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The three primary types of rock – igneous, sedimentary, 
and metamorphic – together constitute almost the entire 
crust of the earth. This chapter is mainly about sedimentary 
rocks. Igneous and metamorphic rocks are dealt with in 
chapters 2.8 and 2.11 of this Handbook. 

The classification of rocks into types and subtypes, as 
mentioned in those chapters, is in many cases arbitrary 
since no commonly accepted nomenclature exists. On the 
other hand, some of the terms are so commonly used and 
widespread that the use of alternative terms might lead 
to confusion. Terms that should not be replaced by other 
terms are therefore indicated here in italics, but such terms 
should be printed in roman in scientific texts. More loosely 
used terms that are often used according to the preference 
of a specific author will be printed here in roman. 

Subdivision of sedimentary rocks 
Sedimentary rocks originate at the earth’s surface, at the 
bottom of water bodies, and in caves by the accumulation 
of organic, organogenic, or (most commonly) abiotic 
particles. Such particles may previously have been part 
of igneous, sedimentary, or metamorphic rocks that were 
subject to weathering and erosion, resulting in fragments 
that were transported by water, wind, ice, or gravity and 
deposited elsewhere. 

The term ‘sediments’ is sometimes used as a synonym 
for ‘sedimentary rocks’ but this should be avoided. The 
term ‘sediments’ should be used for those deposits that 
still consist of unconsolidated material, whereas the term 
‘sedimentary rocks’ should be restricted to those that 
changed in the course of time, for instance due to increased 
pressure as a result of burial under younger deposits to form 
lithified rocks. This restricted terminology will be used 
in this chapter, with the equivalent terms for sediments 
given between brackets where appropriate (for example, 
‘sandstone’ [sand]). 

Five categories of sedimentary rocks are distinguished: 
clastic, chemical, organogenic, organic, and pyroclastic. 
Rocks of each of these categories may include particles 
or fragments of any other category. For example, a clastic 
sediment such as beach sand may contain shells from animals 
that lived in or close to such a depositional environment, 
or may contain peat that was eroded elsewhere. There is 
also a sixth ‘sedimentary’ component of the earth’s crust, 
consisting of material that came from other bodies in 
space. Most earth scientists consider this non-terrestrial 
material as a category distinct from igneous, sedimentary, 
and metamorphic rocks, even though such pieces may have 
the same characteristics as rocks that belong to one of these 
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three categories. Some earth scientists, however, consider 
this non-terrestrial material as part of the category of 
sedimentary rocks, for reasons that will be explained here 
in the section devoted to this material. 

Clastic rocks 
Clastic rocks consist of particles that have been set free 
from previously formed rocks by weathering, erosion, and 
subsequent transport. Therefore, they are sometimes called 
‘detrital rocks’. The ‘parent’ rock material may be a specific 
rock unit but consists more commonly of a wide variety of 
rocks. 

Clastic rocks are primarily grouped according to their 
grain size, commonly expressed in φ-values (φ = -2log[grain 
size in mm]). This explains why the boundaries between the 
various grain-size fractions may seem illogical at first sight. 
On the basis of the φ-values, three classes are distinguished: 
macroclastic rocks (φ<-1), sandstones [sands] (-1<φ<4), 
and fines (φ>4). 

Macroclastic particles can be subdivided into boulders 
(φ<-8), cobbles (-8<φ<-6), pebbles (-6<φ<-2), and 
granules (-2<φ<-1). Rocks consisting mainly of rounded 
macroclastic particles are called conglomerates [gravel], 
whereas such rocks with mainly angular fragments are 
called breccias [scree]. Sandstones [sands] consist mainly of 
particles with a φ-value between -1 and +4. Fines comprise 
siltstone [silt] (+4<φ<+8) and claystone [clay] (φ>+8). 
Mixtures of sand-sized particles with larger contributions 
of silt and clay are called mudstones [mud]. Rocks with a 
mixture of all grain sizes (common in glacial till) are called 
diamictites [diamictons]. Sandstones and coarser-grained 
clastic rocks usually consist of relatively coarse particles 
within a finer-grained mass called matrix. Sandstones with 
little matrix are called arenites; if the matrix amounts to 
over 10%, the rocks are called wackes. 

Clastic rocks can also be grouped according to their 
mineralogical content, as in the case of sand beaches, 
which consist of quartz sand. If these sands become 
cemented by recrystallization of quartz, the rocks are 
called quartz arenites. Other clastic rocks can consist of 
eroded and transported limestone fragments. Because 
of the wide variety of limestone types (clastic, chemical, 
and organogenic) that exist, and because of their great 
environmental (reefs) and economic (oil reservoirs) 
importance, various nomenclatures for limestone types 
exist, the objective being to highlight the characteristics 
that are important for a specific study. For this reason, a 
separate section about limestone nomenclature is provided 
in this chapter. 
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For comparable reasons, other nomenclatures also exist 
for other types and subtypes of clastic rocks, but they are 
less important than the limestone nomenclature. The rock 
names given by such nomenclatures depend partly on 
mineralogical content and partly on texture. 

Chemical rocks 
Chemical rocks are formed by chemical precipitation from 
oversaturated solutions. Most sedimentary rocks of this 
type are produced by evaporation of sea water in hot areas 
with a low atmospheric moisture content. The resulting 
salts are called evaporites and form, in principle, cycles 
according to their solubility. Thick rock salt formations are 
formed in this way. 

Comparable rocks, but of a much smaller extent and 
thickness, may be formed in continental areas where 
salt lakes can develop. In hot areas groundwater may be 
transported to the sedimentary surface by capillary action, 
then evaporate and leave its small salt content as crusts 
that thus gradually grow thicker. These crusts (caliches) 
usually consist primarily of carbonates and are then 
called calcretes. A comparable process can take place in 
caves (which develop particularly in limestones), where 
groundwater, with carbonate ions in solution, dripping 
down through cracks in the ceiling starts to evaporate 
and becomes oversaturated. Precipitation then starts from 
the ceiling downwards, causing stalactites to form. Water 
drops reaching the floor result in a similar process in 
which precipitations grow upwards (stalagmites). Where 
relatively large water masses flow out from limestone into 
a cave or into open air, irregular masses of carbonates may 
precipitate, forming travertine. 

Interesting rocks that are potentially valuable but not yet 
economically exploitable are more or less rounded ‘balls’ 
that form by chemical precipitation around a nucleus at 
many locations on the bottom of the deep sea. Such balls 
(concretions) on the sea floor often contain high percentages 
of manganese and other elements such as cobalt. These are 
commonly referred to as manganese nodules. Phosphate-
rich concretions (phosphate nodules) may form under 
different conditions, mainly in shallower seas. 

Exceptional conditions may lead to precipitation of 
exceptional minerals, for instance in and around hot springs. 
The terminology of such rocks is fairly loose; the names 
used are commonly based on the predominant mineral. 

Organogenic rocks 
Organogenic rocks consist mainly of the non-organic parts 
(skeletons, shells) of dead animals or plants that have 
been concentrated by transport until they come to rest 
in concentrated form. Most such material consists of the 
minerals calcite and aragonite, so most organogenic rocks 
are limestones. Their names are the same as those for clastic 
limestones, with the prefix ‘bio’: for instance biocalcarenite. 

A limestone that consists almost exclusively of shell 
fragments is called a coquina. Deep-sea sediments that 
consist mainly of the skeletons of specific plants or animals 
that sank to the bottom are named after the taxonomic 
groups: for instance, radiolarite [radiolarian ooze], 

globigerinite [globigerina ooze], and diatomite [diatom ooze]. 
Special types of organogenic rocks are those where the 

animals or plants are still in the place where they lived. They 
form reefal limestones [reefs] and stromatolites (structures 
due to sedimentary particles glued to the slimy surface of 
algae). Rocks consisting of animal excretions are sometimes 
considered as organogenic rocks and sometimes as organic 
rocks. Examples are rocks consisting mainly of the large 
phosphate-rich pellets excreted by crabs (coprolites) or 
other animals (dinosaur coprolites) and the excretion 
masses of seabird colonies in a hot and dry climate (guano). 

Organic rocks
Organic rocks consist of the organic remains of plants or 
animals and may be in a chemical form that has changed 
considerably in the course of time. 

The largest organic rocks consist of plant remains, 
which may be preserved because they were isolated from 
oxygen by being buried under sediment, oxygen-free 
water, or a younger vegetation cover. Due to compaction 
and the start of the coalification process, the plant remains 
gradually change into, successively, peat (hardly changed, 
still with easily identifiable plant remains), brown coal 
(much more compact than peat, with plant remains still 
clearly recognizable), coal (a true rock, with only some 
imprints of plants), and anthracite (plant remains as a 
rule no longer recognizable). Coal consists of many types, 
depending on the nature of the original plant material, the 
degree of coalification, and the conditions during burial. 
The terminology of these coal types is beyond the scope of 
this overview but because of the economic importance of 
coal it follows, as an exception, fairly strict rules. During 
the coalification process, gases escape that may be trapped 
underneath impermeable rocks (often evaporites). If a large 
percentage of such gases consist of hydrocarbons the term 
natural gas is used. 

Liquids, though sometimes very viscous mixtures that 
consist primarily of hydrocarbons, are called petroleum 
(or, less scientifically, oil). Petroleum that has not yet been 
refined is called crude or crude oil. If the substance is 
extremely viscous, it is called bitumen (or, less scientifically, 
asphalt). 

Both natural gas and petroleum are often concentrated 
in the pores of rock units other than those in which the 
original organic material accumulated. The rocks of origin 
are called source rock; the rocks to which the hydrocarbons 
have been transported are called host rock. 

Pyroclastic rocks 
Pyroclastic rocks consist of volcanic material that did not 
form by crystallization of cooling lava but was thrown into 
the air (see also the section titled ‘Effusive rocks’ in the 
chapter on igneous rocks in this Handbook). Such particles 
are called tephra and can be subdivided on the basis of their 
grain size into volcanic bombs (φ<-6), lapilli (-6<φ<-1), and 
volcanic ash (φ>-1). After lithification, rocks composed 
mainly of these constituents are called pyroclastic breccia, 
lappillistone, and tuff, respectively. 

A tuffite is a rock composed mainly of ash-sized 

pyroclastic particles that after deposition have been 
eroded, transported and deposited again by running water. 
If running water starts to flow down a volcano, a muddy 
mixture of ash and water may form (lahar). If this comes 
to rest, it forms a lahar deposit (sometimes called a volcanic 
mudflow deposit). Ash may also be transported down the 
slope of a volcano by hot volcanic gases (nuée ardente); the 
resulting deposit is called ignimbrite. Lahar deposits and 
ignimbrites are rare but are frequently described in the 
literature because of their often catastrophic character. 

Classification of limestones 
As already mentioned, limestones occur in a wide variety 
of types and are described in terms following different 
nomenclatures, which is why they have a separate section 
here. 

Limestones are rocks consisting primarily of calcium 
carbonate. If a significant part of the calcium has been 
replaced by magnesium, the rocks are called dolomites. 
Limestones can be clastic, organogenic, or chemical; quite 
frequently limestone rock units contain two or all of these 
types. 

Clastic limestones can be subdivided according to their 
predominant grain size, forming – in analogy with non-
calcareous sedimentary rocks – calcirudites [calcigravel], 
calcarenites, calcisiltites, and calcilutites. The last two types 
are both commonly called lime mud in the unlithified state. 
Limestones with a considerable amount of clay are called 
marls. 

Another classification of clastic limestones pays more 
attention to other characteristics than grain size, although 
this plays a role. The classification is based on work by 
Folk (1959 – see further reading below) and focuses on the 
microscopical texture of the material. If more than half of 
this limestone consists of fine lime mud, it is called a micrite, 
but if more than half consists of (often recrystallized) 
carbonates, it is called a sparite. If either of these types 
of rock contains over 10% of fossil fragments, it is called 
biomicrite or biosparite, respectively. 

Limestone bodies that were built up by organisms 
such as corals and algae are called reefal limestones. They 
are commonly subdivided on the basis of their (original) 
form: a bioherm forms a mound (that is, has a large height 
to width ratio), whereas a biostrome is much flatter. Such 
reefs form the most common source for clastic limestones 
and are often surrounded by material eroded from them by 
wave action. Small reefal limestones are sometimes called 
biolithite, but this name is no longer commonly used. 

Chemical limestones do not have such a complicated 
set of nomenclatures. They are dealt with in the section 
above on chemical sediments. The famous chalk (the ‘white 
cliffs of Dover’) of the Cretaceous period have long been 
considered as typically chemical sediments but are now (on 
the basis of research using scanning electron microscopy) 
commonly considered to be very fine-grained bioclastics. 
Chemical deposition of limestone is scarce nowadays 
(almost exclusively in the Bahamas). 

An overall, but fairly simple, nomenclature for all 
types of limestones, based on work by Dunham (1962), 

distinguishes between limestones that have more or 
less entirely been recrystallized (crystalline carbonates), 
limestones that were built up by organisms, for instance 
in the form of reefs (boundstones), and clastic limestones. 
The latter category is subdivided into grainstones (no 
mud between the grains), packstones (some mud, but the 
individual grains still touch each other), wackestones (more 
than 10% grains, but these mostly do not touch each other), 
and mudstones (less than 10% grains). 

Non-terrestrial rocks 
The earth undergoes continuous bombardment by material 
from space, commonly from our solar system, rarely from 
farther away. Most material evaporates in the atmosphere 
due to the heat caused by friction, but fragments that 
reach the earth are called meteorites if they are larger 
than 1 mm in diameter, micrometeorites if smaller but 
still macroscopically recognizable, and cosmic dust if still 
smaller. Because these particles have been transported 
through the air, like volcanic bombs, some earth scientists 
claim that they should (in the same way as pyroclastic 
rocks) be included in the category of sedimentary rocks. 
Since this non-terrestrial material is rare, it is therefore 
considered most practical to deal with them here, rather 
than in a separate chapter. It would be wrong not to pay 
attention to them at all in this Handbook because, however 
negligible in quantity, the interesting characteristics of such 
space-derived material make some knowledge of this type 
of rock essential for editors who deal occasionally with 
geology, for instance when describing the impacts of large 
meteorites that caused mass extinctions in the geological 
past (and those which may do so in the future). 

Meteorites can be subdivided on the basis of their overall 
composition into iron meteorites (the term ‘siderite’ which 
is sometimes used should be avoided as it is synonymous 
with a mineral name) and stony meteorites (sometimes 
called ‘aerolites’). Some stony meteorites contain globular, 
radially crystallized aggregates that are commonly about 
1 mm in diameter (chondrules); such stony meteorites are 
called chondrites. Chondrules are also found as individual 
particles. Because of their small size, they are found only 
incidentally, apart from finds in deep-sea sediments. The 
accumulation rate of deep-sea sediments is, as a rule, very 
low, so chondrules are not totally negligible; in addition, 
their characteristics make them easy to find microscopically. 
Because the bombardment of the Earth with chondrules is 
considered to take place at a more or less constant (known) 
rate, the ratio between chondrules and other material in 
deep-sea sediments is now often used as a measure for the 
sedimentation rate. 

Polished and etched iron meteorites may show 
straight lines (Neumann lines); such meteorites are called 
hexahedrites. If they show a network of stripes crossing 
each other at specific angles (Wildmanstätten figures) they 
are called octahedrites. Iron meteorites that show neither of 
these structures and only rarely show any etching are called 
araxites. 

Some rare types of meteorites exist, and they are beyond 
the scope of this chapter. 
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