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Chemical nomenclature
Correct nomenclature in chemistry needs more guidance 
than this chapter can provide. Names for chemical 
compounds are generally intended to reflect molecular 
structure, and for complex molecules can often be long 
and cumbersome. To derive such names correctly from 
internationally agreed nomenclature rules needs a degree of 
expertise normally accessible only to the specialist chemical 
editor. The number of guidelines and standards for both 
names of molecules and general chemical terminology 
is overwhelming, but a few general guidelines will be 
presented in this chapter. Some guidelines may appear 
to be mutually conflicting (in most of such cases it has 
been agreed which guideline overrules the others); many 
guidelines have exceptions; and most of them need careful 
interpretation. Therefore, you must be aware that every 
square millimetre of blank space in this chapter can hide a 
pitfall, and even the inked areas may be oversimplifications.

IUPAC
The International Union of Pure and Applied Chemistry 
(IUPAC) is the body responsible for developing and 
disseminating internationally agreed recommendations for 
chemical names, formulas and structure representations, for 
chemical terminology in general, and for the use of units 
and symbols in chemistry. For units and symbols used in 
common with other sciences there is liaison with other 
International Unions, and with international standards 
bodies (e.g. ISO and the Bureau International des Poids et 
Mésures). More information on IUPAC’s objectives and way 
of working is given on the IUPAC web site www.iupac.org.

Recommendations for deriving chemical names are 
the responsibility of IUPAC Division VIII: Chemical 
Nomenclature and Structure Representation. For 
biochemical nomenclature, IUPAC and the International 
Union of Biochemistry and Molecular Biology (IUBMB) 
have established a Joint Commission. An overview of 
IUPAC recommendations on nomenclature, symbols and 
terminology is available at www.chem.qmul.ac.uk/iupac; a 
search facility is provided for the whole of the collection 
at this website. A series of IUPAC books on chemical 
terminology is listed on old.iupac.org/publications/books/
seriestitles/nomenclature.html. A good introduction is 
Principles of chemical nomenclature – A guide to IUPAC 
recommendations.1 Another introductory book on 
nomenclature is the IUPAC compendium of chemical 
terminology – The gold book (may be downloaded from 
goldbook.iupac.org). A compilation of some important 
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rules for editorial practice can be found in Scientific Style 
and Format.2 The IUPAC International Chemical Identifier 
(InChI; see chapter 14 of1), intended for use by computers, 
has gained widespread acceptance as a means of specifying 
and linking designations of chemical compounds in the 
chemistry literature.

Names and formulas for elements and inorganic 
molecules
There are two major distinctions in chemical nomenclature: 
names versus formulas, and organic versus inorganic 
chemistry.

Molecular formulas are based on symbols for over 100 
chemical elements; these symbols consist of one or two 
letters, the first (or only one) being an upper case, the second 
a lower case: C (carbon), Ca (calcium), Cd (cadmium), Cl 
(chlorine), etc. Full names of elements and molecules have 
no upper case first letter.

The smallest particle of an element is called an atom; a 
compound of two or more atoms is called a molecule. If 
a molecule consists of different elements, the symbols of 
those elements are used with subscript indices to indicate 
the ratio of the numbers of atoms (omitting the number 
1). For example, in CaCO3 the ratio of calcium, carbon 
and oxygen atoms is 1:1:3. This ratio may be a fraction: 
Fe0.91S. Cations (see below) come before anions (see below). 
Molecules can also exist as combinations of atoms of one 
element only; Cl2 or O2 molecules behave differently from 
Cl or O atoms.

Atoms have a nucleus of protons (with positive charge) 
and neutrons (neutral), and a cloud of electrons (with 
negative charge). The number of protons defines the 
element. Protons and neutrons together are called nucleons 
and determine the mass of an atom. By definition, atoms 
are neutral, which means that the number of electrons is the 
same as the number of protons. Loss or acquisition of one 
or more electrons results in charged atoms or molecules. 
Such charged compounds are called ions. Cations have 
positive charges, anions have negative charges. One charge 
is equivalent to one electron. Charges are indicated by 
superscript indices: Ca2+ (not Ca++) is a calcium atom with 
two positive charges, O2– (not O– –) represents an oxygen 
atom with two negative charges. If the number of charges 
is 1, only the + or – sign is written: Cl–. Formulas with both 
charge numbers and ratio numbers are preferably typeset 
as CO3

2–.
In some cases it is more helpful to indicate oxidation 

state rather than charge, and this is done with superscript 
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rings, each with its own atom numbers, indices are used 
to distinguish the various ring systems: 1,2’-bianthracene, 
1,1’-bipyrrole-2,3’-diol.

Lower case italic letters are used to indicate the following:
•	 specific structural features: o(rtho)/m(eta)/p(ara); 

sec(ondary)/tert(iary);
•	 the specific place where two cyclic components share a 

chemical bond: benz[a]anthracene;
•	 cis/trans differentiation in stereochemistry (but Z/E is 

used for double-bond stereochemistry);
•	 and several other features.

Upper case italic letters are used to indicate:
•	 atoms where side chains or other substituents 

are attached: N-methylphthalimide, (S-phenyl)
thiopropionate;

•	 E/Z and R/S differentiation in stereochemistry: 
(2Z,5E)-deca-2,5-diene, (1R,2S)-methylephedrine;

•	 to distinguish between isomers differing in the 
location of a hydrogen atom (‘indicated H’): 
1H-cyclopenta[c,d]phenalene;

•	 and several other features.

Small capital letters are used to indicate:
•	 d/l differentiation in stereochemistry: l-glutamine, 

d-glucose.

Greek letters are used to indicate:
•	 the distance (measured by the number of electron 

bonds) of an atom from the terminal of a molecule: 
γ-aminobutyric acid;

•	 the spatial positions of atoms in cyclic compounds: 
α-d-glucose, β-d-glucose;

•	 small variations in similar molecules: α-tocopherol, 
β-tocopherol;

•	 and several other features.

Parentheses are used to indicate:
•	 properties of atoms and atom groups, as 

distinguished from the atoms themselves: 
(–)-(1R,2S)-methylephedrine;

•	 atom groups that form branches of the main chain: 
3-(diethylamino)propylamine, where a diethylamino 
group is attached to the 3 position of propylamine.

Square brackets are used to indicate:
•	 concentrations in solutions: [H+];
•	 atom groups within compounds, especially if they 

share a charge: [NH4]
+;

•	 isotope labels (occasionally with their position): [14C]
pentane, [1-2H]butadiene (note where hyphens are 
used and where not);

•	 the place of fusion of two rings in cyclic organic 
compounds: benz[a]anthracene, cyclohepta[j,k]
phenanthrene, or the number of atoms in a bridge: 
bicyclo[3.1.1]heptane;

•	 and several other features.
As in mathematics, parentheses and brackets are used 

in hierarchical order: If more than one set of parentheses 

is needed, use (), [] and {} consecutively from inward to 
outward: {[()]}. If more than three levels of enclosures are 
necessary, use the same sets in the same order again, but in a 
larger or bold type. 2-methyl-4-[N-ethyl-N-(hydroxyethyl)
amino]benzaldehyde represents an aminobenzaldehyde 
with, at position 2, a methyl group and, at position 4, an N 
atom (the amino part) which carries two ethyl groups, one 
of these ethyl groups having an additional hydroxy group.

In stereochemistry (concerning the spatial orientation of 
molecules and their components), d/l and R/S are different 
ways of representing the structure of a molecule. Beware: 
if d/l appears in a manuscript, thoughtlessly changing it to 
d/l may give the wrong outcome. d/l was used formerly to 
indicate optical rotation (not stereochemistry); it is now 
best replaced by (+)/(–).

Pharmaceutical nomenclature
Pharmacy uses chemical formulas, but pharmaceutical 
nomenclature has its own conventions regarding names. 
The full chemical names of medicinal compounds would 
in most cases be too complex to be used by physicians or 
pharmacists in everyday practice.

The World Health Organization assigns International 
Nonproprietary Names (INNs) to chemicals used for 
medicinal purposes.4 Official INNs are given in seven 
languages: Latin (from which the other ones are derived), 
Arabic, Chinese, English, French, Spanish and Russian. 
The INNs may be found on the MedNet web site (mednet-
communities.net/inn; login required), but searching in 
www.who.int/medicines/services/inn/en will work just as 
well in most cases.

Table 1. Examples of confusing differences between 
chemical names and INN

Trivial chemical name INN (English form)
chlormethiazole clomethiazole
cholestyramine colestyramine
cyclosporine ciclosporin
sulphamethoxydiazine sulfametoxydiazine
thioguanine tioguanine

Unfortunately, other names are also in common use. 
Pharmaceutical companies market their medicines under 
(proprietary) trade names, which more often than not 
differ unrecognisably from the (nonproprietary) INNs. In 
addition, INNs may differ from widely used chemical names; 
such differences may be very small but may cause great 
confusion. Table 1 gives a few examples of names that may 
easily be confused. Moreover, some countries use their own 
official pharmaceutical names, such as the British Approved 
Names (BAN) and the United States Adopted Names 
(USAN). Thus, a pharmaceutical compound may be known 
under many designations that are seemingly unrelated. 
For example heroin = diamorphine = diacetylmorphine = 
3,5-diacetoxy-12-methyl-4a,5,7a,8,9,9c-hexahydro- 8,9c-
iminoethano-phenanthro[4,5-bcd]furan = (5α,6α)-7,8-
didehydro-4,5-epoxy-17-methylmorphinan-3,6-diol 

roman numerals or the zero symbol: MnVII, Pt0.
A radical (a compound which carries one or more 

unpaired electrons) may be indicated by superscript dots, 
which precede the charge indication: NO., (NH3)

.+.
Superscript and subscript numbers may also appear to 

the left of the atomic symbol, in which case they indicate 
the mass number or nucleon number (superscript) and the 
atomic number or proton number (subscript). Thus, 6C 
(carbon has six protons) may also appear as 12C, 13C or 14C, 
representing atoms of 12, 13 and 14 mass units, respectively. 
The preferred typography with combined mass number 
and proton number is   C.

Names of inorganic compounds can generally be 
derived from the molecular formulas; for example NaCl 
is named sodium chloride (Na is derived from the Latin 
name of sodium: natrium). Anion names (chloride) 
resemble element names (chlorine) but these must not be 
confused. Some compound ions have names of their own, 
for example, CO3

2– is called carbonate and CaCO3 is then 
calcium carbonate.

Names and formulas for organic molecules
Formulas and names for organic compounds are far 
more complicated. Organic compounds contain carbon 
atoms that are able to form complex structures in endless 
variations. Often such structures are visualised by indicating 
the separate carbons atoms with the atoms or atom groups 
that are bound to each of them. For greater clarity, these 
subgroups may be separated by n-dashes that represent 
the two-electron bond between two carbon atoms. Thus, 
the formulas CH3–CHOH–CH2–CH3, CH3CHOHCH2CH3 
and C4H10O all represent the same compound (butan-2-ol), 
which has an –OH group attached to the second carbon 
atom. The formula C4H10O, however, may also represent 
compounds with different structures, e.g. CH2OH–CH2–
CH2–CH3. Repeating sequences may be written like CH3–
CHOH–[CH2]n–CH3 or CH3CHOH[CH2]nCH3, with a 
total of n + 3 C atoms.

The n-dash represents a single bond, which is formed 
by 2 paired electrons. Double bonds of 2 × 2 electrons 
are indicated with = and triple bonds with ≡ for example 
CH2=CH–C≡N. In this example we also see that other 
atoms may be present in the chain (or ‘backbone’) of carbon 
atoms; N (nitrogen), O (oxygen) and S (sulphur) are most 
frequent. If written in the form CnHoNpOq... the order of 
element symbols is first C, then H and the other elements 
follow in alphabetical order.

In the compound CH3–CO–O–CH2–CH2–NH2 the O 
atom of the –CO– group is a branch of the main chain, but 
in the –O– group it is part of this chain. Branches or ring 
structures are quite common in organic compounds, which 
necessitates a formula that does not fit on a printed line, for 
example see Figure 1 and 2.

Figure 1. 2-methylpropane (isobutane), C4H10.

Figure 2. 3-aminobenzoic acid, C7H7NO2.

Even more complicated are three-dimensional formulas, 
where special conventions are used to indicate parts that 
are below or above the imaginary plane that is formed by 
the printed paper – see Figure 3.

Figure 3. Glucose, C6H12O6.

The three structure formulas (Figures 1-3) do not show 
all C and H atoms. C atoms are assumed at every twist or 
junction; H atoms are implied by assuming that every C 
atom has four bonds, every N has three bonds, every O or S 
has two bonds, and every H has one bond.

Names for organic compounds, as for inorganic 
compounds, are derived from the structural formulas. Even 
a very basic description of naming rules would require 
several chapters, so we will not elaborate on this part. To 
simplify the description, some complex molecules were 
given ‘trivial names’, such as isobutane and glucose above. In 
general we recommend that IUPAC names should be used, 
that trivial names which appear in good dictionaries are 
acceptable alternatives and that trade names (proprietary 
names) should be avoided. In case of doubt, try to consult a 
reference book like the Merck Index.3

Typography of organic compounds
Numbers may appear in almost any part of a name to 
designate which carbon atom carries a specific functional 
group [such as butan-2-ol above, where the –OH group 
(represented by the suffix -ol) is attached to the second 
carbon atom], a double bond (pent-2-ene), an isotope ([1-
2H]butadiene) etc. If a molecule is formed by two or more 

12
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diacetate. Help is at hand, however. There are reference 
works that list synonyms and their status. Two of these 
valuable books are The Merck Index3 and the Index 
Nominum International Drug Directory.5

Many INNs are derived from chemical names by 
omitting letters and numbers at the front and the rear end: 
‘N-acetylcysteine’ becomes ‘acetylcysteine’, ‘cyclosporine A’ 
becomes ‘ciclosporin’ (also note the change from y to i).

In the last few decades a policy was introduced to 
assign INNs in which the terminal syllable indicates 
a specific property of a compound. Thus, a ...mab is a 
monoclonal antibody and an ...ib is an inhibitor, etc. Thus 
pharmaceutical nomenclature may indicate production 
technologies or therapeutic applications, but that is beyond 
the scope of this chapter.
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Until the 19th century, no attempt was made to formalize the 
naming of the parts of the human body. In Western Europe, 
anatomical structures were named in Greek or Latin or a 
‘Latinized’ form of Greek. Body parts also acquired native-
language names, many of which have remained in ‘official’ 
use up to the present day.

In the last two centuries, various initiatives at national 
and international levels have been made to produce a 
formal nomenclature. As recently as 1996, associations 
of anatomists throughout the world were asked to 
review a possible system and to produce translations 
in their own languages. This initiative of the Federative 
Committee on Anatomical Terminology (FCAT) resulted 
in the publication of Terminologia Anatomica in 1998.1 The 
naming of anatomical features now has a formal base, but 
the use of eponyms and abbreviations persists, with the 
term used decided by the author and dictated by the target 
audience – the general public, practitioners or researchers.

There are national and international publications that 
provide a detailed system for anatomical nomenclature. 
This chapter is designed to help editors without medical 
qualifications who may need points of reference when 
working in English and in an unfamiliar field.

The Latin terms for anatomical features follow the rules 
for that language, the plural and adjectival forms taking 
the appropriate endings from the ending of the noun form 
(see Table 2). Greek terms are transliterations or Latinized 
forms of the original, and most plural and adjectival 
forms have become common through usage rather than 
following the rules of grammar. Terms may be combined 
for descriptive purposes, for example to describe a joint. 
If an anatomical nomenclature for a non-English language 
is planned, the advice from the FCAT is that only Latin 
terms should be used for creating a list; no attempt should 
be made to use an English version as the basis for a non-
English nomenclature.

Terms for position and relationship of features
An author’s text will usually be easier to follow if the terms 
for the relationship and relative position of features are 
understood. This will also help in checking the orientation 
of illustrative material. Terms for position and relationship 
assume that the human figure is standing, facing towards 
the observer, with the arms straight at the sides of the body 
and with the palms of the hands facing the observer. Table 
1 gives a list of terms for position and relationship, a short 
description of their meaning, and examples of how they 
might appear when used with other terms.

2.2: Anatomical nomenclature
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Skeletal system – Systema skeletale 
Table 2 lists some skeletal anatomical features by name, 
followed by their plural and adjectival forms, etymology, 
and some common combinations with other terms. Table 2 
follows human anatomy from the head down, and lists only 
some of the major skeletal features.

Muscular system – Systema musculare 
The three kinds of muscular tissue are (a) cardiac, found 
only in the heart, controlled by the autonomic (functioning 
involuntarily) nervous system; (b) striated (so-called 
‘voluntary’), entirely dependent on its nerve supply from 
peripheral nerves and the central nervous system for 
normal activity; and (c) smooth or plain muscle innervated 
(supplied) by the autonomic nervous system and therefore 
unable to be controlled at will.

Table 3 lists some of the terms used to describe the 
direction of movement and function of muscles. For 
specific muscles and their functions a medical dictionary 
for nurses may be helpful, as the explanations do not assume 
a comprehensive knowledge of medical terminology.2,3

The names of muscles may describe their shape, 
anatomical location and function. Their position and 
relative size and function may also form part of the names 
of muscles or muscle groups, for example, lateralis (on 
the outer side) and medialis (on the inner side). Relative 
position is denoted as superior or inferior and in this 
context does not refer to the quality of tissue. Relative size 
is denoted as major or maximus (the larger) and minor 
or minimus (the smaller), longus (the longer), brevis (the 
shorter). By convention, muscles arise (have an origin) from 
bone or cartilage that is proximal (nearer to the trunk) to 
the insertion (insertio being Latin for attachment), which 
may be fleshy or tendinous.

Nervous system – Systema nervosum 
As with the muscular system, the nerves are too numerous 
to list here. Again, a good dictionary for nurses will be 
a help.2,3 The main divisions of the nervous system are 
the central nervous system, consisting of the brain and 
spinal cord, and the peripheral nervous system, with 
three components: the cranial, spinal and autonomic 
nerves. Cranial nerves arise from the brain and some 
have components of the autonomic system. Spinal nerves 
arise in pairs from each segment of the spinal cord. The 
autonomic (involuntary) nerves control such functions as 
the digestive process.

A number of nerves are named for the musculoskeletal 
feature or organ they innervate. In this case the adjectival 
form is used, and the word ‘nerve’ usually follows, for 
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Table 2. Skeletal anatomical terms in common usage, with their etymology (L: Latin; G: Greek), adjectival 
and plural forms

Noun Plural Adjective Etymology Combines asa

Zygoma Zygomata or zygomas Zygomatic L/G
Maxilla Maxillae Maxillary L Maxillofacial
Mandibula Mandibulae Mandibular L
Cervix Cervices Cervical L  Cervico-thoracic
Clavicula Claviculae Clavicular L
Acromion Acromia Acromial G Acromio-clavicular
Scapula Scapulae or scapulas Scapular L
Humerus Humeri Humeral L Humero-
Sternum Sterna or sternums Sternal L/G Sterno-
Vertebra Vertebrae Vertebral L
Ilium Ilia Iliac L Iliofemoral 
Sacrum Sacra Sacral L Sacralgia or sacroiliac 
Coccyx Coccyges Coccygeal G
Pubis/ os pubis Pubises Pubic L Puboiliac
Ischium Ischia Ischial L/G Ischiopubic
Radius Radii Radial L Radioulnar
Ulna Ulnae Ulnar L Usually follows: radioulnar
Carpus Carpi Carpal L/G Carpometa-carpal
Metacarpal Metacarpi Metacarpal L/G Metacarpo-phalangeal 
Phalange Phalanges Phalangeal G
Femur Femora Femoral L Femoroiliac
Coxa Coxae Coxal L/G Coxalgia 
Patella Patellae Patellar L Patello-femoral
Tibia Tibiae Tibial L Tibio-femoral
Fibula Fibulae Fibular L Usually follows; tibiofibular
Malleolus Malleoli Malleolar L
Tarsus Tarsi Tarsal G Tarso-metatarsal
Metatarsus Metatarsi Metatarsal G Metatarso-phalangeal

aAdded terms are shown in italics.

Table 3. Terms associated with the direction of movement and function of muscles

Term Action Abbreviation Example of usagea

Abductor Moves away abd. Abductor digiti minimi
Adductor Draws in, towards add. Adductor hallucis 
Extensor Extends, straightens ext. Extensor hallucis longus
Flexor Flexes, bends flex. Flexor carpi radialis 
Pronator Turns face down pron. Pronator teres
Supinator Turns onto back, face up sup. Supinator 
Tensor Tenses or stretches ten. Tensor fasciae latae

aAdded terms are shown in italics.

example ‘ulnar nerve’. Nerves are said to ‘branch’ and they 
can form a ‘plexus’ (Latin for plait). This arrangement 
allows for certain nerve trunks to contain fibres from 
different segments of the cord, for example lumbar plexus. 
A single nerve may have a plexus of branches. The names 
of some nerves combine position with the name of the 
structure they supply. For example, the facial nerve supplies 
the muscles of the face, while the medial cutaneous nerves 
supply the skin on the inner side.

Cardiovascular system – Systema cardiovascularae 
The cardiovascular system consists of the heart and all the 
blood vessels. As with the muscular and nervous systems, 
the system of veins and arteries is complex and reference 
should be made to a medical or nurses’ dictionary.

The names of arteries and veins often include their 
anatomical position and/or function as part of the 
nomenclature. For example, the arteria meningea media 
is the middle artery of the brain, supplying the outer 
meninges (covering of the brain). Arteria (plural arteriae) 

is the Latin form; the English translation is artery, with 
the adjectival form arterial. Similarly, vena (plural venae) 
is the Latin form; the English translation is vein and the 
adjectival form is venous.

Lymphatic system – Systema lymphoideum 
The lymphatic system consists of solid organs, such as the 
spleen, and numerous groups of lymph nodes that play an 
important part in the defences of the body. The names of 
primary and secondary lymphoid organs usually include 
the name of the organ they serve. The names of lymphatic 
nodes may combine their anatomical relationship to 
another organ with their position in relation to other nodes.

The major organs
The major organs are usually known by their non-Latin 
or Greek names, for example heart or coeur or corazon, 
but there are Latin or Greek terms for them, and these are 
usually used for their adjectival forms (Table 4).

Term Position and relationship Example of usage
Lateral On outer side Lateral malleolus 
Medial On middle or inner side Medial malleolus
Coronal Vertical, side to side, ‘slice’ through body Coronal plane 
Sagittal Anteroposterior median plane of body, or front-to-back ‘slice’ 

cutting body into right and left halves
Sagittal plane

Valgus Bent outwards Hallux valgus 
Varus Bent inwards Genu varum 
Inter Between two anatomical features Intercostal
Interstitial A space between closely packed tissues or cells Interstitial hernia
Intra Within, enclosed by an anatomical feature Intramuscular
Extra On the outside Extra-articular 
Peri Surrounding Periarticular
Proximal Nearest to the trunk Proximal phalanx 
Distal Furthest from trunk Distal phalanx 
Anterior Front surface of body or limb; in front Anterior lobe
Posterior Back surface of body or limb; behind Posterior chamber
Superior Upper, nearest to top of head Superior gluteal vein
Inferior Lower, nearer to feet Inferior thyroid vein
Superficialis Near surface of skin or organ; superficial
Profundus Remote from surface of skin or organ; deep
Ipsilateral On same side of body Right leg, right arm
Contralateral Opposite sides of body Right leg, left arm

Table 1. Terms denoting anatomical positions and relationships. Terms used assume that the human figure is standing 
facing the observer, with arms straight beside the body and palms of the hands turned towards the observer
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Abbreviations and acronyms
Authors should be discouraged from using abbreviations 
by clear advice in the guide to authors of individual 
journals. Where commonly used abbreviations are used 
(for example, CVS for cardiovascular system) they should 
always be given in full when first used. If the paper or 
chapter is long, the terms should be explained again at the 
beginning of each new section. Abbreviations used in tables 
or graphics should be explained in the legend or caption, 
not just in the text. Explanatory notes should be added if 
the author has failed to do so, even if an abbreviation is in 
common usage. For example CDH (congenital dislocation 
of the hip) and DDH (developmental dislocation of the hip) 
should be written in full at first mention, even though these 
abbreviations are in common use. If an editor is creating 
an in-house style book, a list of acceptable abbreviations 
and their full meanings within a specialty is very helpful 
to freelance or new in-house editorial staff. Excessive use 
of obscure abbreviations can lead to papers being rejected 
on the grounds that the author(s) have not considered their 
readers (or editors!).

Italics
Those reading a medical manuscript for the first time may 
be surprised by the apparently random use of italics. Your 
publication may have guidelines for their use.

Italics can be used to highlight the names of certain 
classes of item within the text, but anatomical features 
given in Latin are sometimes italicized and follow the 
rule of being written in full the first time, for example 
musculi fasciei (facial muscles) the first time, and m. fasciei 
thereafter.

Manuscripts may have sections of text underlined, and 
this usually denotes the author’s wish to have that portion 
of the text in italics when printed. With more sophisticated 
word-processing packages the use of underlining to denote 
italics is disappearing, but the possibility still has to be 
borne in mind.

Latin names that describe a process, or abnormal 
condition, may also be in italics if that is a specific journal’s 
house style: for example, hallux valgus (bunion), pes planus 
(flat foot) or coxa vara (decrease in angle of hip joint).

Upper case and eponyms
Until the 20th century, there was no strict formality in 
anatomy and medicine for naming anatomical structures 
and their variants, or diseases and symptoms. Even today, 

the name of the scientist or clinician who first reported or 
observed a phenomenon may be used, and may be linked 
with a co-worker’s name, the geographical location, or even 
the circumstances in which the observation was made. The 
names of individuals and places (proper names) are written 
with an initial capital; for example Auerbach’s plexus, 
Bigelow’s ligament, Colles’ fracture. All proper names used 
in English or Latin, whether used singly or in combination, 
have an upper case initial letter; for example Achilles 
tendon or tendo Achilles.

The use of eponyms is of some historical interest, but 
may not accurately denote the first observer. Eponyms may 
also differ in different countries even though they describe 
the same thing, and they may give no indication of the 
function or structure being described. Most specialist 
journals prefer the use of scientific names for anatomical 
structures, conditions, signs, and syndromes. In non-
scientific publications, such as newspapers, television and 
magazines, the use of eponyms is quite common. Over 400 
eponyms are listed in the index of eponyms in Terminologia 
Anatomica.1

Diacritical marks and diphthongs
Diacritical marks and diphthongs are not used in most 
contemporary publications, but may appear in older 
references. It is good practice for authors and editors 
to maintain these marks as they appear in the original 
reference, so that a reference to a classic paper will be 
recognized by the most pedantic database search engine, 
and as a courtesy to those with diacritical marks in the 
spelling of their names. Diphthongs have fallen into disuse, 
for example: æ and œ are now written as ae and oe in 
Europe and as e in North American English. House style 
will dictate which form is used in publications.
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Table 4. English names for major organs, with etymology, adjectival forms and possible combinations

Organ Greek/Latin (G/L) Adj. Combines asa

Brain Encephalon (G); also cerebrum (L) Encephalic; cerebral Encephalomyelitis; cerebrovascular
Heart Cor (L); also kardia Cordis; cardiac Basis cordis; cardiovascular
Lungs Pulmo (L) Pulmonary Pulmoaortic 
Liver Hepar (G) Hepatic Hepatolenticular 
Kidneys Nephros (G); also renum (L Nephritic; renal Nephrocardiac; renointestinal

aAdded terms are shown in italics.
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In 1753, the Swedish naturalist Carl Linnaeus (1707–1778) 
published his major botanical work, Species Plantarum, 
which was the starting point for the modern nomenclature 
of living beings. This nomenclature uses Latin or Latinized 
words and is universal: scientists from all countries can 
recognize a given organism by its Latin name. This Latin 
name consists of two parts: a noun (substantive) in the 
nominative case, which corresponds to the ‘genus’, followed 
by an epithet (adjective) that indicates the ‘species’ in that 
genus. This binomial system is applied both to plants and 
animals. For example, the scientific name of the common 
cat is Felis catus, and that of the wild rose is Rosa canina. In 
his book Linnaeus only named plants known in his time.

In the 1670s, the Dutch draper Antonie van Leeuwenhoek 
(1632–1723) was the first to see bacteria through a primitive 
microscope. One century later, the microbial world was still 
hardly known. In 1774, Linnaeus proposed the term Chaos 
as a generic name for the whole microscopic life.1 In 1786, 
the Danish naturalist Otto Friedrich Müller (1730–1784) 
described several species of bacteria and attempted the first 
bacterial classification.2 

Prokaryotes: Bacteria and Archaea
Prokaryotes are microorganisms whose cells lack a nucleus 
separated from the cytoplasm by a membrane. Prokaryotes 
were classified as bacteria until 1990, and currently 
prokaryotes are divided into two large groups: Bacteria and 
Archaea. The application of names to living beings is based 
on a type-specimen approach that relates the scientific 
name of every taxon to one particular specimen or group of 
specimens (taxon is any unit used in biological classification, 
which usually comprises other taxa of lower rank). Types 
are usually physical specimens kept in museums or special 
collections. In special cases, when it is not possible to have 
a physical specimen, an image can be designated as a type. 
In the case of prokaryotes, the type should be a culture 
maintained in one or several microbiology laboratories 
that act as repositories. Many prokaryotic species cannot 
be cultured and there are species that have not even been 
visualized but are known because genetic sequences of 
their genomes have been identified.

Nomenclature of bacteria
Bacteria and Archaea species have been traditionally 
named according to the rules and recommendations of the 
International Code of Botanical Nomenclature, because 
originally they were considered to be plants. (Archaea as 

2.3: Bacteriological nomenclature
Mercè Piqueras
International Microbiology, Barcelona, Spain; mpiqueras@microbios.org

Ricardo Guerrero
Department of Microbiology, University of Barcelona, Spain

a taxonomical category was established by Carl Woese in 
19903 before which all prokaryotes were considered to be 
bacteria. In this chapter, we will use the term ‘bacteria’ 
comprising both Bacteria and Archaea, following common 
practices.)

Bacteriologists participating in the International 
Botanical Congress held in Ithaca, New York, in 1926 
recommended that any bacterial name that had been 
published since 1753 (the year of publication of Linnaeus’ 
Species Plantarum) and was still recognizable should be 
accepted.1 Under the Botanical Code, living cultures were 
not allowed as type material. With bacteria, however, 
there was a conflict because living cultures were of utmost 
importance for bacterial taxonomy. A compromise 
was reached at the First International Congress of 
Microbiology, held in Paris in 1930, where it was decided 
that an international committee would be set up to handle 
all aspects of bacterial nomenclature and to prepare an 
independent code. The Bacteriological Code was finally 
approved in 1947, at the Fourth International Congress 
for Microbiology, held in Copenhagen.4 Nevertheless, 
it was not until the 1980s that taxonomists working on 
bacteria established rules specific to these organisms and 
decided that the only names with standing nomenclature 
would be those included in the Approved List of Bacterial 
Names and in validation lists that would be published in 
the International Journal of Systematic Bacteriology, now 
the International Journal of Systematic and Evolutionary 
Microbiology (IJSEM).

The new starting date for bacterial names was set 
as January 1980, and the Approved List comprised all 
the scientific bacterial names that had retained their 
nomenclatural validity from the past. Of the around 40,000 
names that were found in the scientific literature published 
over the last hundred years, only around 2000 names were 
included in the 1980 Approved List.5 According to the 
Bacteriological Code, the main purpose of giving a name to 
a taxon is ‘to supply a means of referring to it’.6 Note that the 
rules of the Bacteriological Code do not cover taxonomic 
categories above the rank of Class.

Currently, official lists of names can be consulted 
at several websites, including the List of Prokaryotic 
names with Standing in Nomenclature (LPSN), by J.P. 
Euzéby (www.bacterio.cict.fr); the Taxonomic Outline 
of Bacteria and Archaea (TOBA), by G.M. Garrity 
(www.taxonomicoutline.org/index.php/toba) and the 
Bacterial Nomenclature Up-to-Date database, compiled 
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species. The first time such serotypes appear in a text, the 
word ‘serotype’ or its abbreviation ‘ser.’ should be included 
between the genus name and the word that indicates the 
serotype. Example: Salmonella serotype Typhimurium or 
Salmonella ser. Typhimurium. Afterwards, the name of the 
serotype may be written without the indication of serotype: 
Salmonella Typhimurium.11,12

Nomenclature of cyanobacteria presents another 
problem due to the fact that until 1978 they were 
considered to be unicellular algae (cynanophyta or ‘blue-
green algae’). Thus, their nomenclature was governed by 
the International Code of Botanical Nomenclature, and 
the 1980 Approved Lists of Bacterial Names did not include 
any cyanobacterial species. Since then, most descriptions 
of new taxa have been published in botanical journals. 
Currently, only when a genus name has not been used in 
the botanical nomenclature earlier can a new species have 
its name validated as a prokaryote. Since 1978, only around 
40 articles dealing with cyanobacteria have been published 
in the IJSEM but they have received higher citations than 
other articles in the journal. This is proof that the IJSEM is 
an appropriate outlet for descriptions of new cyanobacterial 
taxa, as well as for studies on the phylogeny and other 
studies even of species named under the provisions of the 
International Code of Botanical Nomenclature.13

A new prokaryotic category, Candidatus, was discussed 
at the 1994 meeting of the International Committee of 
Systematic Bacteriology. The Committee agreed that 
Candidatus would be a useful category to name uncultured 
prokaryotes whose relatedness with other prokaryotes 
has been determined and whose authenticity has been 
verified by techniques for cell identification such as in 
situ probing or similar. Information about phenotypic 
properties must be made available for further studies and 
for the eventual description and naming. Candidatus is not 
a taxonomic rank but a status not formally recognized in 
the International Code of Nomenclature of Bacteria.14 The 
word Candidatus – in italic – precedes the Latin name of 
the provisional species, which is written in roman type. 
Example: ‘Candidatus Magnetoglobus multicellularis’ (note 
that the whole name is written within single quotation 
marks).

Citation practice
Latin bacterial names are printed in italics to distinguish 
them from the rest of the text. The name of a genus should 
be written in full the first time it appears in a publication, 
after which it can be abbreviated to the initial capital letter 
in the rest of the text. Recommended exceptions are: (a) 
when the generic name starts a sentence, (b) the first time it 
appears in the title of a table, and (c) the first time it appears 
in the legend of a figure. In a list or series of species that 
belong to the same genus, the name of the genus is usually 
spelled out for the first species and listed and abbreviated 
for the other species. If there are several generic names 
with the same initial letter, the names should be used in full 
each time they appear in the text. If a publication deals with 
species of different genera that have the same initial letter, 
using the one-letter abbreviation could lead to confusion; 

on the other hand, using unabbreviated generic names 
would increase the length of the article or chapter. In such 
a case, it is recommended to use three-letter abbreviations. 
If a name that is not valid is used, it should be cited 
within quotation marks. Example: ‘Staphylococcus albus’, 
which is a name formerly used for what are now several 
species. When current synonyms exist, some authors like 
to combine them putting the alternative generic name 
within parentheses, for example, Panthotea (Enterobacter) 
agglomerans. This should be advised against because it 
is a nomenclature form used for a species belonging to a 
subgenus, though this category between the genus and the 
species is seldom used.

Common (vernacular) bacterial names coined from the 
generic names are written in roman type without initial 
capital letter; the plural ending may be Latin or English 
(or whatever the language used in the text). Examples: 
staphylococcus/staphylococci in English, and estafilococo 
/estafilococo in Spanish; salmonella/salmonellae in 
English, and salmonel·la/salmonel·les in Catalan. Strains 
in culture collections usually have a number preceded by 
an abbreviation of the name of the culture collection. Type 
strains are indicated by a superscript capital T. Example: 
NCT 1185T is the type strain for Arcobacter cryaerophilus 
in the National Collection of Type Cultures in London.

The scientific Latin names assigned to a species should be 
pronounced according to Latin rules. Like Italian, Spanish, 
Portuguese, German, and Dutch, Latin is also written close 
to phonetics, and Latin words should be pronounced close 
to their spelling. Native speakers of languages pronounced 
differently from their spelling such as French and especially 
English tend to pronounce Latin names according to the 
rules of their own languages. They should try to pronounce 
at least the vowels as they are pronounced in Italian, 
Spanish, and Portuguese.15 For example, many English 
speaking microbiologists refer to Escherichia coli with the 
genus abbreviated (E. coli), uttering something like ‘ecoli’ 
(English pronunciation, [ ] in phonetic spelling), 
which can be difficult to understand for non-native 
English speakers, at least the first time they hear it – this 
is exacerbated by the common practice of placing the 
emphasis on the first syllable which adds to the confusion.

Coining new bacterial names
When a new genus or species is described for the first time, 
the authors must propose a new name, and the title of the 
article in which it is described must indicate it. The name 
is validated if it is published in the IJSEM, but if it is first 
published in another journal, the new name would have the 
status of ‘effectively published’ but not be validated. To have 
standing in nomenclature, the name must be published 
on a Validation List in the IJSEM. Sending a name for 
inclusion in the Validation List is an author’s responsibility. 
Authors must also take into account that the Bacteriological 
Code now requires that new names be typified with living 
cultures maintained in two registered culture collections.16 
Practical advice to form generic names and specific epithets 
can be found in Trüper15 and Trüper and Euzéby17, as well 
as in the instructions to authors of the IJSEM (http://ijs.

iː̍kəʊlaɪ

by the Leibnitz-Institut DSMZ-Deutsche Sammlung 
von Mikroorganismen und Zellkulturen GmbH (www.
dsmz.de/downloads/bacterial-nomenclature-up-to-date-
downloads.html). The validation of a name does not mean 
that it has been assigned correctly; it only establishes that 
the published name has priority standing in nomenclature.

In the above mentioned TOBA, taxa at the family level 
and above are based on the phylogeny of the 16S rRNA, a 
component of the small subunit of prokaryotic ribosomes. 
16S rRNA is used as a molecular constant because it occurs 
in all organisms, and its structure comprises conserved 
and variable regions (the former differing by less than 20% 
and the latter by more than 60%). Its base sequence also 
provides significant evolutionary information. In its 2007 
version, the TOBA included the corresponding identifiers 
of the Ribosomal Database Project (RDP) and GenBank 
(the genetic sequence database of the US National 
Institutes of Health) for the 16S rRNA sequences used in its 
taxonomic models. It also included the NamesforLife DOI 
(digital object identifier), a unique, permanent identifier of 
an information resource registered together with a URL, 
similar to DOIs identifying journal articles.

The taxonomic ‘trinity’
In contrast to bacterial nomenclature, there is no official 
taxonomy of bacteria. In fact, scientists may each hold 
different views when trying to classify a prokaryote. The 
Bergey’s Manual of Systematic Bacteriology provides a 
classification of prokaryotes that reflects the best consensus 
reached, but it is neither official nor fixed.7 Advances in 
techniques over the last few decades have led to changes in 
the classification of many species and genera.

Nomenclature, classification, and identification are the 
conceptual approaches that, in 1965, Sam Cowan called 
‘the trinity of taxonomy’.8 In fact, taxonomy is the science 
that (1) arranges units (that is, species) orderly into larger 
categories (classification), (2) labels the units defined by 
classification (nomenclature), and (3) recognizes unknown 
organisms with the units defined by classification and 
labelled by nomenclature (identification).9 According to 
Cowan, taxonomy is almost synonymous with systematics.8

Species are the fundamental unit of biological diversity. 
All living organisms are either prokaryotes (bacteria and 
archaea) or eukaryotes (protists, fungi, plants, and animals). 
Eukaryotes are organisms whose cells have a nucleus 
with a membrane that separates it from the cytoplasm. 
In eukaryotes, the species concept defines a population 
of organisms that can interbreed and are reproductively 
isolated from other interbreeding populations. In the 
case of prokaryotes, it is difficult to define what a species 
is because they lack sexual reproduction as well as many 
of the characteristics that are usually analysed to define 
eukaryotic species. In addition, prokaryotes can exchange 
genes, even among individuals of phylogenetically non-
related species. Another hindrance is the fact that many 
prokaryotic species cannot be cultured; thus, they cannot 
be isolated. Bacterial taxonomy is based on phenotypic, 
genotypic, and sequence-based phylogenetic data, as 
well as on several other criteria that have been adopted 

to distinguish bacterial species, such as ecology and 
physiology.

Currently, prokaryotic species are defined as collections 
of species that have several common independent features 
with a high degree of similarity. The major techniques 
to gather strains into a single species are DNA–DNA 
hybridization (more than 70%) and sequence identity of 
the 16S rRNA (at least 97%).

The taxonomic hierarchy
The basic category of the taxonomic hierarchy is the species. 
The most commonly used categories are (in ascending 
order, starting from species): species, genus, family, order 
and class. The name of the species is a Latinized binomen 
consisting of the name of the genus to which the species 
belongs – a noun in the singular written with an initial 
capital letter – followed by the specific epithet – an adjective. 
Example: Staphylococcus aureus. The names of the higher 
categories are Latinized nouns in the plural form, written 
with an initial capital letter. Example: Pseudomonadaceae 
(a family).

A species may be divided into two or more subspecies. 
The name of a subspecies is the name of the species 
followed by the abbreviation ‘subsp.’ – in roman type – 
and a subspecific epithet, which is an adjective. For the 
subspecies that includes the type strain of the species, 
the subspecific epithet is the same as the specific epithet. 
Example: Staphylococcus aureus subsp. aureus. The other 
subspecies have individual type strains.

There are still other ranks below subspecies such as 
biovar, serovar, phagovar, and pathovar. (The suffix -var 
comes from ‘variety’, and it replaced the former suffix-
type: biotype, serotype, etc.) They are used to gather strains 
that can be distinguished by some special characteristics 
including biochemical properties, antigenic makeup, 
reactions to bacteriophages, and pathogenicity. They do 
not have official standing in nomenclature, but they can be 
very practical.

In the case of Salmonella, a genus of pathogenic bacteria, 
the classification of its species has evolved over time, and 
so has its nomenclature. Serological identifications of two 
antigens (O, somatic, and H, flagellar) were at the basis 
of the classical one serotype-one species classification, 
which nowadays would result in more than 2500 species 
of Salmonella. Molecular studies carried out in the 
1970s, however, showed that most serotypes belonged 
indeed to only one species. Currently, the most common 
classification of Salmonella is that used at the US Centers 
for Disease Control and Prevention (CDC), which is based 
on the recommendations by the WHO Collaborating 
Center. According to this system, Salmonella comprises 
two species: S. enterica, the type species, and S. bongori, 
formerly subspecies V. A third species, S. subterranea 
was described in 2004.10 Salmonella enterica consists of 
six subspecies, which are referred to by a roman numeral 
and a name. Example: S. enterica subsp. indica (VI). As for 
serotypes, in the case of S. enterica subsp. enterica (I), they 
are referred to by a name which is not italicized and has 
the first letter capitalized, to make it clear that it is not a 
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sgmjournals.org/site/misc/ifora.pdf). Editors must be 
very careful with articles that deal with taxonomic issues, 
including descriptions of new species and proposals of new 
names. In such cases, it is strongly recommended that a 
systematist reviews the manuscript.
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Viruses
Viruses are elementary biosystems that possess genes, 
replicate, evolve, and adapt to particular hosts in particular 
ecological niches. Although viruses may be pathogens, 
they are not active outside their host cells. They depend 
on the host cell machinery for their replication, and 
they differ fundamentally from other biological entities, 
such as bacteria, which, by and large, can be regarded as 
autonomous entities. It is important to distinguish between 
viruses, which are physical entities, and viral taxa such as 
species, genera, or families, which are conceptual constructs 
used for classifying viruses.

International Committee on Taxonomy of Viruses
The authority on matters concerning virus classification 
and taxa nomenclature is the International Committee 
on Taxonomy of Viruses (ICTV, www.ictvonline.org), 
which is the only committee of the Virology Division of 
the International Union of Microbiological Societies. The 
ICTV is exclusively responsible for the classification of 
viruses into taxa and for the nomenclature of taxa but not 
for the nomenclature of viruses or their sub-classifications, 
such as strains, variants, and isolates.

The roles of the ICTV are laid down in statutes approved 
by the Virology Division (www.ictvonline.org/statutes.
asp). Its activities are regulated by the International Code 
of Virus Classification and Nomenclature (www.ictvonline.
org/codeOfVirusClassification_2002.asp).

The ICTV publishes reports every few years that 
represent definitive statements about virus taxonomy 
at the time of publication. The latest, ninth, report, was 
published in 2011.1 In between reports, new ratifications 
are published in the Virology Division News section of 
the journal Archives of Virology (the official journal of the 
International Union of Microbiological Societies) and are 
later posted on the ICTV website (www.ictvonline.org/
virologyDivisionNews.asp). The latest ICTV report and 
news updates should be consulted to ascertain which taxa 
are officially recognized.

The International Code of Virus Classification and 
Nomenclature stipulates that virus taxonomy shall be 
international and applied universally to all viruses, 
whether they infect animals, plants, fungi, chromists, or 
prokaryotes. The current virus classification system has the 
hierarchical taxa levels of order (top), family, subfamily, 
genus, and species (bottom). Viruses that are insufficiently 
characterized are not assigned to taxa. Individual lower 
taxa may be included in higher taxa or remain unassigned. 
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The ninth ICTV report lists 6 orders, 87 families, 19 
subfamilies, 349 genera, and 2284 viral species.1 The total 
number of taxa subsequently increased after two rounds of 
ICTV ratifications in 2012 and 2013.2

Although the taxon species is the most fundamental 
taxonomic category in all biological taxonomies, it was 
only in 1991 that the ICTV agreed that the concept of 
species be universally applied in virus classification. A 
species was then defined as a ‘polythetic class of viruses 
that constitute a replication lineage and occupy a particular 
ecological niche’.3-5 A polythetic class consists of members 
that have a number of properties in common but that do 
not share a single common property that could be used 
as a defining, discriminating property. Defining virus 
species as polythetic classes is useful because many of the 
properties used for demarcating species can be altered 
by a few nucleotide mutations, which often  results in 
the disappearance  of a property that can no longer be 
considered a defining character present in all the members 
of a species. The absence of a single common defining 
property for any virus species made demarcation of virus 
species a difficult task. It was only in the seventh ICTV 
report, published in 2000, that many virus species could for 
the first time be demarcated as polythetic classes.6

Principles of virus taxon nomenclature
One reason why the traditions of biological (zoological, 
botanical, and prokaryotic) nomenclature have not been 
adopted by virologists for the nomenclature of virus 
taxa is the unique position of viruses in biology. Virus 
nomenclature is independent and therefore does not follow 
the proposed International Code of Bionomenclature 
(BioCode; http://iczn.org/category/biocode/biocode).

All virus taxon names are capitalized and written in 
italics. This is in contrast to other biological taxonomies, 
which italicize only genus and species names but not those 
of higher taxa. As in other biological taxonomies, virus 
taxa levels can be differentiated by characteristic suffixes 
appended to their names: -virales (order), -viridae (family), 
-virinae (subfamily), -virus (genus). Examples are the order 
Mononegavirales, the family Picornaviridae, the subfamily 
Torovirinae, and the genus Tenuivirus. Virus species names 
consist of several components and still can take different 
styles: 
•	 Name + virus separated by a space (for example Measles 

virus, Borna disease virus);
•	 Name + virus separated by a space + classifier separated 

by a space (for example Simian virus 41);



2.4: Virus nomenclature

64 Science Editors’ Handbook

•	 Name + virus + classifier separated by a space (for 
example Betacoronavirus 1);

•	 Non-Latinized binomial names: Name + genus name 
in lower case separated by a space (for example Sudan 
ebolavirus as a member of the genus Ebolavirus). Note 
that this style is similar to the species name style used 
in other biological taxonomies, but that the order 
of genus–species is reversed to species–genus (for 
example in bacteriology, Escherichia coli is a member 
of the genus Escherichia).

If the species name consists of several words, the first 
word is always capitalized, whereas the other words are 
written in lower case, except if they are proper nouns (for 
example Porcine epidemic diarrhea virus, but West Nile 
virus). Taxa names are never abbreviated. 

The names of viruses that are members of different taxa 
are never italicized, and name components are capitalized 
only if they are proper nouns. As the names of viruses are 
mass nouns, articles are not used. The vernacular name of 
a group of viruses belonging to a taxon higher than species 
is directly related to the name of the higher taxon. This 
vernacular name usually has the suffix -virus(es). Specific 
suffixes (-virad(s) for order members; -virid(s) for family 
members; -virin(s) for subfamily members; and -virus(es) 
for genus members) have been suggested7 but have not yet 
been widely accepted by the virology community. Names of 
members of taxa higher than species are never abbreviated. 
For example:
•	 the members of the orders Mononegavirales and 

Nidovirales are called mononegaviruses/mononegavirads 
and nidoviruses/nidovirads, respectively;

•	 the members of the families Flaviviridae and 
Begomoviridae are called flaviviruses/flavivirids and 
begomoviruses/begomovirids, respectively;

•	 the members of the subfamilies Pneumovirinae or 
Torovirinae are called pneumoviruses/pneumovirins 
and toroviruses/torovirins, respectively;

•	 the members of the genera Morbillivirus and 
Alphavirus are called morbilliviruses and alphaviruses, 
respectively.

Problems arise when the names of taxa of different levels 
contain the same word stem and the specific suffixes are not 
used. For instance, the subfamilies Paramyxovirinae and 
Pneumovirinae are included in the family Paramyxoviridae. 
The members of the subfamilies are called paramyxoviruses 
and pneumoviruses, and the members of the family are 
called paramyxoviruses. A sentence such as ‘Concern is 
increasing over emerging paramyxoviruses’ is therefore 
ambiguous: it is unclear whether all paramyxoviruses (all 
the members of the family Paramyxoviridae, including 
pneumoviruses) are increasingly emerging or only the 
members of the subfamily Paramyxovirinae are meant. 
ICTV has yet to address this issue.

The names of species members are the virus names. 
Virus and species names can be identical or spelt differently 
but are always differentiated, because the virus names are in 
Roman type and not capitalized, whereas the species names 

are in italics with the first letter capitalized. For instance, 
measles virus is a member of the species Measles virus, and 
Ebola virus is a member of the species Zaire ebolavirus. 
Virus names may be abbreviated: for example, SARS-
CoV for severe acute respiratory syndrome coronavirus 
or MACV for Machupo virus. Although the ICTV is not 
responsible for devising virus names or their abbreviations, 
quasi-official abbreviations of virus name exist and should 
be used for consistency in manuscript writing. These 
abbreviations can be found in the latest ICTV report.1

Differentiating taxa and viruses
It is important to differentiate between taxa (concepts of 
the mind) and viruses (physical entities).8-13 When an 
author is referring to viruses as concrete physical entities 
that, for instance, cause disease or the virions of which are 
centrifuged or visualized under an electron microscope, 
the name of the viruses must be written in lower-case 
Roman script. One cannot purify, centrifuge, or visualize 
an abstract idea, such as a taxon. A species cannot become 
extinct: only its members can become extinct:
•	 It is correct to write that ‘filovirus glycoprotein 

structures have been determined’ but incorrect to 
write that ‘Filoviridae glycoprotein structures have 
been determined’;

•	 It is correct to write that ‘measles virus causes 
childhood diseases’ but incorrect to write that ‘Measles 
virus causes childhood diseases’ (Table 1).

In the majority of scientific publications, taxa (italicized) 
names need be mentioned only once (in the materials and 
methods section). The remainder of the text usually refers 
to experiments with actual viruses, and therefore virus 
names (not italicized, not capitalized) should be used.

Disclaimer
The content of this publication does not necessarily reflect 
the views or policies of the United States Department of 
Health and Human Services or of the institution and 
company affiliated with the author. The author performed 
this work as an employee of Tunnell Consulting, Inc., a 
subcontractor to Battelle Memorial Institute under its 
prime contract with the National Institute of Allergy and 
Infectious Diseases, Contract No. HHSN272200200016I.
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Table 1. Examples of correct and incorrect usage of virus taxon nomenclature (Note correct capitalization and use of italics)

Correct usage Incorrect usage

Nyamanini and Midway viruses require the establishment of a 
novel taxon in the order Mononegavirales.
Nyamanini and Midway virus are novel mononegaviruses.
Nyamanini and Midway virus are novel mononegavirads.

Nyamanini and Midway viruses are novel Mononegavirales.

As is commonly known, nidovirus matrix proteins bind cellular 
membranes.
As is commonly known, nidovirad matrix proteins bind cellular 
membranes.
As is commonly known, nidoviral matrix proteins bind cellular 
membranes.

As is commonly known, Nidovirales matrix proteins bind cellular 
membranes.

The recently discovered white bream virus is a novel member of 
the order Nidovirales.

The recently discovered White bream virus is a novel member of 
the order Nidovirales.

Africa and South America define the geographic distribution of 
arenaviruses.
Africa and South America define the geographic distribution of 
arenavirids.

Africa and South America define the geographic distribution of 
the Arenaviridae.

Tobacco plants (Nicotiana tabacum) have been inoculated with 
tobacco mosaic virus.

Nicotiana tabacum has been inoculated with Tobacco mosaic 
virus.
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The International Code of Zoological Nomenclature (the 
Code) is the internationally agreed set of rules for the 
scientific names of animals that ensures the stability and 
universality of zoological names. This chapter is a brief 
overview of selected topics of special relevance to editors, 
based on their mention in the Code or prevalence in 
enquiries to the Commission and Secretariat.1 We cannot 
cover all the issues you might encounter, but more detail 
can be found in the following documents published by the 
International Commission on Zoological Nomenclature, 
which together comprise the authoritative, current, 
amended text of the Code:  The 4th edition of the Code2, 
Declaration 443 and the Amendment of Articles.4 We 
suggest that your journal’s Instructions to Authors state 
that nomenclature must follow the current (4th) edition of 
the Code, taking into account later amendments, and give 
the web address of the Commission where the online Code, 
amendments and a selection of FAQs addressing common 
problems can be accessed (http://iczn.org/).

The Commission and the Code
The International Commission on Zoological 
Nomenclature (ICZN or ‘the Commission’) acts as adviser 
and arbiter for the zoological community by producing 
the Code and by resolving nomenclatural problems that 
cannot be solved by application of the rules of the Code 
by authors themselves. The Code gives a general overview 
in its introductory sections, and provides mandatory rules 
through its ‘Articles’ (here represented by ‘Art.’ for brevity). 
These are supplemented by advisory ‘Recommendations’. 
In specific cases where the precise application of the 
rules would threaten stability of nomenclature or cause 
confusion, the Commission has the power to issue 
rulings, called ‘Opinions’ or ‘Declarations’, suspending 
or modifying the rules to resolve the problem. These are 
implemented through the ICZN technical journal, the 
Bulletin of Zoological Nomenclature, with summary results 
available online (iczn.org/).
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General advice
To ensure effective peer review of taxonomic papers, 
we recommend journals include expertise in zoological 
nomenclature among their editorial boards or at least among 
the reviewers. ICZN Commissioners can be approached to 
assist editorial boards: iczn.org/commissioners.

As recommended for all journals, editors should 
avoid publishing material which appears to contain any 
potentially offensive behaviour or language (Appendix A: 
Code of Ethics). 

The Commission does not recognize the Phylocode and, 
to avoid confusion, recommends that Phylocode is not used 
for publishing zoological names and nomenclatural acts. 

The Code does not regulate vernacular (common) names, 
nor does it regulate taxonomists in subjective matters of 
taxonomic judgement. For example, the choice of which 
classification is correct for a particular group of animals, 
or how best to characterize a taxon, is entirely a matter of 
taxonomic judgement not subject to rules of the Code.

Key concepts
Some words used in nomenclature have technical definitions 
which differ from their everyday meanings; definitions are 
in the Glossary of the Code. Key concepts are:

Binominal names (sometimes called binomial names) 
− Editors should ensure scientific names of animals are 
written following the Principle of Binominal Nomenclature 
(Art. 5) so they can be easily recognized as such.

Availability − Taxonomic papers commonly include 
descriptions of new taxa and the establishment of new 
names for them. ‘Availability’ is a technical term in zoological 
nomenclature which means a name has gained a formal 
status through publication, and only then can be taken into 
account as a part of zoological nomenclature (ch. 4). Names 
that are not available effectively do not exist for the purposes 
of zoological nomenclature and should not be used. Names 
should be unique, unambiguous and universal and formed 
following precise rules (ch. 7).

Types − Available names for species and subspecies 
are based on name-bearing type specimens, the objective 

standard of reference for the application of scientific names 
of animals (Art. 61) (see below). We recognize four kinds 
of name-bearing types with different properties: holotypes, 
syntypes, lectotypes, and neotypes. Currently fixation of 
types must be explicit (Art. 16.4). 

Publication − For the purposes of the Code, publication 
is the issuing of a work: a) as a permanent scientific record; 
b) obtainable free of charge or by purchase; and c) produced 
simultaneously either in numerous durable identical copies 
or widely accessibly electronic copies with fixed content 
and layout (Art. 8, 9). Valid publication is a requirement for 
the availability (i.e. Code-compliance) of names. Authors, 
editors or publishers may disclaim their own published 
works for the purpose of nomenclature (Art. 8.3) if they 
do not wish new names to become available. Establishing 
publication dates is essential to determine the precedence 
of names that are synonyms or homonyms.

Format of names – how to write names correctly

Standard formats for names
•	 Following the Principle of Binominal Nomenclature 

(i.e. composed of two names) a species name or 
‘binomen’ is a combination of a genus name (such 
as Apis) and a specific name (such as mellifera). The 
genus name is first, and must start with an upper-
case letter, the specific name second, starting with a 
lower-case letter (Art. 28; Appendix B.6). A genus may 
include a number of different species. If a subspecies is 
recognized, the subspecific name follows the specific 
name. If a subgenus is recognized, the subgenus name 
is placed in parentheses between the name of the genus 
and the specific name.

•	 Citing the author and date of publication is optional 
but often advisable (Art.51) and is added after the 
binominal name – Apis mellifera Linnaeus, 1758. 

Use of italics
The genus, subgenus, species and subspecies names are 
conventionally written in italics; this is advisable but not 
mandatory (Appendix B.6). Family-group names, including 
superfamily, family, subfamily, tribe and subtribe, are not 
italicized.

Permissible alphabets and symbols
Only the 26 letters of the Latin alphabet (a to z) are used for 
scientific names of animals (Art. 11.2). Usually the spelling 
in the original description is followed (Art. 32), but accents 
or other marks must be changed to the regular Latin 
alphabet by later users. Gaps, apostrophes and hyphens are 
removed (except where the first element is a Latin letter 
used to describe a character of the taxon, e.g. c-album, Art. 
32.5.2.4.3) and numbers spelled out in letters (Art. 32.5.2).

Shortening names to save space
•	 After its first mention in a work (excepting the title) 

the genus name in a binominal name can be shortened 
to one or more letters (Appendix B.11) for example, 
Apis mellifera can be written as A. mellifera. Two (or 

more) letter abbreviations may be used when using 
two genus names with the same initial letter(s), e.g. Ae. 
for Aedes and An. for Anopheles.

•	 It is advisable to write a species name with its author(s) 
and date at least once in a work (Recommendation 
51A; Appendix B.10), usually on first mention. The 
author and date can be omitted elsewhere if this will 
not cause confusion.

•	 The names of authors of scientific names are not usually 
abbreviated, however when a name is published by 
more than two authors, the name of the first author may 
be cited alone and followed by the term ‘et al.’ (meaning 
‘and others’) with the full names of all the authors cited 
in the bibliography (Appendix B.12) when practical.

Use of brackets around author name
If a species has been transferred to a genus other than 
the one in which it was originally described, the original 
author’s name and date are put in parentheses. The lion, 
for example, was originally described by Linnaeus as Felis 
leo, in full Felis leo Linnaeus, 1758, but as knowledge of 
the cat family developed the genus Felis was split, the lion 
was placed in the genus Panthera, and so the name is now 
Panthera leo (Linnaeus, 1758) (Art. 51.3).

Punctuation of names
Apart from a parenthesis there must be no other 
punctuation between the species name and the name of the 
original author (Art. 51.2). However, punctuation can be 
used to indicate a citation (Art. 51.2.1), for example, Apis 
mellifera Linnaeus, 1758 was originally named by Linnaeus 
in a book published in the year 1758, whereas Apis mellifera: 
Michener, 2000 or Apis mellifera, sensu Michener, 2000, 
means the bee species Apis mellifera as later referred to by 
Michener (2000), thus helping to avoid confusion over who 
is the original author of a name.

Gender agreement
A specific name that is a Latin/Latinized adjective must 
change ending to agree in gender with its genus name 
(nouns and genitives are unchanged). Genus names can 
be masculine, feminine or neuter – to determine which 
see Art. 30 and dictionaries. This can become apparent 
when such a species is transferred to a new genus, e.g., the 
bee Apis calceata (-a ending with a feminine genus) when 
transferred becomes Lasioglossum calceatum (-um ending 
with a neuter genus). Irregular adjectives are sometimes 
found and some specific names which are nouns have 
endings which look like adjectives, so we recommend 
checking a dictionary if in doubt (Art. 31.2).

Basing a specific name on a personal name
A specific name based on a personal name should follow 
Latin grammar; it may be a noun in the genitive case, 
a noun in apposition (nominative case) or an adjective 
(Art.31). 

ZooBank and the registration of names
ZooBank is the online version of the Official Register of 
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Zoological Nomenclature (zoobank.org) for the registration 
of the following:
•	 Publications − publications that contain nomenclatural 

acts.
•	 Nomenclatural Acts − published proposals and 

usages of scientific names of animals, which affect 
the nomenclatural status of a scientific name or the 
typification of a nominal taxon.

•	 Authors − names of authors of publications.
•	 Type Specimens − the registration of type specimens is 

under development at the time of writing.

Electronic works must be registered in ZooBank before 
publication and include registration information in the 
text to meet criteria for valid publication; physical works 
may also be registered. We also strongly recommend the 
registration of new names; while not mandatory this assists 
with wide dissemination of the name. Anyone can create a 
ZooBank account and a tutorial is available, thus journals 
can decide if they will take on the responsibility for 
ZooBank registration themselves, or require this from their 
authors. Journal-level editorial access is available through 
correspondence with ZooBank administrators.

Publication of works
Authors, editors and publishers are responsible for ensuring 
that works containing new names or nomenclatural acts 
are clearly published within the rules of the Code. Works 
should contain the date of publication, and information 
about where copies may be obtained (Recommendation 8F).

Wide dissemination
Authors and editors should widely publicise new scientific 
names, nomenclatural acts, and information affecting 
nomenclature. This can be by publication in appropriate 
scientific journals or well-known monographic series, by 
registering new names and acts in the Official Register of 
Zoological Nomenclature (ZooBank) and by sending a copy 
of the work to the Zoological Record (Recommendation 
8A; Appendix B.9).

Inclusion of disclaimers
Works that are not issued for public and permanent 
scientific record (such as symposium abstracts, or notices 
of papers to be delivered at a meeting, minutes, etc.) are not 
valid publications and do not make names and taxonomic 
acts available (Art. 9.10). If such works contain new names 
and acts a disclaimer should be clearly included (at the 
beginning of the work)  (Art. 8.2) so that the names and 
acts are clearly not available and do not enter zoological 
nomenclature unintentionally (Recommendation 8G). 

Completeness of descriptions of new taxa
Editors should ensure that the whole of the description and 
illustrations of a new nominal taxon, and particularly any 
nomenclatural acts or data needed to confer availability 
on its name, are published in the same work on the same 
day (Recommendation 10A). This is particularly important 
where supplementary information is removed from 

hard-copy publications and published only in electronic 
publications which do not meet the criteria for valid 
publication, when the availability of a name will depend 
only on what is published in the hard copy.

Date
For journals comprising both electronic and paper editions, 
a name or nomenclatural act takes its date of publication 
from the edition that is first validly published (Art. 21.9).

Publication of works issued as physical copies
After 2012 printing on paper is the only recognized format 
for works issued as physical copies; publication on optical 
discs is no longer allowed (Art. 8.4).

Specification of date
The day of publication of a work must be stated, including 
that of each component part of serial publications 
(Recommendation 21C).

Bibliographic information on separates and preprints
Separate publications (reprints or offprints) must contain 
a complete bibliographic citation of the original work and 
have the same pagination as the complete work. Preprints, 
with their own date of publication, should be identified 
clearly as such (Recommendation 21E).

Publication on specified date
No publication or distribution must take place prior to the 
specified date of publication (Recommendation 21A).

Publication of works issued and distributed as 
electronic copies
Following the recent published amendment to the Code, 
electronic publication is allowed after 2011 under certain 
conditions (ICZN, 2012), provided that: the work is in a 
form which guarantees fixed content and layout (Art. 8.1); 
the work has the publication date stated in it; and the work 
is registered in ZooBank and contains evidence of that 
registration (Art. 8.5). The entry in ZooBank must contain 
details of: an organization other than the publisher that is 
intended to permanently archive the work, and an ISBN or 
ISSN for the work.

We recommend that: 
•	 electronic works are structured to allow automated 

indexing and data extraction, and contain hyperlinks 
to ZooBank where appropriate (Recommendation 8C);

•	 the content of an electronic work should be immutable 
once published; corrections should be made in separate 
publications (Recommendation 8D);

•	 electronic works should be archived with more 
than one archiving organization and such archiving 
organizations must have a permanent licence to make 
a work accessible should the publisher no longer do so 
(Recommendation 8H).

The following electronic works are not validly published: 
(a) preliminary versions of works accessible electronically 
in advance of publication; (b) works distributed by 

electronic signals (e.g., via the internet) but not fulfilling 
the requirements of Art. 8.1 and 8.5 (Art. 9).

The Commission supports open access to electronic 
publications, e.g., following the principles of the Creative 
Commons license (creativecommons.org).

Publication of new species names
Authors, editors and publishers are responsible for ensuring 
that names are self-evidently made available within the 
rules of the Code. To become available, new names must be 
published following the criteria in Art. 1.3 and 10−20. The 
criteria have become stricter over time, reflecting improved 
standards. Some of the main criteria currently are:
•	 Names must be formed of the 26 letters of the Latin 

alphabet (Art. 11.2);
•	 Binominal nomenclature must be used (Art. 11.4);
•	 Specific names must contain two or more letters (Art. 

11.8-9);
•	 A specific name must be published in combination 

with a genus name (Art. 11.9);
•	 There must be a description that is intended to 

distinguish the taxon from other taxa, or a reference to 
a previously published description, or the name must 
be expressly proposed as a new replacement name for 
an older available name (Art. 13);

•	 Anonymously published names are not available (Art. 
14);

•	 Names published for varieties or forms are not 
available (Art. 15);

•	 New names must not be proposed conditionally (Art. 
15);

•	 New names must be indicated as new (Art. 16);
•	 Types must be fixed for species names (Art. 16);
•	 Names are not available (Art. 1.1, 1.2, 1.3, 10.2, 13.6) 

if proposed for: things which are not animals (or their 
fossils or works); hypothetical concepts; teratological 
specimens as such; hybrid specimens; taxa below 
the rank of subspecies; temporary reference (not for 
formal taxonomic use); the works of extant animals, 
such as nests and tracks.

A name should not be cited before its intended 
establishment (see also Appendix A, the ‘Code of Ethics’), 
and should not be called ‘new’ except at the time of its 
establishment (Appendix B10).

For general advice on the establishment of new names 
please refer to Appendix B of the Code. For further advice 
on describing new species see Taylor et al.5 and Winston6.
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The naming of all organisms traditionally studied by 
botanists, including algae, fungi and plants, is controlled by 
the International Code of Nomenclature for algae, fungi, and 
plants (Melbourne Code) (ICN)1, except for cultivated plants, 
which are subject to the International Code of Nomenclature 
for Cultivated Plants (ICNCP).2 The ICN is revised at 6-year 
intervals at successive international botanical congresses, 
the most recent having been held in Melbourne, Australia, 
in 2011, and the next to be convened in Shenzhen, China, 
in 2017. The decisions take effect immediately after they 
are approved, unless a particular date is specified, and the 
results of the voting are published in Taxon (the journal 
of the International Association for Plant Taxonomy) soon 
after each congress. The debates are also taped and in most 
cases published.3 The transcripts can provide insights into 
the meaning of particular provisions. The official version is 
published now only in English, but translations have been 
produced and exist for some editions in Chinese, French, 
German, Italian, Japanese, Russian, Slovak, and Spanish.

As important changes can be, and often are, made at 
each congress, it is imperative that editors have the latest 
edition to hand. This is particularly true for the Melbourne 
Code, to which several fundamental changes were made. 
The drastic changes start with the title, which had been the 
International Code of Botanical Nomenclature since 1952. 
The new title, International Code of Nomenclature for algae, 
fungi, and plants, recognizes that some algal groups and 
fungi are not members of the plant kingdom. Lower case is 
used in the title for ‘algae, fungi, and plants’ to make clear 
that these terms are used in a traditional and not a formal 
scientific sense.

In referring to the ICN, or to any of the other sets of 
internationally agreed rules, for example those governing 
prokaryotes or animals, it is common editorial practice to 
use Code in italics rather than to cite the full title or acronym. 
When it is desirable to differentiate editions, however, it is 
common practice to refer to them by the place in which 
they were approved, for example, as the ‘Sydney Code’ or 
the ‘Vienna Code’ (in Roman not italic type). The Code 
comprises numbered principles (abbreviated ‘Prin.’ when 
referred to in other papers), mandatory articles (‘Art.’), 
optional but generally followed recommendations (‘Rec.’), 
and numerous examples (‘Ex.’) of how particular provisions 
work. There is also an appendix on names of hybrids and a 
glossary. Previous editions had additional Appendices with 
lists of names that have some special nomenclatural status; 
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starting with the Melbourne Congress, however, these are 
now to be published separately.

In the period between congresses, nomenclatural 
matters are taken care of by the General Committee on 
Nomenclature and five committees, each devoted to a 
particular group of organisms (viz. Algae, Bryophytes, 
Fossils, Fungi, Vascular plants). Proposals to change the 
provisions of the Code or to retain or reject particular 
names are published in Taxon and voted on by one or 
more committees, their rulings being accepted subject to 
ratification at the next congress.

More information is available on the Code’s operation4, 
history5, and prospects.6 A pragmatic introduction to the 
workings of the Melbourne Code is provided by Turland.7

Coverage
The ICN covers living and fossil organisms traditionally 
studied by botanists, even though many are now 
placed in different kingdoms: cyanobacteria (blue-green 
algae), fungi (including chytrids, lichen-forming fungi, 
oomycetes or straminipiles, and yeasts), slime moulds, and 
photosynthetic protists (with related non-photosynthetic 
groups). A problem can arise when organisms originally 
named under one Code are classified in a kingdom covered 
by a different Code, an issue still being considered by the 
authorities responsible for the different Codes.

Italicization
The Code does not rule on whether scientific names should 
be italicized, this being viewed as a matter of editorial 
style and tradition. This has, however, been the practice 
in the Code since at least 1935, and the preface to the 
Melbourne Code states: ‘editors and authors, in the interest 
of international uniformity, may wish to consider adhering 
to the practice exemplified by the Code’. The practice has 
varied according to the journal, and different style manuals 
offer conflicting advice (eg italicizing generic, specific, and 
lower rank names only, or also italicizing family names, or 
also order and family names).

Italicization is used in the Code for all scientific names, 
regardless of their rank, that is from those of kingdoms 
to forms (for example Plantae, Ascomycota, Ranunculales, 
Rosaceae, Primula vulgaris, Phallus impudicus var. togatus). 
Terms denoting rank, such as ‘sect.’ (for section), ‘subgen.’ 
(subgenus), ‘var.’ (variety), or ‘f.’ (form), are not themselves 
placed in italics. This convention makes scientific names 

instantly recognizable as such and distinguishable from 
those used colloquially. For example, ‘Fungi’ denotes 
the kingdom of that name, whereas ‘fungi’ denotes all 
organisms traditionally regarded as fungi regardless of 
whether they are members of the kingdom. Use of italics 
for all scientific names governed by the ICN is commended 
for adoption by all editors not yet following the model of 
the Code. The only exceptions are names not regulated by 
the ICN, that is, cultivar names (see below).

Ranks
The hierarchy of principal ranks is: kingdom, phylum 
(preferred over the alternative ‘division’), class, order, 
family, tribe, genus, species, subspecies, variety, and form. 
Additional ranks are provided by adding the prefix ‘sub-’ 
(but not ‘super-’). Ranks of phylum (eg –phyta, -mycota), 
order (-ales), and family (-aceae) are recognizable by the 
endings of the names; it is therefore unnecessary to state the 
rank when using them. For ranks below species, however, 
a term for the rank must always be inserted, as in Carex 
muricata subsp. lamprocarpa. In zoology, no rank denoting 
term is used below species, as only one is recognized, 
that of subspecies. It is recommended that species names 
commemorating a person always start with a lowercase 
letter, but that is not mandatory. Hyphens are acceptable 
in names, provided they were included in them when first 
introduced, but later authors are free to omit them if they 
so wish; that is a common editorial practice.

Scientific names of species always consist of two parts, 
a generic name and a species epithet. For example, in the 
plant known as Bellis perennis, Bellis is the generic name 
and perennis that of the particular species within the 
genus Bellis. When repeated references are made either 
to the same species or to different species belonging to 
the same genus, it is customary to abbreviate the generic 
name to its first letter, to B. perennis in this example. The 
two-element, binomial, the species name, however, should 
always be given in full at first mention, and many editors 
prefer to use this also for first mentions in different sections 
or paragraphs, especially if the name appears on different 
pages. An abbreviated generic name should not be used 
in the title of a work, except if the second or subsequent 
species of the same genus is being named. When an 
abbreviated one-letter generic name is used, it should 
always be possible to scan back from that point to find 
where it was last expanded in the preceding text. Authors 
sometimes include a scientific name in brackets between 
a generic name and a species epithet. This is permissible 
when the name is that of the subgenus or section of the 
genus to which the species belongs. For instance, Cladonia 
(Cladina) rangiferina indicates that the species Cladonia 
rangiferina belongs in Cladonia subgen. Cladina. A 
common misuse of this type of bracketed citation is to 
indicate situations in which an organism was placed in a 
different genus in an alternative or older classification, as in 
Aspergillus (Neosartorya) fischeri. In this case, it is better to 
use the form Aspergillus fischeri (syn. Neosartorya fischeri), 
in which ‘syn.’ is an abbreviation for ‘synonym’.

Hybrids between different genera and species are 

indicated by using a multiplication sign ‘×’. This can be placed 
between the names of the parents, as in Potentilla anglica × 
P. erecta. Alternatively, hybrids can be given independent 
scientific names, in which case the multiplication sign is 
placed directly next to the name without any space, for 
instance Potentilla×anglica; however, a space is permitted 
if a multiplication sign cannot be generated in the typeface 
employed and an ‘x’ has to be used, ie Potentilla x anglica.

The names of cultivated varieties (cultivars) of plant 
names are controlled by the ICNCP. These names are not 
Latinized and never italicized; instead they are placed 
between inverted commas after the scientific name, for 
example Rubus nitidoides cv. ‘Merton Early’ (the ‘cv.’ often 
being omitted). When a group of cultivars is recognized, 
the group name is placed in brackets, as in Rosa (Hybrid 
Tea Group) ‘Richmond’. The ICNCP also deals with grafts, 
which are treated in a parallel way to hybrids except that a 
plus sign ‘+’ is used instead of an ‘×’.

The rank of special form (‘f. sp.’), sometimes unnecessarily 
Latinized as ‘forma speciales’, is not regulated by any Code 
and is not to be confused with the rank of form (‘f.’). It is 
used for parasites, especially fungi, which are distinguished 
by the effects they have on different host plants but which 
are not or scarcely separable by morphological criteria, for 
example Fusarium oxysporum f. sp. elaedis on oil palm and 
f. sp. lycopersici on tomato. This is essentially a temporary 
category available for use until there are sufficient data to 
justify use of one of the formal ranks recognized by the ICN. 
With molecular phylogeny, this process is being accelerated, 
so that usage of the category and the introduction of new 
special form names is expected to decline.

Author citations
It has been common practice to add the name of the 
author(s) after scientific names in scientific publications. 
The current ICN makes clear, however, that the practice 
is not mandatory but ‘may be desirable’, particularly in 
publications dealing with taxonomy and nomenclature. 
Journals that still require authors to provide such citations, 
regardless of the type of paper, should reconsider their 
policy in the light of this change in the Code. In ecological 
and physiological papers, citations are rarely verified by the 
authors, are commonly copied from outdated works, and 
are therefore frequently incorrect. When a species name 
was originally described in a genus or at a rank different 
from that in which it is now placed, the names of the 
author(s) of the original name are placed in brackets and 
that of the author who first used it in the current form 
after the brackets, for example Nothofagus antarctica (G. 
Forst.) Oerst. was originally described as Fagus antarctica 
G. Forst. Square brackets should be avoided as they were 
formerly used to indicate names published before 1753. 
An ‘ex’ between two authors’ names indicates that it was 
not validly published (see below) by the first author and 
that the requirements were fulfilled later by the second. For 
fungal names, ‘: Fr.’ or ‘: Pers.’ after the name of an author 
shows that the name has a specially protected status and 
was sanctioned for use in particular publications by, in this 
case, Fries or Persoon, respectively; it applies only to those 
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two authors (see Korf8 for further discussion). For ranks 
below species, an author citation is used only after the lower 
rank name, except when the latter repeats the species name, 
that is Xanthoria fallax var. subsorediosa (Räs.) Awasthi but 
X. fallax (Hepp) Du Rietz var. fallax. For further discussion 
of author citations see Hawksworth9.

The names of authors are generally abbreviated in such 
a manner as to render them unique and so avoid confusion 
with others; in some cases, one or more initials has to 
be added or a forename given in full, eg D. Hawksw. to 
distinguish myself from Hawksw. (for F. G. Hawksworth, 
1926–1993). The scheme of Brummitt and Powell10, 
covering about 30 000 authors in all groups of organisms 
covered by the ICN, is now in general use as a standard (the 
subset of fungal authors is also published separately11).

Author citations are not used for cultivated plant 
varieties.

Effective publication
Distribution of printed matter has traditionally been the 
mechanism for effecting publication, primarily in books or 
scientific periodicals, with trade catalogues and newspapers 
disallowed. This changed from 1 January 2012. On or after 
that date, electronic distribution of material in PDF format 
is allowed, provided that the online publication had an 
ISSN or ISBN number, as appropriate. In the case of works 
appearing in both printed and electronic versions, the date 
of effective publication is that which appeared in final form 
first. For that reason, it is important for editors to ensure 
that dates of online publication are given in print copies 
of publications, something that is now already common 
practice. Further information on electronic publication 
practices under the Melbourne Code, including what is 
acceptable and what is not, is provided by Knapp et al.12

Valid publication
When new scientific names are introduced, they are 
generally given in bold Roman type, followed by the author 
citation (correctly abbreviated, see above), and then ‘gen. 
nov.’, ‘sp. nov.’ (ideally in bold), for example, for new 
genera and species. There are also criteria, in addition to 
effective publication (see above), which must be met in 
order for names to be accepted as validly published and to 
enter the body of scientific literature.

The criteria have been changed by different congresses. 
The key ones pertinent to authors today are: (1) the names 
must be formed in an appropriate manner for the rank; (2) 
a description or diagnosis (that is a short statement of how 
the organism differs from others) must be provided in either 
English or Latin after 1 January 2012; (3) a nomenclatural 
type (see below) must be designated; (4) the name must be 
clearly accepted and not mentioned casually; (5) the ranks 
used must be in the correct hierarchical sequence; and (6) 
all criteria must be fulfilled at the same time. In the case of 
fungi, an identifier issued by a recognized repository must 
also be cited for names appearing on or after 1 January 2013 
(see under Registration below).

Use of English as an alternative to Latin for validating 
scientific names was another major change adopted by 

the Melbourne Congress. The use of Latin had been 
mandatory since 1935, except for fossils. In order to 
comply with the Latin requirement, authors commonly 
used a short statement in Latin of how a newly introduced 
organism differed from others (a diagnosis), followed by a 
fuller account of all observed characters of the organism 
in another language (a description). Diagnoses have the 
attraction of providing a clear statement of distinguishing 
features, and several journals have already adopted the 
practice of requiring authors to provide a terse diagnosis in 
English as well as a detailed description in English or some 
other language. While most authors are now using English 
rather than Latin for validating diagnoses or descriptions, 
editors should be aware that this is not mandatory and they 
still have this option. An authoritative guide to botanical 
Latin is provided by Stearn.13

An illustration must accompany newly published names 
of fossils, and it is sound practice to encourage all authors 
also to provide illustrations, at least showing diagnostic 
features.

When the position or rank of an already described 
organism is changed, for example if a species is transferred 
from one genus to another, the full reference to the original 
place of publication is required (with volume number, the 
precise page number, and date), and the change must be 
indicated by ‘comb. nov.’. In the case of fungi, as is the 
case for newly described organisms, an identifier issued 
by a recognized repository must also be cited for names 
appearing on or after 1 January 2013 (see under Registration 
below).

Scientific names are treated as Latin but can come from 
any source. It is becoming usual for authors to provide 
a short statement below the name being introduced to 
explain the origin, starting ‘Etym.:’ or ‘Etymology:’. Newly 
coined names must not be identical to any name previously 
used for any group covered by the ICN, and the Code also 
now recommends that authors avoid introducing generic 
names that already exist in bacteriology and zoology.

Types
The application of scientific names at the rank of family 
and below is fixed by a system of ‘types’, single elements to 
which the usage of a name is permanently linked, that is 
the name bearer. Name-bearing types are the anchor of the 
nomenclatural system, as whatever concept a researcher 
holds, narrow or broad, application of the scientific name 
is determined by that single element. Types can be other 
scientific names of lower ranks or biological material. The 
type of a family is a generic name, that of a genus a species 
name, and that of a species or lower rank a specimen, 
culture, or in some cases an illustration (see below). The 
type need not be fully representative or central to the 
concept being anchored, but must fall within its range of 
variation. In describing new scientific names in these ranks, 
authors are now required to designate a single element 
as the nomenclatural type; this is a ‘holotype’, and any 
duplicates of it are ‘isotypes’. In the past, the Code was not so 
strict, and an author might list several names or collections 
in the original account of the species (the ‘protologue’); 

one element of the original material, a ‘lectotype’, must be 
selected to serve as the nomenclatural type by a later author. 
This is an important nomenclatural act. To draw attention 
to it, the phrase ‘lectotype designated here’ is now often 
added in bold type to emphasize that this has been done. 
When no original material remains, a new type, a ‘neotype’ 
can be designated by a later author. When there is original 
material but it is inadequate to fix the application of a name, 
better and more recent material can be selected to serve as 
an interpretative type, an ‘epitype’. For the definition of other 
kinds of types, formal and informal, see Hawksworth.14

The name-bearing types of names of species and lower 
ranks are generally dried specimens, rock samples (for 
fossils), or microscopic preparations. The fullest possible 
information on the places from which type collections 
came should be provided, most conveniently in the order: 
country, province, county, parish/town, locality name, 
latitude and longitude coordinates, altitude, ecological 
features of the habitat or name of the host, date of collection 
(or isolation), collector’s and (or) isolater’s name, and 
any reference number assigned. Type material should be 
permanently preserved in a publicly accessible herbarium 
or museum, not kept in private collections. A standard 
system of acronyms for referring to reference collections 
exists15, and additions are regularly included in Taxon. 
When possible, accession numbers should be cited with the 
herbarium acronym.

Before 1 January 2007, illustrations were permitted as 
name-bearing types for new non-fossil organisms. That is 
now disallowed, except for microscopic algae and fungi, 
when technical difficulties preclude preservation of a 
specimen in a state that shows its diagnostic features.

Living specimens are not acceptable as nomenclatural 
types, but there is an exception for cultures of algae and fungi 
permanently preserved in a metabolically inactive state, 
such as by lyophilization or stored in liquid nitrogen. When 
living cultures are resurrected from such material, they are 
referred to as ‘ex-type’. Algologists and mycologists should 
be encouraged to deposit duplicate cultures (isotypes) in 
several open-access microbial culture collections; a list of 
such collections with acronyms is provided by Sugawara et 
al.16  

Name changes
Names may change for two kinds of reason: taxonomic, 
because of new scientific evidence on the limits or 
relationships between organisms; or nomenclatural, 
due to the application of the provisions of the Code. 
Nomenclatural changes can arise from the discovery of a 
previously overlooked earlier name for the same organism 
or finding that a name had not fulfilled all requirements 
of valid publication (see above). When new research 
shows that two species that were thought to be separate 
represent a single species, the earliest published name in 
the same rank is generally the one to be used. In order 
to minimize unnecessary name changes, especially for 
well-known organisms, the Code can now conserve 
names that would have to change if the rules were strictly 
applied or reject names that threaten ones already in use. 

Before names are used in a new sense, authors are also 
instructed to endeavour to conserve or reject those found 
to cause problems because they have been misapplied. Such 
proposals have to be published in Taxon and are considered 
and voted on by the pertinent committee(s) (see above). 
A further method of retaining names was introduced for 
fungi at the Melbourne Congress; lists of names of fungi 
can be proposed for protection or rejection en bloc rather 
than individually.

The options for authors and the powers of the committees 
are now so great that it is possible to avoid most potentially 
disadvantageous name changes arising from nomenclatural 
problems.17 Editors and referees should be satisfied that the 
available ways of retaining names currently in use have 
been exhausted before accepting papers that make such 
changes.

It is also good practice to list any newly proposed 
scientific names or other name changes and lecto- or 
neotypifications in each issue or at least volume of the 
journal. This is often done on a separate page and was a 
requirement for journals involved in a trial registration 
system (see below).

Dual nomenclature
The Code has allowed independent scientific names for 
different stages or sporulation types in the life-cycle of 
some groups of fungi, that characterized by the sexual 
stage (teleomorph, abbreviated ‘teleom.’) having priority 
as the name for the species in all its phases. Regulation of 
this practice has been modified several times in different 
editions of the Code and was becoming so complex that 
a decision to abandon this procedure was taken at the 
Melbourne Congress. This step was fuelled by advances 
in molecular phylogenetics, which allows assignation of 
a fungus to a systematic position regardless of whether it 
produces sexual or asexual structures.

This will result in a much more simple system, but 
many names have to be reassessed, as those for types of 
asexual stages now compete on a equal footing with those 
for sexual stage types. In some cases, the asexually typified 
names are better known in the user community, and these 
merit protection. The Melbourne Code introduced a new 
provision for protected and rejected lists of names, and the 
mycological community is just starting to work through 
and commend changes to the Committee for Fungi.

Editors and referees should be aware that the dual 
nomenclatural system has now ended and that from 1 
January 2013 names introduced for different stages of the 
same species will be ruled illegitimate. Citations such as 
‘Aspergillus fumigatus (teleom. Neosartorya fumigata)’ 
should no longer be used, although ‘Aspergillus fumigatus 
(syn. Neosartorya fumigata)’ is acceptable. When an 
author wishes to refer to a particular stage, the practice of 
using phrases such as ‘Stemphylium-morph of Pleospora 
herbarum’ or even less formally ‘stemphylium-morph 
of Pleospora herbarum’ can be commended. For further 
information on this aspect of fungal nomenclature, see 
Hawksworth.18 

The Melbourne Congress also ended the practice of 



2.6: Scientific names of algae, fungi, and plants 2.6: Scientific names of algae, fungi, and plants

74 75Science Editors’ HandbookScience Editors’ Handbook

using different names for different plant parts of fossils. 
This situation arose as similar structures can occur through 
geological time and not be connected to other plant 
fossils. For example, a Callixylon leaf may not always have 
had an Archaeopteris stem over several millennia. When 
connections are found and interpreted as representing a 
single species, the names allotted to different parts compete 
to provide the correct name for the whole fossil plant. 

Registration
The names of cultivated plant cultivars are controlled by the 
ICNCP and must be registered. This is done by a system of 
international cultivar registration authorities, responsible 
for particular genera or groups of genera, supplemented by 
national statutory plant registration authorities. Details of 
these various authorities and the procedures to be followed 
are provided in that Code.2

It was intended that a registration system for all names 
covered in the ICN would start after the St Louis Congress 
of 1999, but, despite a most successful trial involving 
the cooperation of 119 scientific journals19, this was 
not endorsed by that Congress. The issue was, however, 
resurrected for fungi at the Melbourne Congress and 
approved. From 1 January 2013, in order to be validly 
published, names of fungi must have been assigned a 
unique identifier by a recognized repository.

The Nomenclature Committee for Fungi has recognized 
three repositories to date, which can exchange data in 
real time.20 MycoBank, operating under the aegis of 
the International Mycological Association, has been 
providing this service for authors of fungal names on 
a voluntary basis since 2005. After a paper is accepted 
for publication, key nomenclatural information on any 
new names or combinations is deposited in a web-based 
system by the authors, and a unique numerical identifier 
is allocated. These numbers are cited immediately after the 
introduction of the name, eg ‘MycoBank MB801140’. It is 
not recommended that authors obtain identifiers before 
their paper is accepted, to avoid populating the databases 
with names that will not be published after peer review.

It is anticipated that proposals for systems for the 
registration of plant names will be presented to the 
International Botanical Congress in 2017. 

BioCode and PhyloCode
The International Committee on Bionomenclature, jointly 
established by the International Union of Biological 
Sciences and the International Union of Microbiological 
Societies, published a Draft BioCode, the latest revision of 
which was prepared in 2011.21 The BioCode was adopted as 
a framework by the International Congress of Systematic 
and Evolutionary Biology in Berlin in 2012, and some of its 
provisions and terminology are being incorporated into the 
existing special Codes, such as the ICN. The International 
Committee on Bionomenclature has also published a series 
of preferred terms to facilitate communication among the 
different Codes and the major groups of organisms.22 

The PhyloCode is a concept initiated in the 1990s to 
provide a system of naming clades in phylograms. It is now 

under the aegis of the International Society for Phylogenetic 
Nomenclature, founded in 2004. It is independent of 
the international bodies mandated to deal with the 
nomenclature of different groups of organisms. Its aim is 
to provide a system of hierarchical labels to the numerous 
branch levels that can occur in phylogenetic trees23, but it 
has yet to resolve how species names should be tackled in 
this parallel system.24 While the system has some merit for 
use by specialists, it has not met with general acceptance 
even in the cladistic community, but editors should be 
aware of its existence.
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Mineralogy is an important branch of the Earth Sciences 
but its publications draw on the skills of several allied 
disciplines, notably geology, physics and chemistry. 
Also, the modelling of mineralogical properties requires 
considerable application of mathematics. This contribution 
is a further revision of a section by M.H. Hey in the Editerra 
Editors’ Handbook in September 1976.

Standardization of mineral names and symbols is one 
of the aims of the International Mineralogical Association 
(IMA), an association of the principal mineralogical 
societies of the world, affiliated to the International Union 
of Geological Sciences. Editors should insist that authors 
conform to the recommendations of the IMA, which 
are mainly expressed, so far as names and symbols are 
concerned, through the Commission on New Minerals, 
Nomenclature and Classification (www.ima.mineralogy.
org). Reports on the work of the Commission are available 
at http://pubsites.uws.edu.au/ima-cnmnc/imareport.htm.

Definition of a mineral
The definition of what constitutes a mineral species has 
been the subject of much discussion over many years. As 
set out by Nickel, it is essentially an element or chemical 
compound that is normally crystalline and has been formed 
as a result of geological processes.1 This statement includes 
the vast majority of substances that are generally accepted 
as minerals, but there are some substances which do not 
conform entirely to these requirements. Some species are 
not crystalline but are either amorphous or metamict, and 
some compounds have been formed by processes involving 
human intervention, such as by the action of seawater on 
metallurgical slags.

Accepted names of mineral species and varieties
Although over 18,000 mineral names have been used in 
the literature, the majority are obsolete – at present over 
4800 species names are recognized. For a complete listing 
of the recognized mineral species, synonyms, and varieties, 
see the IMA List of Minerals (http://pubsites.uws.au/
ima-cnmnc).

In mineralogical nomenclature, two kinds of terms are 
currently used to delineate a species: names and adjectival 
modifiers. Names may be modified by prefixes and 
suffixes – prefixes should only be hyphenated if demanded 
by the pronunciation (for example, the amphibole 
glaucophane has a prefixed form ferroglaucophane, not 
ferro-glaucophane). Suffixes are used to provide additional 
chemical information on a species (for example, monazite-
(La) is a form of the mineral monazite where La is the 
dominant rare earth component). Adjectival modifiers are 
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used to give additional chemical information on a mineral. 
Examples are: ‘iron-rich’ in English, ‘ferrifère’ in French, and 
‘eisenhaltig’ in German. The modifier should be ignored in 
the first stage of indexing. For further discussion, see Hey 
& Gottardi.2

A mineral name normally ends in -ite, but there are 
some exceptions, particularly for names which have a long 
history, for example, quartz and corundum. Occasionally, 
identical names have been used for a rock and a mineral. 
The IMA Commission has ruled that grossularite and 
spessartite are rock names, the mineral names being 
grossular and spessartine. Apart from these pairs, it is now 
standard practice to form the rock name by adding -ite to 
the mineral name. For example, the rocks amphibolite, 
gedritite, pyroxenite are principally composed of amphibole, 
gedrite and pyroxene respectively. The pair grossularite–
grossular follows this rule, but the rock spessartite has no 
relation to the mineral spessartine. Note, however, that a 
rock mainly composed of anorthite is an anorthosite, from 
the French form anorthose.

One special case is dolomite, where the same name is in 
universal use for both rock and mineral. It is recommended 
that where the exact connotation is not obvious from the 
context, the term dolomite rock be used, or, as preferred by 
some authors, dolostone.

Some mineral names may be misused in a much wider 
sense than the agreed scientific definition (for example, 
marble may be used for almost any ornamental stone). 
This occurs especially where commerce plays a part. For 
example, in the gemstone trade, marcasite is sometimes 
used for pyrite, polished steel, or even white metal. Several 
gemstones have been sold as amethyst that are not a mauve-
coloured variety of quartz. Editors should not allow this 
practice. In many countries, such as the UK, it is a legal 
offence to offer for sale incorrectly described gemstones.

New minerals
New minerals, or supposed new minerals, are currently 
being described at the rate of about 100 a year. The great 
majority of these are submitted to the IMA Commission 
for approval before publication. Editors must endeavour 
to ensure that no new name is published without the 
Commission’s approval. If they are uncertain whether a 
name is an innovation, they should ask the author for a 
note of where it was published, and, if this was since 1960, 
whether it was approved by the Commission. Lists of new 
mineral names, with comments, appear regularly in the 
American Mineralogist and other journals.

Spelling of mineral names
The spelling of mineral names will not cause any difficulty 
in English texts. Diacritical marks, where they occur, 
should not be omitted. In general, the spelling used by 
the original author should be adhered to, with the minor 
exceptions discussed here. In particular, the spelling of a 
mineral named from the locality where it was first found 
should not be changed if the name of the locality is later 
modified or changed. The commonly accepted English 
spellings are given by Clark.3

In texts other than English, a few common minerals 
(principally the native elements) have standard names, 
which can be found in any good dictionary. In a few 
instances where different names are in use in different 
countries, the IMA has noted national preferences and 
has made no firm recommendation. Apart from these 
few special cases, the English spellings are internationally 
acceptable, with certain minor exceptions. The last syllable, 
usually -ite or -ine in English, French and Italian, takes 
other forms in several languages. The prefix clino-, used in 
English, French and Italian, becomes klino- in German and 
many other languages. An initial h- is dropped from some 
names in Italian, and an initial s- (followed by a consonant) 
usually becomes es- in Spanish.

No attempt should be made to modify the original 
spelling of a mineral name first given in the Latin 
alphabet in an effort to indicate a real or supposed correct 
pronunciation. Unless obviously in error, species names 
should be accepted in the same form, or as close to it as 
possible, as that given by the original authors. If they are to 
be adapted to suit every language, unnecessary confusion 
will follow.

The prefixes α-, β- will occasionally be seen spelled out: 
alpha-, beta-. The former style is to be preferred. Note that 
the prefix should be ignored when an index is compiled.

With names originally given in a non-Latin alphabet 
(usually Cyrillic) it is a different matter – around 25% of 
new minerals described at present are first published in 
Russian-language journals. Despite the internationally 
accepted system of transliteration from the Cyrillic (or any 
other non-Latin) alphabet, differences in transliterating 
Russian names into other languages occur regularly. 
Whereas for names given in the Latin alphabet, the spelling 
is invariant but the pronunciation may vary from one 
country to another, with non-Latin-alphabet names, it is 
customary for each Latin-alphabet country to transliterate 
the name phonetically. This, unfortunately, upsets indexing 
as, for example, the Cyrillic Ч becomes ‘ch’ in English, 
‘tch’ in French, ‘tsch’ in German, ‘tsj’ in Dutch, etc. Editors 
should take care that the transliteration used accords with 
the language of the paper submitted. For English texts, 
this should be the ‘British’ system.4 For other languages, 
editors should seek advice from the appropriate national 
mineralogical society or group.

There are, however, certain exceptions to simple 
transliteration of names originally given in the Cyrillic 
alphabet:
•	 In compound names, standard prefixes should retain 

their normal Latin-alphabet spelling: ‘фтор-’ becomes 

‘Fluor-’, not ‘Ftor-’, ‘Алюмо-’ becomes ‘Alumo-’, not 
‘Alyumo-’, and the like.

•	 Similarly, standard mineral names built into a 
compound should retain their Latin-alphabet spelling. 
‘алюмо-эшинит’ becomes ‘Alumo-aeschynite’, not 
‘Alyumo-eshinite’. This may give editors some trouble 
if the compounded name is uncommon.

•	 In names built up from the chemical symbols of the 
components of the mineral, or contracted forms of 
their names, care must be taken that the Latin-alphabet 
form correctly represents the derivation: ‘бабеффит’ 
for a barium beryllium fluoride and phosphate, 
becomes ‘babefphite’, not ‘babeffite’.

There are a few names originally given in the Latin 
alphabet, but given in honour of a Russian or in reference to 
a Russian locality. It is usual to treat these as if the standard 
Cyrillic spelling were the original, and transliterate this 
appropriately according to the language of the text. A list of 
such names (probably incomplete) is given here in Table 1.

Chemical formulae of minerals
There is no standard arrangement of chemical formulae 
in minerals, and a variety of forms is used to emphasize 
particular aspects of the chemistry. However, one 
convention that is perhaps peculiar to mineralogy and 
petrology should be mentioned. When two or more 
elements or radicals replace one another isomorphously, 
their symbols are written, separated by commas, within 
parentheses. For example, for manganoan calcite 
(Ca,Mn)CO3, or for the scapolite-group mineral meionite 
Ca4Al6Si6O24 (SO4,FO3,Cl2). In such cases, the elements or 
radicals within the parentheses should be entered in order 
of atomic abundance, if this is known.

Some mineralogists use a fairly elaborate layout, in which 
anions and cations are clearly separated and coordination 
states are shown.5 One layout occasionally seen should 
be rejected. The example given is the mineral sillimanite, 
Al2SiO5:

(Al7.99Fe3+
0.05)8.04Si3.97O20

This should imply multiplication of the quantities inside 
each parenthesis by the external subscript (it is intended to 
indicate the total of the quantities within the parentheses). 
The accepted style is to prefix each summation figure with 
Greek Σ, that is: 

(Al7.99Fe3+
0.05)Σ8.04Si3.97O20 

An allied mathematical impropriety is often met with, 
Fe/Fe + Mg being incorrectly written in place of Fe/(Fe + 
Mg) and similar errors.

The 16 ‘rare-earth’ elements La-Lu and Y present a 
minor problem when it is desired to present them as an 
unseparated group. In many English texts the symbol 
RE is used (or REE for rare earth elements), but this has 
the disadvantage of not being international (French, TR 
for terres rares; German SE for seltene Erden). For that 
reason, some English-language journals prefer to use Ln 
(lanthanons) for the 15 elements La-Lu, that is, the ‘rare-
earths’ excluding Y. Care should be taken over the correct 
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placing of subscripts and superscripts to symbols of 
the elements.[6] It is not unusual to see the mass number 
following instead of preceding the symbol: Pb208 is wrong, 
the correct form being 208Pb. The upper right position may 
be used to indicate ionic charge (Fe2+, PO4

3-) or coordination 
number (Alvi), as in the previously mentioned amphibole 
formula.

Many mineral group formulae are abbreviated in such 
a way as to indicate the chemical element substitution on 
specific atomic sites. For example, the beudantite group 
is AB3(XO4)(SO4)(OH)6: A = Ba2+, Ca2+, Ce3+, Pb2+, Sr2+; B 
= Al3+, Fe3+; X = As5+, P5+. In such cases it is desirable to 
present A, B, X in italics to avoid possible confusion with 
symbols of chemical elements.

Contracted symbols for certain minerals
A number of symbols are in general use for certain mineral 
end-members. The most important are: albite, Ab; anorthite, 
An; orthoclase, Or; celsian, Cn; enstite, En; ferrosilite, Fs; 
wollastonite, Wo; fayalite, Fa; and forsterite, Fo. These are 
used in contracted formulae, for example Ab60An30Or10 for 
a feldspar with 60 mol. % Ab, 30 mol. % An, and 10 mol. 
% Or. This system can usefully be extended, provided the 
symbols are defined and care is taken to avoid possible 
confusion with the symbols of the chemical elements (for 
example, Åk or åk is correct for akermanite, but Ge should 
not be used for gehlenite; ge or Geh would serve). For the 
special symbols used for the ‘normative minerals’ in rock 
norms, textbooks on petrology should be consulted.7

Units and symbols
Most of the symbols common to mineralogy and 
crystallography are included in the internationally accepted 
list published by the Royal Society Symbols Committee6 

and require little further comment. In general, SI units 
should be preferred, but some of the ‘decimal multiples of 
SI units having special names’ are still strongly preferred 
by mineralogists and petrologists. Crystallographers 
continue to use the Angström unit, Å=10-10 m; petrologists 
find the bar, and particularly the kilobar, usually written 
kbar (the form kb, frequently encountered, is ambiguous) 
and equal to 108 N m-2, a conveniently sized unit. They are 
likely to stick to the year and megayear (ISO recommends 
abbreviations a and Ma, although m.y. is frequently used 
for the latter), which are not exactly expressible in SI units: 
1 Ma equals approximately 31.5 Ts. Mineralogists continue 
to give densities in g cm-3, finding this unit easy to visualize, 
whereas the SI Mg m-3 is not.

The symbols for units should be printed in roman type, 
and those for physical quantities in italic type. Mineralogists 
prefer D to d for relative density (specific gravity), because 
d is likely to appear in the same text as the distance between 
successive lattice planes.

A few symbols regularly used by mineralogists, and all 
the symbols used in crystal optics, are omitted from the 
Royal Society list:
•	 Hardness (Mohs’ scale) H;
•	 Vickers hardness number VHN;
•	 Number of formula units per unit cell Z;

•	 Interaxial angles of the crystallographic unit cell α, β, γ.
Note that the sides of the crystallographic unit cell are a, 

b, c, not a0, b0, c0.
The term parts per billion (ppb) should be avoided, or at 

least if used defined prominently, because of the standard 
American use of the term billion for 109 instead of 1012. 
Billion should also be avoided for the same reason.

Crystal optics
Most of the symbols used in crystal optics were 
considered by the Data Commission of the IMA in 1960, 
but unfortunately their decisions were not adequately 
publicised. Some of the confusion that has prevailed can 
be seen from the table of symbols used for the principal 
refractive indices of biaxial crystals collected by Bloss.8 The 
following are recommended:
•	 refractive index, isotropic substances, n;
•	 principal refractive indices (axes of the indicatrix). 

For uniaxial crystals, ω, ε (not N0, Ne, etc.) and biaxial 
crystals a, b, c (not any of the other variants tabulated 
by Bloss8). Note that the principal refractive indices 
are of the nature of vector quantities, having both 
magnitude and direction. The symbols X, Y, Z, often 
used for the directions of the principal refractive 
indices, are superfluous. If the vector nature of the 
principal refractive indices is to be emphasized, bold-
face Greek α, β, γ should be used;

•	 minimum and maximum refractive indices observed 
in a section not normal to a principal axis of the 
indicatrix: use α’, γ’;

•	 principal axes of the ellipsoid of light absorption. These 
are rarely encountered. The symbols normally used are 
the ‘Gothic’ (German blackletter) a, b, c. They too are 
vector quantities, having both magnitude (extinction) 
and direction. It is sometimes not realized that the 
principal axes of the indicatrix and of the absorption 
ellipsoid do not necessarily coincide in the monoclinic 
and anorthic (triclinic) systems;

•	 obtuse bisectrix (of the optic axes), Bxo; 
•	 acute bisectrix (of the optic axes), Bxa; 
•	 optic axial angle, internal or true, about α, 2Vα; about 

g, 1⁄4Vγ; 
•	 optic axial angle, external, in air, E;
•	 optic axial angle, external, in oil, 2H (the refractive 

index of the oil should be quoted);
•	 dispersion of the optic axial angle, r, > (or < ) v, 

indicating that the angle for red light is greater than 
(or less than) for violet.

These symbols apply to transparent crystals. For strongly 
absorbing substances, there is at present no generally 
accepted set of symbols for the absorption indices, complex 
refractive indices, etc., however, these are rarely encountered. 
When they are, it is desirable to define the symbols when first 
used. The only quantity commonly in use is the reflectivity: 
•	 reflectivity of isotropic substances, R (the wavelength 

should always be specified);
•	 principal reflectivities, unaxial substances, Rω, Rε ;
•	 principal reflectivities, biaxial substances, Rα, Rβ, Rγ ;

•	 minimum and maximum reflectivity observed in a 
section not known to be normal to a principal axis of 
the indicatrix, Rα’ and Rγ’ .

Minerals named in the Latin alphabet in honour of a 
Russian or in reference to a Russian locality 
As previously mentioned, for these few minerals the 
original Latin-alphabet name is ignored and the Cyrillic 
taken as standard and transliterated according to the system 
appropriate to the language of the text (Table 1).

Table 1. Transliterated names of minerals

Original From Cyrillic English French German
Tschewkinit К.В. Чевкипъ Чевкипит Chevkinite Tchevkinite Tschewkinit
Jeremeiewite П.В. Еремеевит Еремеевит Eremeevite – Jeremejewit
Fedorowit Е.С. Федоровъ Федоровит Fedorovite – Fedorowit
Ignatiewit П.П. Игпатьвъ Итпатьевит Ignat’evite – Ignatijewit
Kertschenite Керчъ Керчепит Kerchenite Kertchenite Kertschenit
Chodneffite А.И. Ходпевъ Ходиевит Khodnevite – Chodnewit
Kotchoubeite П. Кочубе Кочубеит Kohubeite Kotchoubeite Kotschubeit
Perowskit Л.А. Перовский Перовскит Perovskite – Perowskit
Wolchonskoit А. Волковский Волкопскоит Volkonskoite – Wolkonskoit
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In geological terminology, rocks are natural non-living 
bodies that form an entity. They differ from one another in 
their petrological or textural characteristics. Even a water 
body (for example, a river or an ocean) is a rock in this 
broad sense, but the term ‘rock’ is commonly restricted to 
‘stony masses’. Such masses may be hard, such as granite, or 
soft, such as clay. 

Types of rocks 
The classification of rocks into types and subtypes is in 
many cases arbitrary, since different principles may be 
applied. Some terms are so commonly used and widespread, 
however, that the use of alternative terms might easily lead 
to confusion. Terms that should not be replaced by other 
terms are therefore indicated in this chapter 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 are printed here in 
roman. 

Rock names are not standardized, in contrast to, for 
instance, mineral names. This implies that many names 
have developed regionally; so numerous names are in 
use for a single type of rock. The globalization of science 
has now resulted in the formalization of rock names, but 
not all countries follow the more globally used terms yet. 
Consequently, handbooks may fail to provide the ‘best’ (that 
is, unambiguous and most widely understood) names. The 
present contribution should be considered as a compilation 
from the most commonly used handbooks in which the 
names of rocks are frequently used. This is also why the 
origin or genesis of major rock types is mentioned briefly in 
the present contribution, as an aid to understanding which 
class of rock is dealt with in a text that has to be edited. The 
geological framework that determines the name should 
thus become less obscure for editors not educated in the 
earth sciences. 

There are three main groups of rock on Earth: igneous, 
sedimentary, and metamorphic. Together they constitute 
almost the entire crust of the earth. A fourth component 
consists of material that comes from other bodies in 
space. However negligible in quantity, the interesting 
characteristics of such space-derived material (not only 
meteorites but also, and often even more interesting, man-
picked samples from the Moon and analyses of rocks 
made on the Moon and on Mars by robots) make some 
knowledge of this type of rock essential for editors who 
deal occasionally with geology. 

The present contribution deals with igneous rocks only; 
sedimentary and metamorphic rocks are dealt with in 

2.8: Nomenclature of igneous rocks
A.J. (Tom) van Loon
Geological Institute, Adam Mickiewicz University, Maków Polnych 16, 61-606 Poznan, Poland;              
tvanloon@amu.edu.pl, tom.van.loon@wxs.nl

Chapters 2.9 and 2.10, respectively, of this Handbook. A 
few remarks on meteorites are included in Chapter 2.9 on 
the nomenclature of sedimentary rocks. 

Subdivision of igneous rocks 
Rocks formed by the crystallization of minerals as a 
consequence of the cooling of magma are called igneous 
rocks. Magma is the hot, highly viscous material in the 
Earth’s interior. Because of the high temperature in the 
Earth’s mantle, this viscous magma forms convection cells. 
This implies that magma goes downwards or upwards, most 
rapidly at the boundaries between the convection cells. 
Under specific conditions, rising magma can escape from 
the convection cells and move further upwards into the 
Earth’s crust. It can stop on its way upwards, and the upward 
decrease in temperature may then cause crystallization of 
the magma, still fairly deep in the Earth. It can, however, 
occasionally also reach the Earth’s surface and flow out 
before cooling (volcanism); the outflowing mass is called 
lava. Because of this difference between magma and lava, 
the term ‘magmatic rocks’ as a synonym for ‘igneous rocks’ 
should be avoided. 

The characteristics of igneous rocks depend mainly on 
two factors: the chemical composition of the magma or 
lava, and the depth of crystallization. The latter parameter 
influences the size of the crystals formed, as cooling at great 
depth (and thus higher temperatures) takes more time and 
thus results in larger crystals than shallower cooling. As 
a consequence, three main groups of igneous rocks are 
distinguished: plutonic (deep), hypabyssal (intermediate) 
and effusive (from lava). The term ‘volcanic rocks’ should 
be avoided as a synonym for the last-mentioned group, as 
volcanic rocks include those formed by magma that cooled 
inside the volcanic vent and thus never reached the Earth’s 
surface while still molten. 

Plutonic rocks 
Plutonic rocks, sometimes called ‘abyssal rocks’, can become 
exposed by later uplift and subsequent erosion of the 
overlying rocks. Cooling at great depth commonly requires 
relatively thin magma bodies, which consequently form 
thin rock units. These may represent horizontal intrusions 
(sills), disc-shaped bodies (lopoliths), lens-shaped bodies 
(laccoliths), and ring intrusions caused by the subsidence 
of magmatic masses underneath. If the crystallized body 
is more or less equidimensional rather than a thin unit, the 
term pluton is used; large plutons in mountain ranges are 
called batholiths. 

Plutonic rocks are primarily subdivided according to the 

amount of silica they contain, being distinguished as silica-
oversaturated, silica-saturated, or silica-undersaturated 
rocks. In each of these groups, specific types are 
distinguished primarily by their mineral content. 

In silica-oversaturated rocks, the name depends 
on the ratio of the minerals quartz (q) and potassium 
feldspar (f). With strong oversaturation, the names quartz 
granite (where q:f>2) and quartz granodiorite (q:f<2) are 
used. If oversaturation is less extreme, the names alkali 
granite (q:f>9), granite (9>q:f>2), adamellite (2>q:f>1:2), 
granodiorite (1:2>q:f>1:9), and quartz diorite (q:f<1:9) are 
used. Each of these types may be subdivided according to 
the other dominating minerals (biotite granite), texture 
(rapakivi granite), or source area (Bar Andlau granite). 

In silica-saturated rocks (with only 0–15% of quartz), it is 
the type of feldspar that determines the name. If potassium 
feldspar predominates, the rock is called syenite. If the 
amounts of potassium feldspar and plagioclase (another 
variety of feldspar) are roughly the same, the rock is named 
syenodiorite or syenogabbro, depending on the type of 
plagioclase. A predominance of plagioclase results in the 
rock name diorite if the plagioclase has an intermediate 
acidity (oligoclase to andesine) or gabbro if the plagioclase 
is basic (labradorite to anorthite). 

Silica-undersaturated plutonic rocks are fairly rare. They 
are commonly formed by fractionalized crystallization of 
olivine basalts. They are characterized by the near-absence 
of quartz and by the presence of minerals that may replace 
feldspars. The most common species of these minerals 
(foids) are nepheline, analcime, sodalite, and noseane. 
Many of the rocks in this category resemble silica-saturated 
rocks but with foids instead of feldspars. The names can 
indicate this situation (for example, nephelinesyenite). 

Plutonic rocks contain a fourth (rare) category, of 
extremely basic character. These so-called ultramafic rocks 
contain sometimes only one or two minerals and these 
give their names to the rock (for example, pyroxenite, 
hornblendite, and peridotite). Peridotite-like rocks that 
contain a little olivine and chromite are called dunites. This 
is a geologically important rock type because some dunites 
represent material from the Earth’s mantle. A peridotite-like 
rock containing some mica minerals is called kimberlite. 
This rock type is important because it is the host rock of 
many diamonds. 

Hypabyssal rocks 
Hypabyssal rocks can be formed at all depths (though 
not at the Earth’s surface) but most commonly above the 
depth where plutonic rocks are formed. They are formed 
by crystallization of magma in veins that may be dozens of 
metres wide, which the magma usually creates by finding 
a way through zones of weakness in the overlying rocks 
under the influence of pressure exerted by magma rising 
from a deeper level. Hypabyssal rocks thus occur commonly 
around and on top of plutons and comparable bodies. 

Their genesis implies that most hypabyssal rocks 
resemble plutonic rocks in composition, so they can range 
from silica-oversaturated to ultramafic, but the commonly 
faster crystallization of hypabyssal rocks usually results in 

smaller crystals than in plutonic rocks. On the basis of the 
crystal size, four main categories of hypabyssal rocks are 
distinguished: porphyries, pegmatites, lamprophyries, and 
aplites. 

Porphyries are characterized by large crystals (so-called 
phenocrysts) that float in a mass of smaller crystals 
(matrix). Pegmatites have a coarse to very coarse character 
but the phenocrysts are, as a rule, smaller than those in 
porphyries. Lamprophyries contain medium- to fine-sized 
crystals and are commonly dark in colour. Aplites show only 
small crystals. These four types commonly represent the 
crystallization history: porphyries are formed the closest 
to plutons, whereas aplites form from the last fluid that 
remains from the magma after minerals have crystallized 
successively, in an order according to their melting point. 
In a very last phase, minerals such as vein quartz can be 
formed from the watery solutions that still remain. Such 
veins can also contain native gold and silver, metals which 
do not form silicate crystals. 

Effusive rocks 
The rising of magma from the interior of the Earth 
is accompanied by decreasing lithostatic pressure. 
Consequently, the gases in the molten magma expand, 
contributing to the sometimes ferocious character 
of volcanic eruptions and sometimes to explosive 
developments at the Earth’s surface. Not all magma 
reaching the Earth’s surface therefore flows out as lava: part 
is thrown into the air. Rocks composed of such particles are 
sometimes considered as igneous rocks but other geologists 
consider them as sedimentary rocks (see chapter 2.9). 

Effusive rocks, like plutonic rocks, are subdivided 
into silica-oversaturated, silica-saturated, and silica-
undersaturated rocks, though the names have little in 
common with their chemical equivalents among the 
plutonic and hypabyssal rocks. A fourth category comprises 
rocks with particular characteristics. Silica-rich (‘acid’ 
or ‘acidic’) lava is very viscous, as the shape of volcanoes 
shows: the cooling lava crystallizes rapidly, so the resulting 
rock masses come to rest close to the volcanic vent, whose 
outlet thus grows higher. The greater the ratio between the 
height and the diameter of a volcano, the more acid, in 
general, the lava. Silica-poor (‘basic’) lava is thin and can 
flow far away, thus resulting in vast plateaus that may cover 
many thousands of square kilometres. 

The most common silica-oversaturated effusive rock 
types are rhyolite (sometimes called ‘liparite’, but this term 
is almost obsolete), which has a composition matching that 
of granite; dacite, which is comparable to granodiorite; and 
rhyodacite, which is the equivalent of adamellite. A specific 
type of rhyolite is obsidian, a glass-like black variety. 

The commonest silica-saturated effusive rock type is 
basalt, which is the equivalent of gabbro. A glass-like variety 
is called tachylite. Small crystals of the mineral olivine are 
often found in basalt, which in this case is called ‘olivine 
basalt’. Other common rock types of this category are 
trachyte (the equivalent of syenite) and andesite (comparable 
to diorite). The commonest silica-undersaturated effusive 
rock is fonolite (the equivalent of nephelinesyenite). Some 
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rocks in this category consist largely of one mineral; in such 
cases the mineral name forms the basis for the rock’s name, 
for example, nephelinite and leucitite. 

A special type of effusive rock is carbonatite, which 
consists almost exclusively of carbonates such as calcite 
and aragonite. Carbonatites should not be confused with 
sedimentary or metamorphic calcareous rocks. 
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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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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. 

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 
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The Earth’s crust consists almost entirely of igneous, 
sedimentary, and metamorphic rocks (a fourth component, 
extremely small by volume, consists of meteorites and 
associated material of non-terrestrial origin). This 
chapter deals exclusively with metamorphic rocks. The 
nomenclature of igneous and sedimentary rocks is dealt 
with in chapters 2.8 and 2.9, respectively, of this Handbook. 

Rocks with characteristics that have changed 
considerably (particularly in the form of disappearance or 
change of some of the minerals, in combination with the 
formation of new minerals) after being exposed to high 
temperature or pressure, or both, are called metamorphic 
rocks. Crystallization of new minerals is characteristic 
of metamorphism, and – after exposure to high pressure 
– plate-shaped minerals are commonly (re)oriented 
perpendicular to the main stress direction. 

Metamorphic rocks can be derived from igneous 
or sedimentary rocks. In the former case, they are 
commonly called orthometamorphic rocks; in the latter 
case, parametamorphic rocks. It is, however, not always 
possible to recognize the igneous or sedimentary origin 
of a metamorphic rock. The prefixes ‘ortho’ and ‘para’ are 
also commonly used to indicate the parent material of 
specific metamorphic rock types. Metamorphic rocks may 
also undergo new phases of metamorphism but there is no 
prefix to indicate this (repeated) process. 

As stated in the introduction to rock nomenclature 
(the chapter on igneous rocks, 2.8), classification of rocks 
into types and subtypes is in many cases arbitrary, since 
no commonly accepted nomenclature exists. This holds 
also for metamorphic rocks, particularly because of the 
gradual transition from one type of metamorphic rock 
to another (the rise in pressure or temperature, or both, 
that these rocks underwent constitutes a continuum). 
There is, however, a recommendation by the International 
Union of Geological Sciences (IUGS) concerning the 
classification of metamorphic rocks. This recommendation 
is followed here. It should be noted, however, that the 
recommendations by the IUGS differ in several cases from 
terms that are commonly used and widespread. Moreover, 
some previously commonly used terms have now become 
obsolete. Obviously, the use of ‘alternative’ terms might 
easily lead to confusion. Terms that should not be replaced 
by other terms will therefore be indicated here in italics 
but such terms should be printed in roman in scientific 
texts, whereas more loosely used terms that are often used 
according to the preference of a specific author will be 
printed here in roman. 
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Subdivision of metamorphic rocks 
Several types of metamorphic rocks are distinguished: 
regional metamorphic (produced by regionally increased 
pressure and temperature), contact metamorphic 
(produced by exposure to the heat of rising magma), 
burial metamorphic (produced by strongly increased 
pressure and increased temperature after deep burial), and 
dynamometamorphic (produced by the friction occurring 
during deep faulting). In each of these categories, the degree 
of metamorphosis can vary, depending on the pressure, the 
temperature, or both. 

Regional metamorphic rocks 
After burial, clays change (under the influence of rising 
temperature and pressure at depth) first into claystones (only 
lithified) and shales (lithified, showing irregular cleavage, 
no or few new minerals). These two rock types are not yet 
metamorphic, because no new crystals have been formed 
inside. However, an ongoing increase in temperature or 
pressure, or both (for instance during orogenesis) will induce 
recrystallization. The resulting regional metamorphism, 
which is sometimes called ‘dynamothermal metamorphism’ 
(but this term should be avoided because of the possible 
confusion with dynamometamorphism), changes shales: 
first into phyllites (with newly formed micas) and then into 
schists (macroscopically easily recognizable new micas and 
other minerals, excellent cleavage). Schists are often named 
after the predominant mineral(s), for example, chlorite 
schist, or after the common characteristics of newly formed 
minerals, for example, greenschist.

Sandstones that have undergone such metamorphism 
are called quartzites; these are recognizable because 
fractures cut through the sand grains, whereas fractures 
in sandstones develop around the grain surfaces. Impure 
sandstones become paragneisses  (whereas granites become 
orthogneisses). If the type of the original rock cannot 
be reconstructed, metamorphic rocks with a granite or 
sandstone composition are just called gneiss. 

Limestones change by regional metamorphism 
in marbles; the original components are no longer 
recognizable. It should be mentioned here that many 
commercially exploited ‘marbles’ are, however, limestones 
that did not undergo metamorphism. 

Since a wide variety of igneous and sedimentary rocks 
exist, regional metamorphosis results in an equally wide 
variety of metamorphic rocks, but the commonest types 
are mentioned above. 
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Contact metamorphic rocks 
Contact metamorphism is relatively rare and commonly 
restricted to small areas. Because this type of metamorphism 
is due to the heat produced by nearby rising magma, one 
can usually distinguish a zone (called aureole, sometimes 
‘halo’) around the magmatic body which has undergone this 
metamorphism. The degree of metamorphism decreases 
with distance from the magmatic body. Clays change by 
this type of metamorphism first into fine-grained fissile 
rocks called spotted slate, then into spotted schist, and finally 
into hornfels. A calcareous variety is sometimes called calc-
silica hornfels. 

Burial metamorphic rocks 
Burial metamorphism (the terms ‘load metamorphism’, 
‘constructive metamorphism’, and ‘geothermal meta-
morphism’ are also used but are better avoided) is fairly 
common and the names of the rocks formed in this way are, 
as a rule, the same as those that have undergone regional 
metamorphism. Newly formed minerals commonly do not 
indicate the degree of metamorphosis, apart from the mineral 
glaucophane, which is characteristic of glaucophane-schist. 

Dynamometamorphic rocks 
Dynamometamorphic rocks (also called ‘dynamic 
metamorphic rocks’; the names ‘dislocation metamorphic 
rocks’, ‘cataclastic metamorphic rocks’, ‘kinetic metamorphic 
rocks’, and ‘mechanical metamorphic rocks’ should be 
avoided) are sometimes recognizable as microbreccias 
formed during faulting, in which case they are called 
kakyrites or, if banded with cleavage parallel to the banding, 
mylonites. Clayey sediments become phyllonites, a rock type 
that may contain large crushed crystals (porphyroclasts). 
A largely recrystallized phyllonite with irregular bands of 
large crystals or aggregates within a finer matrix is called 
flaser gneiss. 

Ultrametamorphic rocks 
Ultrametamorphism is an extreme form of metamorphism 
during which partial re-melting of the rocks can take place. 
The medium to coarse crystalline rocks thus formed are 
called migmatites. 

Other types of metamorphic rocks 
Several other specific conditions may occur that change 
igneous or sedimentary rocks into metamorphic ones. 
These conditions, such as the impact of a large meteorite 
or asteroid, lead to rare types of metamorphic rocks, 
commonly containing minerals that are hardly formed on 
Earth under other conditions. These rare conditions are 
considered beyond the scope of this chapter. 
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Stratigraphy (stratum [Latin] = blanket, layer; graphein 
[Greek] = to write) is a geological discipline that originally 
dealt with the description of rocks in the widest sense. As 
geology became subdivided into more and more specialized 
subdisciplines, the use of the term ‘stratigraphy’ came to be 
restricted in practice to the description and analysis of the 
horizontal and vertical relationships between rock units 
and their age relationships. This ‘modern’ usage is followed 
here. 

Stratigraphic nomenclature, in this sense, deals with 
the names given to specific rock units and the time during 
which they were formed. These so-called stratigraphic units 
may be distinguished by several variables. By far the most 
common variables are lithology (rock type: lithos [Greek] 
= stone), fossil content, and age. Classification by these 
variables results in, respectively, lithostratigraphic units 
(each with its lithostratigraphic name), biostratigraphic 
(bios [Greek] = life) units (each with its biostratigraphic 
name), and chronostratigraphic (chronos [Greek] = time) 
units (each with its chronostratigraphic name). 

In the course of time, numerous other variables have 
been found useful for stratigraphic purposes – sometimes 
on only a local scale and sometimes on a global scale. Some 
examples of these variables are inversions of the Earth’s 
magnetic field (magnetostratigraphy), the successive 
occurrences of fossil (i.e. buried) soils (pedostratigraphy: 
pedon [Greek] = ground, soil), the relative intensity of 
radiation (for example, neutron-log stratigraphy), and 
the occurrence of specific minerals (for example, zircon-
type stratigraphy). In The Netherlands, a local form of 
stratigraphy – pipe-bowl stratigraphy – has developed in 
the past few centuries, based on broken stone pipes that had 
been thrown overboard by sailors and became embedded 
in the accumulating sediments of lakes, coastal waters, and 
the central lagoon (Zuiderzee area). 

All types of stratigraphy – but lithostratigraphy, 
biostratigraphy, and chronostratigraphy in particular 
– should preferably follow the rules and principles of 
stratigraphic nomenclature. The following sections will 
deal only with these three main types of stratigraphy 
and are based on the rules laid down in the International 
Stratigraphic Guide (Salvador 1994).1 It is important to 
note that the nomenclature for each of these three types of 
stratigraphy is different and follows different rules. 

It is impossible within the context of this Handbook 
chapter to detail all aspects of stratigraphic nomenclature, 
so only the topics that are most important for scientific 
editors are mentioned here. The data provided are sufficient 
for those editors who occasionally edit geological texts that 
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do not have a specialist stratigraphic character. Editors of 
texts in stratigraphy or palaeontology should use the latest 
edition of the International Stratigraphic Guide. 1

A guide, not a code 
The International Stratigraphic Guide (subsequently called 
the Guide) is not a code like the International Zoological 
and Botanical Codes, which prescribe rules. It states 
explicitly (p. xv)1: “No individual, organization, or nation 
should feel constrained to follow it, or any part of it, 
unless convinced of its logic and value. The I[nternational] 
S[ubcommission on] S[tratigraphic] C[lassification] 
still believes that matters of stratigraphic classification, 
terminology, and procedure should not be legislated. 
The purpose of the Guide is to inform, to suggest, and to 
recommend”. This gives freedom to editors, but they should 
obviously try to make a text as unambiguous as possible by 
using well-defined and generally recognized terms. 

Stratigraphic units 
As stratigraphic nomenclature deals with the terminology 
used to define stratigraphic units, it is important that the 
use of such units be unambiguous and consistent with 
common practice. 

According to the first stratigraphic guide (Hedberg 
1976)2, a stratigraphic unit is “a stratum or assemblage of 
adjacent strata recognized as a unit (distinct entity) in the 
classification of the Earth’s rock sequence, with respect to 
any of the many characters, properties, or attributes that 
rocks possess. Stratigraphic units based on one character 
will not necessarily coincide with those based on another; 
it is therefore essential that different terms be used for 
each so that their named units can be distinguished from 
each other. Clear definition of a stratigraphic unit is of 
paramount importance”. 

Stratigraphic units may be used in a formal or an 
informal way. If used formally, the units should be defined 
and named in an unambiguous way, preferably according 
to rules presented in the Guide.1 The most important 
aspects that should be dealt with when a new formal 
stratigraphic unit is described are: the name; the kind 
(litho-, bio-, or chronostratigraphic) and rank (high or low 
in the hierarchical order); the stratotype (i.e. the designated 
rock section representing the particular unit) and/or type 
locality; and the correlation or relation with other units. In 
addition, it should be stated whether the unit (or part of it) 
has been described and named previously in the same kind 
of stratigraphy, and why it is considered useful to establish 
a new unit. For more details, and for additional aspects 
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into superbiozones (also termed ‘superzones’) or be 
subdivided into subbiozones (‘subzones’). There are five 
general types of biozones: assemblage zones (based on the 
presence of a natural assemblage of fossils), range zones 
(determined by the stratigraphic range of a selected fossil), 
abundance zones (previously termed ‘acme zones’; these are 
based on the relative abundance or development of certain 
fossils), lineage zones (representing a specific segment of 
an evolutionary lineage) and interval zones (also termed 
‘interbiohorizon zones’, which represent a stratigraphic 
interval between two biohorizons). Readers should refer to 
the Guide1 for details about establishing and defining the 
various types of biozones. 

The name of any formal biostratigraphic unit should 
consist of the name (or names) of the relevant fossil (or 
fossils) followed by the term ‘Zone’ (with a capital letter 
Z) or by the name of the type of biozone (for example, 
Fusulinella Zone and Exusalbus Assemblage-zone). 

The name(s) of the fossil(s) should be written as 
prescribed by the rules of nomenclature for zoology,3,4 
botany5 or bacteriology.6 The author’s name of a species and 
the year of publication of the first description of the species 
should not, however, be included. The fossils chosen for the 
name of the zone may represent any taxon (class, variety 
of a subspecies, etc.), depending on the usefulness for 
the biostratigraphic subdivision; the use of specific (and 
subspecific) names is advised. For an assemblage-zone, it 
is not necessary to mention all relevant fossil names in the 
name of the zone: it is best to use the most characteristic one 
(see the above example of the Exusalbus Assemblage-zone) 
and avoid almost unreadable names, such as ‘Globorotalia 
(Turborotalia) acostaensisacostaensis – Globorotalia (G.) 
merotumida Partial-range-zone’. 

The type of zone need not be detailed if there is no 
specific reason to do so: it may be sufficient to term the 
unit, for instance, ‘Linopteris obliqua Zone’. The word 
‘Zone’ should have an initial capital if the biostratigraphic 
unit is used formally; when used informally, the word 
‘zone’ should be written with a lower-case initial. If a 
specific type of biozone is detailed (for example, Exusalbus 
Assemblage-zone), the initial letter of the type of zone 
should be capitalized; a hyphen should be used between 
‘Assemblage’ and ‘zone’; and the word ‘zone’ should, in this 
case, be written with a lower-case letter. If the unit’s name is 
used informally, the initial letter of the specific type of zone 
should be in lower-case (for example, Fusulinella-Beedeina-
Fusiella assemblage-zone). 

Hyphens should also be used when a subdivision of a 
specific type of zone is indicated (for example, Fusulinella 
Partial-range-zone). For a formal unit, only the first initial 
should be capitalized; in informal units, no capitals should 
be used. 

In contrast to the situation with lithostratigraphic 
units, the names of biostratigraphic units should be 
adapted to conform to changes in names of taxa required 
by the international codes of zoological and botanical 
nomenclature. 

Chronostratigraphic units 
Chronostratigraphic units are rock units that represent 
a specific interval of geological time. The distinction of 
chronostratigraphic units is particularly useful for age 
correlation of rocks. Various ranks of chronostratigraphic 
units exist, and their hierarchical order is eonothem 
(written with a lower-case initial except when used as 
part of a formal chronostratigraphic unit, such as the 
‘Phanerozoic Eonothem’); erathem (for example, the 
Cenozoic Erathem); system (for example, the Quaternary 
System); series (for example, the Pleistocene Series); stage 
(for example, the Weichselian Stage); and (rarely used) 
substage (for example, the Late Weichselian Substage). It 
should be noted that the term ‘substage’ used in the second 
edition of the Guide1 replaces the term ‘chronozone’ used in 
the first edition2 the second edition considers ‘chronozone’ 
to be a non-hierarchical, informal term. The various units, 
though preferably only the system and the series, may be 
extended with higher-order units (indicated by the prefix 
‘super’) and with lower-order units (indicated by the 
prefix ‘sub’). The rank of substage, as a replacement for 
‘chronozone’, should obviously not be extended with the 
prefix ‘super’ or ‘sub’. 

Formal chronostratigraphic units should have a binomial 
name: a proper name plus a term indicating the rank. Both 
words should have capitalized initials. In practice, the rank 
name is often deleted (‘Cretaceous’ instead of ‘Cretaceous 
System’), but this should be avoided because confusion 
can then easily arise with geochronological units (see the 
next section). When chronostratigraphic units are formally 
subdivided (for example, the Lower, Middle, and Upper 
Jurassic Series), the terms ‘Lower’, ‘Middle’ and ‘Upper’ 
should be written with an initial capital; if the age of a 
specific rock unit is not known in sufficient detail, lower-
case letters should be used (for example, upper Jurassic 
series), thus indicating that the rock unit is situated 
physically in the upper part of a Jurassic succession but that 
whether it dates from the beginning, the middle, or the end 
of the Jurassic Period is not known. 

Geochronological nomenclature 
A study of the literature leads to the conclusion that few 
authors – and apparently far too few editors – are aware 
of the differences between chronostratigraphic and 
geochronological nomenclature. Whereas the first deals 
with rock units (formed within a specific time), the second 
deals with time (during which specific rocks were formed). 

The way the geological timescale is subdivided forms 
the basis for chronostratigraphic subdivision. This implies 
that each chronostratigraphic term has a geochronological 
equivalent from which it was derived. It also implies 
that the hierarchical ranking of chronostratigraphy has 
a geochronological counterpart. The geochronological 
hierarchy is as follows (with the chronostratigraphic 
counterpart in parentheses): eon (eonothem), era 
(erathem), period (system), epoch (series), age (stage), 
and subage (substage). Periods, epochs, and ages can be 
extended (the prefixes ‘super’ and ‘sub’ can be used, as in 
chronostratigraphy). 

that may have to be dealt with, readers should refer to the 
Guide.1 

Stratigraphic units may also be used in an informal 
way (i.e. in a loose sense for example, because this is more 
useful locally or because a formal description of the unit is 
not yet ready). Such units need not be defined properly, but 
it is nevertheless advisable in such cases to adhere to the 
rules of nomenclature presented in the Guide.1 

The formal or informal character of a unit should be 
expressed in the spelling of its name (most commonly, 
informal names should be written without the initial 
capitals that should be used for formal units). The 
recommended differences between the terminologies for 
formal and informal units will be indicated in the following 
sections, wherever appropriate. 

Lithostratigraphic units 
Lithostratigraphic units are differentiated according 
to their types of rock (sandstone, granite, etc.). 
Lithostratigraphy can be applied to sedimentary, igneous, 
and metamorphic rocks or a combination of these, but it is 
used most commonly for stratigraphic studies concerning 
sedimentary rocks. The essential characteristic is a lithology 
that is different from that of the adjacent lithostratigraphic 
units (for example, a sandstone unit intercalated between 
shales, or a limestone unit with a number of volcanic 
ash layers intercalated between limestones without ash 
layers). There is currently an unfortunate tendency to 
differentiate between lithostratigraphic units on the basis 
of characteristics that can be analysed properly only in a 
laboratory (heavy-mineral assemblages, 12C:14C ratio, etc.), 
but this is not advisable: only major lithological features 
readily recognizable in the field (for example, fine-grained 
sandstone, black shale, poorly rounded gravel, coral 
limestone) should serve as the basis for lithological units. 

The most fundamental lithostratigraphic unit is 
the formation. Each stratigraphic column should, if 
subdivided on a lithostratigraphic basis, consist of at least 
one formation. Formations may be subdivided into lower-
rank units and/or be combined into a higher-rank unit. 
The ranking (in hierarchical order) is group, formation, 
member, and bed (these terms are written with lower-case 
initial letters, unless they are part of a formal stratigraphic 
name: see the next two paragraphs). The number of ranks 
can, if required, be increased by the addition of superunits 
(for example, a supergroup) or subunits (for example, a 
subformation). This, however, is not advisable because the 
differences between formal and informal units may become 
vague. 

The naming of each type of lithostratigraphic 
unit follows specific rules. Each name should have 
a geographical component and a rank component; 
a lithological component may be added but is rarely 
necessary. For formal units, all components should be 
written with an initial capital (for example, the Barranquito 
Member of the Tejerina Formation). For informal units, 
only the geographical component should be capitalized 
(for example, Prioro flysch formation) and the rank may be 
omitted (for example, upper Pando sandstone). 

The geographical component should be the name of a 
geographical feature (lake, hill, city, tower, etc.) where, or 
near which, the unit shows its typical lithology; it must not 
be identical with a name used for another unit of any rank. 
The geographical component after which the unit is named 
should preferably be found on a published map, though not 
necessarily a recent one. (Note that Google maps may be 
sufficient – although not all parts of the Earth have been 
mapped by Google – however a map from a quality agency 
such as the Ordnance Survey is preferable.) The spelling 
should be consistent with the usage in the area where the 
geographical feature is situated. The disappearance of this 
feature, or a change in its spelling, should not be followed 
by a change in the name or spelling of the name of the 
lithostratigraphic unit. 

It is not possible to distinguish formal units that are not 
primarily based on the presence of a formal formation. 
Formal beds can be distinguished only within formal 
members. It is possible to distinguish informal units 
within a formal (higher-ranked) unit (for example, the 
trilobite shale zone within the Mesao Limestone Member) 
or within an informal (higher-ranked) unit (for example, 
the basal conglomerate in the upper Pando sandstone), but 
the reverse (a formal unit within an informal one) is not 
allowed. The lithological component, if used, should be as 
simple as possible. ‘Limestone’ is to be preferred over ‘Marly 
Limestone’ or ‘Limestone-Marl-Limestone’, even if these 
last two terms are lithologically more correct. Terms that 
are sometimes used in a lithological manner but that are in 
fact interpretative should be avoided; a common example 
is the use of the term ‘till’ (for a deposit consisting of a 
boulder/sand/mud mixture deposited by glaciers) where 
the descriptive lithological term ‘diamicton’ or ‘boulder 
clay’ should be used. 

With respect to the lithological component, it should 
be remembered that lithostratigraphical units may change 
their character both laterally and vertically. This is one 
reason it is generally not considered useful to include a 
lithological component in a unit’s name. Another reason is 
that future research (for example, subsurface or offshore) 
may reveal lithological characteristics that are different 
from the ones currently known; the overall characteristics 
may nevertheless be so similar that it is logical and useful 
to attribute the newfound rocks to the previously defined 
unit. 

Biostratigraphic units 
Whereas lithostratigraphic nomenclature applies to all 
types of rock, biostratigraphic nomenclature is restricted to 
sedimentary rocks. Biostratigraphic units are distinguished 
by their fossil content. Each specific content of fossil 
species (or any other rank of fossils) in a succession (that 
is, an originally vertical pile of rocks formed by ongoing 
deposition of sediments) may be used to distinguish such 
a succession as a separate unit, termed ‘biozone’. Barren 
successions intercalated between two successive biozones 
are termed ‘barren interzones’; if they are found within a 
biozone, they are termed ‘barren intrazones’. 

Biozones may, like lithostratigraphic units, be combined 
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The names of the various geochronological units are 
almost always identical to those of their chronostratigraphic 
counterparts (for example, the counterpart of the 
Weichselian Stage is the Weichselian Age – the latest ice 
age). The only exceptions are the terms ‘Lower’ and ‘Upper’ 
in chronostratigraphy: they are replaced by ‘Early’ and 
‘Late’ in geochronology. For example, a succession of rocks 
belonging to the Lower Cretaceous Series consists of rocks 
that were formed during the Early Cretaceous Epoch; 
fossils from an Upper Jurassic succession date from the 
Late Jurassic. 

The hierarchical rank is rarely mentioned in 
geochronology but is sometimes required to avoid 
confusion. The term ‘Mesozoic’ thus usually indicates the 
Mesozoic Era, not the Mesozoic Erathem. The similar 
names, and the fact that the rank is usually not mentioned in 
geochronology, underlines the importance of mentioning 
the rank term in chronostratigraphy. 
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