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6. Carbonate Sedimentary Rocks

Carbonate rocks make up 20-25% sedimentary rocks and 
can be divided into:
Limestone: composed mainly of calcite mineral - CaCO3 
Dolomite: composed mainly of dolomite mineral -CaMg(CO3)2

Mesozoic and Cenozoic carbonates are mainly 
limestone. Precambrian and Paleozoic 
carbonate include abundant dolomite.

6.1 Introduction6.1 Introduction

Calcite, dolomite and aragonite are three main minerals in carbonate rocks. 

Calcite: (a) low-magnesian calcite (or simply called calcite): contain < 4% MgCO3. For examples, tests (shells) 
of planktonic forams, coccoliths, and brachipods etc.

(b) high-magnesian calcite (still in calcite crystal structure): contain > 4% MgCO3. For examples,     
Echinoids (海膽類), crinoids (海百合), benthonic forams, red algae.

Dolomite (or stoichiometric (化學計量的) dolomite): occurs in a few restricted modern environments, 
particularly in certain supratidal environments and freshwater lakes, but it is much less abundant in modern 
carbonate environments than aragonite and calcite.

Aragonite: Aragonite is the metastable polymorph (having the same chemical composition but different 
crystal structure) of CaCO3 and is converted fairly rapidly under aqueous conditions to calcite. Carbonate 
older than about the Cretaceous contain little aragonite. Modern ocean is likely to yield aragonite and, to a 
lesser extent, high-magnesian calcite. For examples, molluscs, calcareous green algae, corals etc. 

Stable isotope (e.g., 18O/16O) composition of carbonate rocks is also of considerable interest in 
paleoenvironmental studies and time-stratigraphic correlations.

Limestone yields important information about ancient marine environments and the evolution of life.
Limestone consists of 1/3 of world’s petroleum reserves. 

6.2 Chemistry and Mineralogy6.2 Chemistry and Mineralogy
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6.3 Limestone Textures6.3 Limestone Textures
Calcite are present in at least three forms:
1. Carbonate grains
2. Microcrystalline calcite (微晶質方解石, or micrite:微晶質灰泥,微晶石灰岩)
3. Sparry calcite (粗粒方解石)

1. Carbonate Grains (allochems): carbonate grains typically range in size from coarse silt (0.02 mm) to 
sand (up to 2 mm), but larger particles such as fossil shells also occur. They can be divided into five basic 
types, each characterized by distinct differences in shape, internal structure, and mode of origin:

A. Carbonate Clasts (lithoclasts): Rock fragments that were derived either by erosion of ancient limestones
exposed on land (this type of grain is called extraclasts外積岩屑) or by erosion of partially or completely 
lithified carbonate sediments within a depositional basin (intraclasts內積岩屑). The term lithoclast is used in 
non-distinguishable extraclasts and intraclasts. Lithoclasts range in size from very-fine sand to gravel.

B. Skeletal Particles (bioclast, 化石): Occur as whole microfossils, whole larger fossils, or broken fragments of 
larger fossils. They are the most common kind of grain in carbonate rocks.  

C. Ooids (鮞石): Coated carbonate grains that contain a nucleus of some kind – a shell fragment, pellet, or 
quartz grain – surrounded by one or more thin layers or coating (the cortex) consisting of fine calcite or 
aragonite crystals. Oolites (鮞狀石灰岩): Rocks that contain mainly of ooids. Grains with similar internal 
structures to that of ooids but larger in grain size, > 2mm, are called pisoids (for rock it is called pisolite豆石). 
Oncoids (藻粒體): spherical stromatolites (疊層石) that reach a size exceeding 1 to 2 cm. Oncolite: 核形石

D. Peloids (球粒): grains that are composed of microcrystalline or cryptocrystalline calcite or aragonite and that 
do not display distinctive internal structures. Peloids are generally of silt to fine-sand size (0.03-0.1 mm). 
The most common kind of peloids are fecal pellets (糞球) , produced by organisms that ingest calcium 
carbonate muds and extrude undigested mud as pellets.

E. Aggregate Grains (rare): Irregular carbonate grains that consist of two or more carbonate fragments 
(pellets, ooids, fossil fragments) joined together by a carbonate-mud matrix that is generally dark colored 
and rich in organic matter.
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A. Rounded carbonate clasts cemented by 
sparry calcite.

B. Angular to subangular carbonate clasts
in a micrite matrix.

C. Skeletal grains (B:苔蘚蟲類, Br:腕足動
物, C: 海百合, F:有孔蟲) cemented with 
sparry calcite. 

D. Normal ooids cemented with sparry
calcite.

E. Radial ooids cemented with sparry
calcite (white) and micrite (dark).

F. Pellets cemented with sparry calcite.

Types of carbonate grainsTypes of carbonate grains

Boggs (2006) p.163
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2. Microcrystalline Calcite (or micrite): Carbonate mud (or lime mud) composed of very fine size (1~5 
microns, 0.001~0.005 mm) calcite crystals. Modern lime mud consists mainly of aragonite, while ancient 
carbonate mud consists mainly of calcite. Lime mud may contain small amounts of fine-grained detrital
minerals such as clay minerals, quartz, feldspar, and organic matters. Micrite may be present as matrix

Boggs (2006) p.1

among carbonate grains, or it may make up most or all of a 
limestone. Micrite may be formed by inorganic precipitation of 
aragonite, later converted to calcite, from surface water 
supersaturated with CaCO3. Much modern carbonate mud appears 
to originated through organic processes. The presence of micrite
indicates deposition under quiet-water conditions (analogous to 
siliciclastic mudrock).

3. Sparry Calcite: Large crystals (on the order of 0.02~0.1 mm) of calcite that appear clear or white viewed 
with a hand lens or in plane light under a polarizing microscope. It is formed during diagenesis. They are 
distinguished from micrite by their larger size and clarity and from carbonate grains by their crystal shapes and 
lack of internal texture. The presence of sparry calcite cement in pore spaces indicates that grain framework 
voids were empty of lime mud at the time of deposition, suggesting deposition under high-energy flow

Note: Micrites form as a matrix; sparry calcites form as a cement.

condition. Sparry calcite can also form by recrystallization of primary 
depositional grains and micrite during diagenesis.

Boggs (2006) p.167

Boggs (2006) p.166
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6.4 Dolomite Textures6.4 Dolomite Textures Dolomite (dolostone, 白雲岩) is composed mainly of the mineral dolomite (白雲
石)[CaMg(CO3)2]. Dolomite has a largely crystalline (granular texture). Many 
dolomites form by replacement of a precursor limestone. Original limestone 
textures may be preserved in such dolomites to various degrees, ranging from 
virtually unreplaced to totally replaced.

Two kinds of dolomites on the 
basis of crystal shape:

A. Planar (idiotopic) dolomite: 
Rhombic, euhedral (well-
formed) to anhedral (poorly-
formed) crystals.

B. Non-planar (xenotopic) 
dolomite: Non-planar, 
commonly anhedral crystals.  

Boggs (2006) p.167

Planar dolomite Non-planar dolomite

6.5 Structures in carbonate rocks6.5 Structures in carbonate rocks

Stromatolites (疊層石) are formed largely by trapping and binding activities of 
blue-green algae (cyanobacteria). They consist of flat or hemispherically
laminated structures composed of fine calcium carbonate minerals, fine 
organic matter, and detrital clay and silt. Most ancient stromatolites occur in 
limestones.  They are forming today  mainly in the shallow subtidal, intertidal, 
and supratidal zone of the ocean. Oldest stromatolites: 3450 Ma.

Stromatolites in limestone of the Helena 
Formation (Precambrian), Montana.

Boggs (2006) p.110

Carbonate rocks contain many of the same kinds of sedimentary structures 
as those present in siliciclastic rocks except stromatolites.
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6.6 Classification of carbonate rocks6.6 Classification of carbonate rocks
The principal parameters used in carbonate classification are the types of carbonate grains or allochems and the 
grain/micrite ratio. Folk (1962)’s classification is the most widely accepted one that bases on the relative 
abundance of three major types of constituents: (1) carbonate grains (allochems); (2) microcrystalline carbonate 
mud (micrite); and (3) sparry calcite cement.

A. Classification based on dominant constituents (Folk)

Boggs (2006) p.170
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The main allochems are oöids (鮞石), 
peloids(球粒), bioclasts (skeletal grains化
石) and intraclasts(內積岩屑).

碎屑亮晶岩(Intrasparite)
鮞石亮晶岩(Oösparite)
生物亮晶岩(Biosparite)
球粒亮晶岩(Pelsparite)

碎屑微晶岩(Intramicrite)
鮞石微晶岩(Oömicrite)
生物微晶岩(Biomicrite)
球粒微晶岩(Pelmicrite)

微晶岩(micritic limestone)
幼細岩(dismicrite, micrite with cavities (usually spar-filled)

Allochems > 10%

Allochems < 10%

生物岩(biolithite, e.g, reef-rock or stromatolite)

Folk’s classification scheme shown in Chinese

鄧屬予 (1997)
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生物微晶岩 生物亮晶岩

鄧屬予 (1997)
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Additional 
textural 
information 
can be added 
by use of the 
textural 
maturity terms 
shown here:

Boggs (2006) p.171

Informal names for carbonate rocks:
• Coquina (殼灰岩屑) a mechanically sorted and abraded, poorly consolidated carbonate sediment 
consisting predominantly of fossil debris; Coquinite (殼灰岩) is the consolidated equivalent.
• Chalk (白堊) is soft, earthy, fine-textured limestone composed mainly of the calcite tests of floating 
micro-organisms, such as foraminifers.
• Marl (泥灰岩) is an old, rather imprecise, term for an earthy, loosely consolidated mixture of siliciclastic 
clay and calcium carbonate. 
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B. Classification based on depositional texture (Dunham)
Boggs (2006) p.173

(B) is the modification of the Dunham classification (A) by Embry and Klovan (1972), adding five 
additional categories for reef rocks (three of these were boundstones in Dunham’s original scheme) 
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6.8 Diagenesis6.8 Diagenesis

Carbonate diagenesis takes place in three major regimes or realms: marine, meteoric and subsurface.

Marine realm: includes the seafloor and the very shallow marine subsurface. Principal diagenetic processes: 
bioturbation or boring, cementation of grains in warm-water areas.
Meteoric (天水) realm: Vadose zone (滲流帶 ) versus phreatic zone (井泉水帶 ). Principal diagenetic processes: 
dissolution, alteration of aragonite and high-Mg calcite to calcite, calcite cementation.
Subsurface realm: Principal diagenetic processes: physical compaction, chemical compaction (dissolution at 
grain boundaries), and additional chemical or mineralogical changes that may include dissolution, cementation, 
aragonite-to-calcite transformation, and replacement of calcite by another mineral such as dolomite.

Boggs (2006) p.189
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DiageneticDiagenetic fabrics in fabrics in limestoneslimestones

A. Biogenic alteration (micrite rims)
B. Cementation (sparry calcite 

cements).
C. Neomorphism (recrystallization

destroyed part of fossils).
D. Replacement (chert replaces 

calcite).
E. Physical compaction.
F. Chemical compaction (pressure 

solution). 

Boggs (2006) p.191
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Major diagenetic processes and changes
A. Biogenic alteration: Organisms rework sediment by boring, burrowing, and sediment-ingesting activities. 
Fine-grained (micritic) aragonite or high-Mg calcite may then precipitate into these holes. The boring and
micrite-precipitation process may be so intensive in some warm-water environments that carbonate grains are 
reduced almost completely to micrite, a process called micritization. If boring is less intensive, only a thin micrite
rim may be produced around the grain.

B. Cementation:

Types of cements in different 
diagenetic environments:
Seafloor: mainly aragonite of meniscus 
(彎月形),  pendant (懸垂形), 
isopachous (等厚形), needle, 
botryoidal (葡萄狀) cements.

Meteoric: mainly calcite of meniscus 
and pedant cements in vadose zone; 
isopachous, blocky, and syntaxial (順向

連生的) rim cements in the phreatic
zone.

Subsurface: mainly calcite of syntaxial
rims, bladed (刃狀的) prismatic, and 
coarse mosaic types.

Boggs (2006) p.192
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C. Dissolution: Dissolution is favored by unstable mineralogy (presence of aragonite or high-Mg calcite), cool 
temperatures, and low pH (acidic) pore waters that are undersaturated with calcium carbonate. Dissolution is 
relatively unimportant on the seafloor but is particularly prevalent in the meteoric realm especially along the 
water table.

D. Neomorphism (新生變形作用)): neomorphism is the combined processes of inversion (e.g., transformation of
aragonite to calcite) and recrystallization. Neomorphism occurs in all three diagenetic realms but is 
particularly important in the meteoric and subsurface diagenetic environments. This process destroys original 
textures and fabrics and, when pervasive, may cause the entire rock to become recrystallized. 

E. Replacement: Involving the dissolution of one mineral and the nearly simultaneous precipitation of another 
mineral of different composition in its place. Dolomitization of CaCO3 sediment is one kind of replacement 
process.

F. Physical and Chemical compaction: Newly deposited, watery carbonate sediments have initial porosities 
ranging from 40 to 80%. Chemical compaction initiates at depths ranging from 200 to 1500 m where

pressure-solution seams called stylolites develops. 
Stylolites are marked by the presence of clay minerals and 
other fine-size noncarbonate minerals (commonly referred 
to as an insoluble residue) that accumulate as carbonate 
minerals dissolve.

Boggs (2006) p.194
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Summary results of carbonate diagenesisSummary results of carbonate diagenesis

Boggs (2006) p.195

Sedimentary Geology
Dept. Earth Sciences
National Central U. Taiwan
Prepared by Dr. Andrew T. Lin



17

A limestone block on the A limestone block on the 
TsengwenchiTsengwenchi river bedriver bed

Rock name: Rock name: 
(a)(a) FolkFolk’’s classification:_______________s classification:_______________

(b) Dunham(b) Dunham’’s classification:____________ s classification:____________ 
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a, b: Ooids composed of aragonite showing concentric structure and a nucleus. Meniscus 
cement (b) precipitated in vadose zone; c: calcite ooids, Oolitic grainstone; d: formerly 
aragonitic ooids, now composed of calcite with poor preservation of original concentric 
structure and oomoulds. 

Tucker (2001)
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a: Peloids; b,c: bivalve fragments with micrite envelope; d: peloids and bivalve with 
micrite envelope; e: sponge boring filled with micrite. 

Tucker (2001)
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a, b: calcitized bivalve shells with sparry calcite cement; c: gastropods (腹足類); d,e: Brachiopod(腕足類)
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a: Rugose coral (四射珊瑚); b: Scleractinian coral (石珊瑚) and a boring with geopetal structure; c; 
Forams; d Nummulites (貨幣石) ; e: Miliolids.

Tucker (2001)
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a: Dasyclad algae; b: calcareous red algae, isopachous marine cement; c: calcified microbes; 
d: microbial mat of dolomite; e, f: stromatolite

Sedimentary Geology
Dept. Earth Sciences
National Central U. Taiwan
Prepared by Dr. Andrew T. Lin



23Tucker (2001)

a: coral with agragonite cement; b: isopachous calcite cement; c: isopachous marine cement, 
then internal sediment of peloids, followed by drusy calcite cement; d: hardground.
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a, b: Fusulinid foraminifer cemented by radiaxial fibrous calcite; c, d: syntaxial calcite overgrowth cement. 
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a: cementing in meteoric vadose zone; b, c: calcite spar; d: sutured contacts because of compaction; e: 
microspar-pseudospar formed during neomorphism; f: Ooids with scattered dolomite rhombs.  
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a: Dolomitized oolite with stylolite. Xenotopic dolomite below stylolite and idiotopic dolomite 
above; b: dolomitized grainstone; c: Baroque dolomite; d: delolomite; e: dolomite moulds

Sedimentary Geology
Dept. Earth Sciences
National Central U. Taiwan
Prepared by Dr. Andrew T. Lin


