place at the shallow or deep sea floor or just below, 

and on tidal flats and beaches. High hydrostatic pressure, low water temperature, 

and high partial pressure of CO, in the deep sea lead to dissolution and to significant 

differences in the calcium-carbonate preservation of deep-sea sediments. These 

differences are used to distinguish two dissolution levels, the lysocline and the calcite 

compensation depth. 

 

Burial Diagenesis: 

 

Burial environments are conventionally subdivided into shallow burial and deep 

burial, but the boundary is by no means well defined. The shallow burial zone 

includes the first few meters to tens of meters of burial. Shallow burial near-surface 

diagenesis are influenced by changing pore water chemistry in the mixing zone, 

temperature and pressure processes. 

Pore water composition in deep burial environments differs substantially from that of 

shallow diagenetic environments, where cementation usually takes place in dilute 

meteoric waters that are oxic or only slightly reducing. 

 

Porosity of Carbonate Rocks: 

 

Porosity is the percentage of the bulk volume of a rock that is occupied by Interstices, 

whether isolated or connected. This definition describes the total porosity which must 

be separated from the effective porosity. The latter is the percentage of the total rock 

volume that consists of interconnected pores. Many carbonate rock no longer exhibit 

open pores. 

 

Permeability determines the ability of a fluid to pass through a porous medium. It is 

measured as the rate at which fluids pass through a sediment or rock. Permeability is 

calculated according to Darcy's Law and commonly expressed in millidarcy. It is 

largely related to the size and shape of conducting pore spaces. 
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Terminology of Dolomite: 

 

Various terms are in use for describing the amount of dolomite contents in carbonate 

rocks. The definition of these terms is not uniform and sometimes vague: 

The use of the term dolomitized may (a) simply indicate that dolomitization has 

converted limestones wholly or partly to dolomite rocks or dolomitic limestone, or 

more specifically, (b) that the rock contains more than 10% replacement dolomite 

(Folk 1959). 
 

Dolomitic refers to (a) a dolomite-bearing or dolomite-containing rock that contains 

different amounts of the mineral dolomite. Dolomitic limestones yield a conspicuous 

amount of the mineral dolomite, but calcite is more important. The opposite is a 

calcareous dolomite. 

 

Dedolomitization 

 

Dedolomitization is the diagenetic replacement of dolomite by calcite, particularly 

under the influence of meteoric water and porewaters of different composition, and 

often resulting in the formation of secondary porosity. This process affects marine, 

lacustrine, and terrestrial carbonates and occurs in meteoric and burial diagenetic 

environments. 

 

Origin of Dedolomite 

 

Two general mechanisms have been proposed – a reaction of dolomite with calcium 

sulfate solutions. The sulfate ions needed for the reaction are believed to be derived 

from the oxidation of pyrite or from gypsiferous solutions. Near-surface 

dedolomitization is often related to dissolution of gypsum and dolomite in vadose or 

phreatic meteoric waters. 

 

Significance of Dedolomitization 

1- Recognizing subaerial exposure and unconformities: 

Most authors consider dedolomitization to be a nearsurface process related to 

weathering. Laterally continuous dedolomitized horizons, therefore, may indicate 

the presence of unconformities. 

2-Porosity development:  

Dedolomitization can increase moldic and intercrystalline porosity, forming reservoir 

rocks. Open dolomolds may be indicative of subaerial exposure and freshwater 

effects. 

 

 
 

 


