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The two editions of the Handbook of Coal Petrography have been criticized on two
grounds:-

(i) the arrangement of terms is alphabetical and not by subject and, because of
this, it is difficult for non-specialists to follow. and

(ii) the possibilities of practical applications of coal petrology are not expressed
sufficiently clearly. Although the practical importance of numerous individual
terms is discussed, a summary, which could arouse the interest of the mining
engineer, plant engineers (of power stations, coke ovens etc), petroleum
geologists and others, is lacking.

With the publication of many important new terms in the Handbook, the Inter-
national Committee for Coal Petrology (ICCP) has resolved that there should be:-

a) a re-arrangement of the Handbook terms in eight chapters used in this and
subsequent pages according to subject, with an alphabetical index, and

b) an introduction to give a general explanation of the objectives, methods and
possibilities of applications of coal petrology.

The form of the terms has not been altered, each consisting of a collection of
separate sheets, all contained in a loose-leaf folder. Generally each of the terms contains
sections on the origin of the term, a description of the constituent concerned, its
properties, its occurrence and practical importance. Retention of this arrangement is
justified, because the work is essentially a dictionary, and thus should remain a glossary
and not be a dissertation. The sense of a dictionary is to explain the terms used in a
particular field of work, in this case coal petrography.

The introductory chapter is followed in chapter II by an explanation of general
terms which, besides being used in the general field of geology, also have a particular
importance in coal petrography. Thus, for example, it is impossible to discuss the origin
of coal without reference to the autochthony or to the allochthony of coal, or to the
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degree of coalification or rank; or to the definition of the different coal types which
occur in nature.

Chapters III, IV and V are devoted purely to petrographic terms. Chapter III is sub-
divided in the following manner.

As already stated in the introduction to the first two editions of the Handbook, the
ICCP, as a result of resolutions passed at the 3rd Congress of Carboniferous Stratigraphy
and Geology (Heerlen, 1951), accepted the task of producing a uniform international coal
petrographical nomenclature. As the beginning of its work, the Committee found many
different terms, based on a variety of methods of investigation, for which there were
numerous synonyms, many of which were used locally to an extremely restricted extent.
To produce useful work for the proposed international nomenclature, the Committee
saw itself forced to retain only a restricted number of terms, which were recognized by a
large majority of experienced world specialists. These terms, which were recognized as
belonging to international nomenclature, the Stopes-Heerlen nomenclature, are collected
in Chapter III. The technical terms used for hard coals are explained in Chapter I1IA and
those used for brown coals are explained in Chapter IIIB. An attempt to correlate the
macerals of brown coals with those of hard coals forms the conclusion to the chapter.

The supplementary edition contains for the first time data from the Brown-Coal
Group of the ICCP (formed in 1963), covering nineteen different macerals, maceral sub-
groups and maceral groups of soft and dull brown coals. These terms are laid out in a
similar manner to the longer-standing terms for hard-coal nomenclature. Sections have
been added on the etymology of the terms, the chemical properties of the macerals, their
botanical affinities and genesis, as well as on their alteration during the course of coalifica-
tion. The literature was considered more widely than previously, so as to indicate special-
ized information to the reader. Since many literature references are the same for different
terms, all the references have been collected together in a list at the end of Chapter I1IB.
General information about the methods of investigation etc. for brown-coal terms appears
in Chapter 1.
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The results of the Brown-Coal Group still lack complete descriptions for several
liptinite and inertinite macerals (suberinite, alginite, bituminite, fusinite, semifusinite and
macrinite). A most important problem for the future is the classification and quantitative
petrographic definition of microlithotypes and lithotypes, which are of especial interest,
particularly for applied brown-coal petrology. A special working group now deals with
analytical methods in brown-coal petrology and with their international norms. Another
working group is investigating the boundaries between different grades of diagenesis
within the brown-coal range and the boundary between brown coals and hard coals on
the basis of the reflectance of huminite (or respectively vitrinite), as well as on other
optical properties. The resuits of this future work of the Brown-Coal Group should
appear in a later edition or supplement of the Handbook for Coal Petrography.

Chapter IV is devoted to terms or classifications of several special or regional nomen-
clature systems, upon whose value the Committee does not offer judgement, but whose
publication is considered useful to provide comprehensive information for the reader.
These different systems have different bases; the “Thiessen-Bureau of Mines System” is
based on a special method of study, thin-section microscopy ; the ‘“Spackman System’’ on
a particular physical property, reflectance. The “System of the Institute of Geology of
the Academy of Sciences of the USSR”, which can be used both in investigations in trans-
mitted and in reflected light, sets out from a genetic viewpoint — the structure and type
of the progenitors of the macerals, as well as the composition of the plants, which partici-
pated in coal formation.

Besides the Stopes-Heerlen international nomenclature and the special nomenclature
systems, a number of remaining terms, which are difficult to classify, are grouped
together in Chapter V.

With every expansion of a scientific discipline, a large number of new terms
necessarily originate, many of which can be synonymous or analogous to other terms.
The compilation of an international nomenclature and of a corresponding dictionary
would be incomplete if these synonyms and analogues were not listed and this has been
done in Chapter VI.
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While the first edition of the Handbook was restricted to coal petrographical nomen--
clature and Part I of the second edition was devoted likewise exclusively to nomenclature,
Part II contained analytical methods in coal petrography. What was formerly Part II, can
now be found in Chapter VII of this supplementary edition. It has been much expanded
and now contains practically all coal petrographical methods of investigation which have
been internationally tested and which have been used both in the basic science and in the
applied petrography of hard coals.

An alphabetical list of contents of all terms forms the eighth and last chapter of the
Handbook.

Finally it should be noted that the following new sheets in this supplement have been
exchanged for some of those already published in the 2nd edition, because of improve-
ments or additions — collinite, fusite, maceral, microlithotype, rank (supplement),
sporinite (hard coal), telinite and vitrinite.
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SUPPLEMENT COAL PETROLOGY AND ITS Hard Coal
PRACTICAL IMPORTANCE

Coal occupies a unique position among rocks, due not only to its organic origin and
its particular conditions of formation, but also because of its great practical importance.
Up to the present, the bulk of the world’s hard coals and brown coals are produced for
energy requirements. But coal is also the basis for the organic chemical industry and is
essential in the form of coke for the steel industry. After some depression, which coal had
to endure because of the discovery of new energy sources, its importance today appears
again to be increasing. It is therefore not surprising that coal petrography has passed
through a considerable development during the last decade. Its task is to analyse this
individual rock, coal, to describe its constituents in detail, to determine its essential
properties, to investigate the structure of the deposits and, by studying its origin and
occurrence, to be able to give an indication of calculable reserves.

A. Hard Coals

Macroscopically two types of hard coals can be distinguished — on the one hand,
dull, compact and unstratified coals with an even, granular surface and on the other hand,
banded coals, which consist of alternating and more or less fine layers of varying bright-
ness. Exhaustive investigation of the former type, which are described as sapropelic coals,
has shown that these are coals of allochthonous origin, formed by the floating together of
very small organic constituents of different origin. The mode of formation of the second
type is autochthonous or hypauthochthonous. These accumulations of plant remains in
situ are known as humic coals and the layers that are built up are termed lithotypes.

The lustre of coal depends on two factors; on its composition and on its degree of
coalification. Coals of similar composition reflect light more strongly the higher is their
rank. Thus, the interbanding of bright and dull layers, which is characteristic of humic
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coals of low rank, has almost completely disappeared by the anthracite stage. In the low-
rank, hard coals the petrographic composition of the individual bands determines the
degree of lustre.

The layers or lenses of strongest lustre, which are termed vitrain, are the most homo-
geneous. They consist generally of more or less large fragments of plant organs and coali-
fied plant tissues. The layers of weak lustre represent a homogeneous mixture of more or
less small, bright and dull debris. The identification of these constituents is only possible
under the microscope. Since the physical and chemical properties of these various consti-
tuents are very different, their proportions in the different coal layers, which can only be
decided after an exhaustive microscopical examination, play a large part in the techno-
logical character of the coal. Macroscopic study of the seams, which is usually carried out
at different times during exploitation of the coal or in borehole cores, should show up
variations in seam structure within a specific geographical region. Together with observa-
tions on different irregularities in seam formation, for example, faults or wash-outs,
such study is useful in helping to formulate working plans for mines etc.

Because of the differing mechanical resistance of the lustrous (brittle) and dull
(compact) bands, macropetrographic seam profiles can also help in the selection of the
extraction method and the coal-winning machinery, and not least in the prediction of the
size distribution of the extracted coal. It is established that dull coal will be enriched in
the coarse particle sizes and bright coal in the fine particle sizes.

The proportion of bright to dull coal can vary considerably within a seam and parti-
cularly in different seams. The variation depends on the conditions of formation and on
the original plant materials. Thus, for example, in Great Britain there are frequent thick,
dullcoal layers, while on the European continent, finely banded seams predominate.
Such genetic differences can also be seen in the degree of purity of coals. The mineral
inclusions in Palaeozoic coals of the southern hemisphere are more finely distributed than
in those of the northern hemisphere. Here macroscopic study alone is insufficient to
determine the amount of intergrowths in relation to coal-preparation procedures.
Similarly, microscopical examination is also recommended for the accurate determination
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of other technological properties. Microscopical investigations on coal are normally
carried out in reflected light using oil-immersion objectives and a total magnification of
approximately x300, although today some coal petrographers still use the older technique
of thin-section examination. The international nomenclature, laid down by the Inter—
national Committee for Coal Petrology, which is published in this Handbook, is related
exclusively to coal constituents studied in reflected light. The smallest constituents which
are recognizable under the microscope are called ‘macerals’. Associations of macerals are
‘microlithoptypes’. Identification of macerals is based mainly on form (morphography)
and reflectance.

Macerals with similar reflectances are collected into maceral groups, because in fresh
unoxidized coals, similar reflectance is equated with similar elementary composition and
similar technological properties. In hard coals three maceral groups can be distinguished:

Vitrinite group —  medium reflectance,
Exinite group —  lower reflectance than the associated vitrinite,
Inertinite group —  higher reflectance than the associated vitrinite.

The most important maceral group in hard coals of the northern hemisphere is
vitrinite to which belong telinite with visible cell structure and structureless collinite. In
the Carboniferous coals of north-west Europe, for example, vitrinite amounts to between
60 and 80 per cent. Reflectance and carbon content rise with increasing rank, while the
volatile-matter yield falls. On the basis of these data it is possible by measuring the
reflectance of vitrinite to determine the rank of a coal precisely.

Macerals of the exinite group in coals with more than 20 per cent volatile-matter
yield (in vitrinite) have a lower reflectance than the vitrinite and a distinctly higher
content of volatile matter. They are very much more sparsely represented in hard coals
than is vitrinite. In the north-west European humic coals, for example, the exinite
content generally varies between 5 and 20 per cent, yet exinite in sapropelic coals can be
the predominant constituent.
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Four macerals are grouped under exinite — sporinite, cutinite, alginite and resinite.
The first three have characteristic forms, while resinite occurs mainly as more or less
diffuse impregnations of vitrinite or as an infilling of cell cavities or other spaces. Its
recognition is important, since resinite-impregnated coals possess particular technological
properties. Alginite, which is typical of sapropelic coals, especially boghead coals, shows a
characteristic green fluorescence in ultra-violet light. Pollen, spores, and up to a certain
rank, leaf epidermis, which forms sporinite or cutinite, can be isolated from coal with
chemical solvents and identified. Their large numbers and wide geographical distribution
allow statistical studies of their distribution in individual deposits and their use as zone
fossils for stratigraphical subdivision of these deposits.

In contrast to the macerals of the exinite group, the macerals of the inertinite group
have a higher reflectance than the associated vitrinite. They can be distinguished on their
form and their relief. Fusinite always has the highest reflectance, while the other macerals
of this group possess a reflectance which lies between those of the corresponding vitrinite
and fusinite. All these macerals have similar technological properties and their collection
in a group and the name of the group are justified in that they generally behave inertly
on coking, low-temperature carbonization and graphitisation.

Because of the differing technological behaviour of these maceral groups, quantita-
tive maceral analyses have been developed. Generally, a quantitative analysis of maceral
groups in a polished particulate block is sufficient, because the macerals of each group
possess similar technological properties. The maceral-group analysis is, together with the
determination of rank by reflectance measurement on vitrinite, the most important
analysis in applied coal petrography. The maceral-group analysis is, however, generally
insufficient to answer questions on seam identification and correlation. Here every
maceral is of importance. In certain cases it may even be advantageous to subdivide
a maceral into different submacerals. Thus, for example, the visible cell structure of
telinite can be subdivided either on the basis of the type of plant tissue or on the plant
type of which it is formed. A concentration of telinite arising from Lepidophytes can, for
instance, be characteristic of a seam in a particular geographical region. This would be an
example of a maceral variety.
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The macerals can also be subdivided on the basis of other criteria, for example, their
state of preservation, the particle size of fragments etc. Submacerals are based on such
criteria. Maceral varieties and submacerals are primarily used to investigate the origin of
seams. In such difficult genetic studies, as much information as possible should be
obtained for each constituent. In addition, special methods of examination may be
necessary, for example, careful and gradually stronger etching of the polished surface by
increasing etching time, fluorescence microscopy, electron microscopy or radioactive
etching. With all these methods structures can be seen to appear, which are not apparent in
the case of normal microscopy. Such structures are referred to as cryptomacerals.

In problems of seam correlation and coal preparation the microlithotypes (maceral
associations) and carbominerite (mineral intergrowths) must be considered as well as the
macerals, submacerals, maceral varieties and cryptomacerals. The macroscopically
recognizable layers with varying degrees of lustre often correspond to the microlitho-

types.

Three types of microlithotypes, mono-, bi- and trimaceral, can be distinguished on
the basis of their compositions and depending on whether they contain macerals of one,
two or three maceral groups. With the various possibilities for composition and band
width of these associations which existed, the ICCP was forced to introduce definitions
for the microlithotypes with suitable limiting values. These conventional limits are not
random, but have been tested by a working group, and have been determined, not only
by agreement through reproducible analytical results, but also on the basis of character-
istic technological properties. To allow subdivision of the microlithotypes the ICCP has
introduced two specific limitations:-

a) the minimum band width of a microlithotype band must exceed 50 microns, and

b) the monomaceral and bimaceral microlithotypes must not contain more than 5%
of macerals from maceral groups which are not characteristic of them by
definition; the trimaceral microlithotypes must contain more than 5% of all
maceral groups.
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To prepare seam profiles for use in seam identification and correlation on a micro-
scopical to macroscopic scale, certain contiguous microlithotypes must be grouped into
“Facies” layers of greater thickness. A definition for such collected units is very difficult,
because a large number of possibilities exist. The ICCP has still not laid down directives in
this sphere. It is, however, known that thick durite bands usually have a wide horizontal
distribution, so that these, in the same way as thick rock layers, can be employed for
seam correlation. These thick durite bands, whose thicknesses can occasionally amount to
several decimetres, become concentrated, when crushed, in the coarse particle fraction,
because of their higher mechanical resistance, while on the other hand, the brittle vitrite
and the still more friable fusite, are concentrated in the fine particle fraction. Generally it
appears that the bimaceral and trimaceral microlithotypes have higher mechanical resist-
ances than the monomaceral microlithotypes. This property is, however, only of
importance if the thicknesses of the microlithotype bands in seams exceed at least a few
centimetres.

In questions of thermal beneficiation of coals or of the behaviour of coals in power
stations, consideration of the microlithotypes is unnecessary; the maceral groups suffice.
Thus, for example, it is known that too high a content of fusite reduces the quality of
pitch-bound briquettes; and that in power stations firing with powdered fuel carrying too
high an amount of fusite causes delay in ignition, producing a reduction in the tempera-
ture of the hearth and increased pollution of the heating surfaces.

The microscopical investigation of coal is incomplete if it is only confined to
macerals and microlithotypes, because coal contains, in addition, mineral contaminants in
varying quantities, which are of great interest because of their practical importance. These
mineral contaminants can have different origins: they may form or have been deposited
at the same time as the macerals and they are then intimately intergrown with them. Such
minerals are described as syngenetic. Other minerals may be deposited later in cracks,
fissures or in cell cavities from circulating solutions. Such minerals are described as epi-
genetic. The syngenetic minerals generally have a wide horizontal distribution, so that
they can sometimes be used as marker horizons. Under this heading tonstein bands play a
special role, since certain of these are confined to specific stratigraphical horizons and
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they have been discovered in all European coal deposits. Likewise, some quartz layers can
be traced over wide areas. The same is true of fine concretionary pyrite, which is typical
of seams with marine roofs.

So useful are the mineral inclusions in coal for geological investigations, it is regret-
table that they are so harmful in mechanical and thermal beneficiation of coals. They are
particularly troublesome if they occur in fine-grained and finely dispersed forms in coals
because they then, quite irrespective of the preparation procedure which is applied, make
the preparation of mineral-free coal impossible, the production of which is occasionally
necessary for the manufacture of charcoal, electrode coke etc. It is therefore evident that
a microscopical examination of mineral content is necessary if the preparation potential
of a coal is to be precisely realised or a coal from which to prepare mineral-free coal is
sought. The determination of ash content in such a case is inadequate.

Information about a coal with respect to macerals, microlithotypes and mineral
constitution is also important in problems of coal genesis, description of deposits and
numerous technological processes, but the decisive factor in applied hard-coal petro-
graphy is rank, because it is on this property that the possibility of using a coal in an
applied field primarily depends. It is therefore not surprising that the precise determina-
tion of rank has been given particular attention.

To determine rank the volatile-matter yield of the whole coal or of a density fraction
(< 1.5g/cm3) is insufficient, because, especially in low-rank coals, the yield not only
depends upon rank, but also upon maceral constitution, which can vary over wide limits.
In contrast, it has been established that the different vitrinites of a single seam profile
(vitrinite being the most important and most representative maceral), display very similar
reflectances. The arithmetic mean of the reflectances of individual vitrinites shows, more-
over, that the scatter of values is very small. The mean reflectance of the vitrinites of a
coal seam is consequently a much more useful parameter to denote rank, and one which
is independent of maceral constitution. Exhaustive investigations on pure vitrinites isolated
from seams of different rank have shown that a close relationship exists between reflect-
ance and volatile-matter yield, as well as with the carbon content of these vitrinites.
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‘Iso-reflectance maps’ can be prepared for all exploitable seams of different coals
deposits, and on the basis of these maps an appropriate plan for mine workings can be
produced following economic requirements.

Rank determination on the basis of reflectance is today particularly applied to
coking-coal blends (‘Coal-blend analysis’). Only with such analyses can those responsible
for charging coke ovens determine the precise composition of the coking-coal charge and,
if necessary, alter it by an appropriate amount. This is all the more useful, since petro-
graphic analyses can be carried out rapidly. Since the composition of a coking coal can be
determined from coal-blend analysis and its maceral groups, it is possible nowadays to
calculate from the petrographic data its average volatile-matter yield and its coking
power. With a knowledge of the coking conditions, moreover, the coke strength, as well
as the gas, tar and benzol yields, can be calculated and, if necessary, optimized. Because
of the increasingly more complex composition of coking-coal blends, this form of coal
petrographic analysis is gaining increasingly in importance.

The possibility of determining rank with the help of reflectance measurements has
recently also acquired great importance in petroleum and natural-gas exploration. Bearing
in mind the close relationships which exist between rank on the one hand and the forma-
tion, chemical constitution and the elimination of petroleum and natural gas from the
crust on the other, reflectances are measured on tiny, coaly inclusions in the minerogenic
sediments from borehole chippings, because coal seams are seldom penetrated by oil
boreholes. Washed samples can be similarly investigated. On the basis of the measured
reflectances, conclusions can be drawn on the possibilities of the occurrence of petroleum
and natural gas.

Besides these microscopical investigations of coals, which can only be briefly
described here, there is still a wide range of possible, but mainly qualitative, investigations
to characterize the intermediate and finished products of mechanical and thermal coal
beneficiation, e.g. briquetting materials and briquettes, the raw products of conven-
tional and continuous coking, as well as normal cokes and form cokes. Thanks to these
studies, the transitional stages between the original materials and the finished products
are better known today, while improvements have been introduced to old established
techniques and new processes developed. The same is true with regard to increasingly
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important investigations of mining conditions, especially in relation to the installation of
larger continuously advancing machines, the improvement of automatic mine develop-
ment and to the hydromechanical winning of coal. All these techniques assume a precise
knowledge of the strata in the mine workings. In the future, the working petrographer
will have to be interested, not only in the coal and its constitution, but also in the
properties of the surrounding rocks. These questions do not at present lie, however,
within the scope of the work of the ICCP and the Handbook of Coal Petrography.

B. Brown Coals

Brown coals and lignites are, because of their low rank, of quite different composi-
tion to sub-bituminous coals and bituminous coals. It should be added that most brown
coals are of Cainozoic age and hence are formed from plants other than those forming the
bituminous coals (mainly Palaeozoic). The ICCP has therefore created during the last six
years an international nomenclature system for the macerals of low-rank brown coals,
based on the Stopes-Heerlen hard-coal petrographic nomenclature (also used for sub-
bituminous coals), which primarily distinguishes between different subdivisions of the
huminite group which is accepted as the precursor of the vitrinite group. The liptinite
(exinite) group and the inertinite group in brown coals have similar compositions to those
in bituminous coals.

The maceral group huminite in Tertiary brown coals is predominant and is technolo-
gically the most important. It is essentially composed of the plant substances cellulose
and lignin and it is subdivided on the basis of the morphological state of preservation of
these substances into three maceral subgroups: humotelinite (intact cell walls, cell
structure), humodetrinite (humic detritus) and humocollinite (humic gel). These three
maceral subgroups of brown coals correspond morphographically (not always genetically)
to the hard-coal macerals, telinite, vitrodetrinite and collinite. Because of the greater
heterogeneity of brown coals, each of these three subgroups comprises different macerals
which are distinguished from one another primarily on their state of gelification. The
degree of gelification of a huminite maceral is not only genetically important, but it is
also an essential factor in determining the technological suitability of a brown coal.

Gelification influences the crushing behaviour, the briquetting capacity and with it also
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the suitability of the coal for the preparation of high-temperature coke. With maceral
analyses of huminite, it is also possible to make additional comments on the combustion
behaviour of a brown coal and on the crushing behaviour, which is influenced strongly by
the amount of humotelinite.

The liptinite fraction of a brown coal is important for bitumen extraction, montan-
wax production, tar recovery (in the case of liptinite-rich lignites) and for hydrogenation.
Furthermore, it is possible with the liptinite macerals, sporinite and cutinite, to correlate
brown-coal seams or seam sections — primarily with the pollen contained in the sporinite
— and to carry out stratigraphic-age determinations. Of course, these macerals must be
separated and isolated from other macerals by maceration. ‘Cuticle analysis’ and ‘Pollen
analysis’ have attained great importance for the geologist and the palaeobotanist, not only
in problems of age, but also in questions of seam genesis (types of seam-forming plants,
depositional conditions etc).

In contrast to the hard coals, inertinite plays a quite secondary role in the brown
coals of the great Tertiary deposits. In individual occurrences of brown coals, for example
in India and in the Balkans, more inertinite is found. Of the inertinite macerals, sclero-
tinite has a particular importance, in Tertiary brown coals showing very characteristic
forms, which are fundamentally different from those in Palaeozoic and Mesozoic coals
and hence have a stratigraphic importance.

In brown-coal microscopy, in contrast to hard-coal microscopy, fluorescence investi-
gations are indispensable, not only for the recognition and differentiation of the liptinite
macerals, but also for the macerals of the huminite group. Furthermore, dark-field,
reflected-light microscopy and micro-hardness measurements on brown coals are
frequently employed, particularly for more satisfactory recognition of gelification
differences. Reflectance measurements on huminite (as a precursor of vitrinite), have
shown great variation in single coals, depending on humification and the degree of gelifi-
cation. Such measurements thus (and on other grounds), have not the same importance
for rank determination as they do in hard-coal petrography.

The brown-coal lithotypes, namely the macroscopically different strata and bands in
a seam, can be subdivided on colour (measurable by remission), fissuring and inclusions
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(wood, resins, minerals, etc.). The microlithotypes of brown coals should be quantita-
tively determined on the proportion of different macerals within a microscopical field of
prescribed size, in a similar manner to the microlithotypes of hard coals. The proportion
of different lithotypes and microlithotypes is of particular interest in applied brown-coal
petrography.

In clarifying questions of genesis of the macerals and microlithotypes of hard coals,
the petrographic examination of brown coals is indispensible. The existing geological age
differences (Carboniferous — Tertiary), and consequently, the differing variety of the
plant-source materials, must of course be considered.

To conclude this short introduction to coal petrology and its principal applications
in practice, the reader is recommended to consider first of all the terms and analytical
methods referred to in this chapter. In this way the detailed study of the complete
nomenclature will be made much easier.



SUPPLEMENT GENERAL NOTES

1971 Nomenclature Sub-Committee

International Committee for Coal Petrology

Brown Coal

1

For the sheets dealing with brown-coal terms the ‘General Notes’ and the
‘Abbreviations’ of the 2nd edition (1963) of the Handbook apply, particularly
for the colour of macerals in transmitted light.

Since fluorescence observations have a diagnostic value in brown-coal micro-
scopy, the fluorescence behaviour (usually in blue light) is indicated. The
following lamps and filter combinations have principally been used:-

a) Blue light: Phillips high-pressure mercury lamp CS 150W (for Leitz micro-
scopes) or Osram HBO 200 (for Zeiss microscopes) with a Schott exciter
filter BG 12/3mm and a Schott barrier filter OG 1/1.5mm (corresponding to
the Leitz barrier filter K 530).

b) Ultra-violet: lamps as for blue light: a Schott exciter filter UG 1/2 mm and
a Schott barrier filter GG 9/1mm (corresponding to the Leitz barrier filters
K 430 and K 460).

Reflectance data relate to measurements at a wavelength of 525nm, if not
otherwise stated (the Analysis Sub-Committee has recently decided that in
future such measurements should be made at 546 nm). The refractive index of
the immersion oil used is n = 1.519 at a wavelength of 525 nm. R, ang is the
random reflectance (i.e. without polariser); R is the maximum reflectance

max
in oil (unless otherwise stated) with the polarizer placed in the 45° position.
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General Notes 2

Remission values relate to measurements at a wavelength of 659 nm with a Zeiss
(Jena) ‘‘Spekol-Kugel-Reflektometer”1 3

The brown-coal sheets apply to brown coals and to lignites. For sub-bituminous
coals the nomenclature for hard coals is used, since sub-bituminous coals are
petrographically very similar to hard coals.



CORRELATION OF THE HUMINITE MACERALS OF BROWN COALS WITH THE VITRINITE MACERALS OF HARD COALS

Brown Coal Hard Coal
Maceral Maceral Maceral Maceral Type Maceral Maceral Type Maceral Maceral
Group Subgroup Variety Group
Textinite A (dark)
B (bright)
A
Humotelinite Texto-Ulminite
B
Ulminite Telinite 1
A
Eu-Ulminite Telinite
B
Telinite 2
2 Attrinite Vitrodetrinite | ,
g Humodetrinite =
E Densinite £
= Desmocollinite s
Detrogelinite
Levi-
Gelinite gelinite Telogelinite Telocollinite
Collinite
Eugelinite Gelocollinite
Humocollinite Porigelinite
Corpo- Phlobaphenite
huminite
Pseudo-Phlobaphenite Corpocollinite
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International Committee for Coal Petrology
1971 Nomenclature Sub-Committee Hard Coal

SUPPLEMENT ALGITE R. L.
(Stopes-Heerlen System)

I — ORIGIN OF TERM

The term algite was used by G. H. Cadyl in 1942. The Nomenclature Sub-Committee
resolved in 1964 to use this term to denote a monomaceral microlithotype consisting
only of alginite.
II — DESCRIPTION

See alginite.

Algite must contain at least 95% alginite. In quantitative petrographic analysis only
layers or fields greater than 50 microns in width are recorded as algite.

Algite can contain occasional small quantities of mineral impurities, which are pre-
dominantly clay minerals or pyrites.

Ili — OCCURRENCE

Algite occurs in sapropelic coals, especially in boghead coals.

IV — PRACTICAL IMPORTANCE

See sapropelic coals.

1. Cady (G. H.). Modern concepts of the physical constitution of coal. J. Geol., 50,
(1942), p.337-356.




International Committee for Coal Petrology
1971 Nomenclature Sub-Committee Brown Coal
SUPPLEMENT ATTRINITE R.L.
(Stopes-Heerlen System) T.L.
I - ORIGIN OF TERM

The term attrinite was proposed by the Association of Coal Petrographers of the
USSR in 1963 for gelified particles in (brown) coals, which are smaller than 50 microns
diameter”. The International Committee for Coal Petrology has used the word attrinite
since 1970 for a maceral of the huminite group (subgroup-humodetrinite), that consists
of fine particles, which form the ungelified humic “groundmass’ of brown coals.

Etymology:

Synomyms
and
analogous terms:

attero (Lat.) — to rub against, to wear away, to disintegrate.
attritus (Lat.) — worn out, disintegrated material.
ungelified detrinite 3 -

117

translucent humic degradation matter™ "’
in part: -
detrinite 109, 3 7,
detritus 126,

humic detritus 113 ,

detrinitic, attrinitic, herbaceous or

24

humic groundmass <™,

gelinito-posttelinite and gelinito-precollinite 19

1 Reunion of coal petrographers of the USSR (1963), Nov., emend., Babinkova, N. J.
and Mussial, S.A. Nomenclature des microconstituants (mac€raux) des houilles brunes de
I'URSS, Moscow. 1965.
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I — DESCRIPTION

a) Morphography

Under the term attrinite are classed fine (mostly £10 microns) detrital huminite
particles of different shape, among them cell-wall fragments (which can also be >10
microns), and formless, foamy-porous, huminitic material. These different constituents
are mostly intimately mixed with one another and are more or less loosely packed, so
that together they display a spongy appearance83. Attrinite represents a kind of ‘ground-
mass’ for the other macerals of brown coals, particularly in soft brown coals.

b) Physical Properties
Colour: Transmitted light — yellow to light reddish brown.
Reflected light (bright field, oil immersion) — more or less dark gray.

Reflected light (fluorescence) — none or only very weak, dark brown
fluorescence™".

Reflectance: dependent on the original material (see also textinite,
ulminite, gelinite).

Anisotropy: isotropic in reflected light; in transmitted light (in peats
and low-rank brown coals), in part weakly anisotropic, probably because of
cellulose remains°.

c) Chemical Constitution and Chemical Properties

Attrinite consists of humic substances, possibly also of remains of lignin and cellu-
lose. The chemical properties of attrinite vary; they are primarily dependent upon the
respective original materials. Since pure attrinite, because of its intimate intergrowth with

other macerals, cannot be isolated, analytical data for coals with more than 90 per cent
humodetrinite (chiefly attrinite), are reported in the following Table:
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Rhenish Brown Coal ]| Lower Lausitz Brown Coal
Deposit (German Federal (German Democratic
Republic) Republic)
Miocene Miocene
pale layersl 16 Burghammer Kleinleipisch
% (> 90% humo- Site Site
detrinite)
(mean of 6 samples) (> 95% humodetrinite)

Moisture (as mined) 59.1 ca. 60.0 58.8
Ash (moisture-free) 6.6 6.2 53
Moisture and ash-free:
Carbon 68.3 63.8 65.8
Hydrogen 5.6 4.9 47
Oxygen 245 28.7 28.6
Nitrogen 1.1 0.7 0.8
Sulphur 0.5 1.9 n.d.
Low-temperature, tar 129
Bitumen extract - 4.1
Cellulose 1.7
Methoxyl 1.5
Free humic acids 16.5
Ca-humic acids 199
Humic acids (not bzound to Ca) 12.7
Total humic acids 430 573

n.d. — not determined

1

Z after Souci

Soxhlet — benzene : alcohol = 1:1
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III — BOTANICAL AFFINITIES AND GENESIS

The detrital part of attrinite originates through strong structural decomposition of
plants or plant parts with little resistance. Chief sources for attrinite are herbaceous
plants and the wood of angiosperms. Detrital attrinite forms in relatively aerobic
facies. The formless, foamy-porous part of attrinite consists of flocculated humic colloids.

IV . — ALTERATION DURING COALIFICATION

Through increasing gelification attrinite becomes homogeneous (transition into
densinite) and vitrinized. Its reflectance increases and its fluorescence properties
disappear almost completely. At the boundary between the dull and bright brown coals,
the attrinite, or alternatively the densinite formed from it, passes into desmocollinite. At
the same time weak strain anisotropy appears in transmitted light.

V — OCCURRENCE

Attrinite is a principal constituent of nearly all soft brown coals. In hard brown coals
it is much reduced. Its contribution to the constitution of soft brown coals is dependent
upon facies. It is especially abundant (up to 90 per cent of the whole coal) in coals which
form from herbaceous plants (reeds) and from fragments of angiosperm trees! 13. In coals
which are derived from conifers (e.g. Taxodiaceae — Cu?ressaceae), the attrinite content
is reduced in favour of the humotelinite macerals! 3 In coals suitable for low-
temperature carbonization, the attrinite content is reduced in comparison to the liptinite

macerals.

VI — PRACTICAL IMPORTANCE

a) Crushing Behaviour

Because of its low mechanical resistance (low hardness, grain shape), attrinite
possesses suitable properties for crushing and appears predominantly in the range of
particle sizes from 2.0 — 6.3 mm"“,
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b) Briquetting, Low-temperature Carbonization, High-temperature Carbonization
(Brown Coals)

Attrinite is a suitable maceral for a wide range of industrial processes 30, 31, 68, 69,

70, ii’ 103, 107 technological properties deteriorate to some extent with increasing
rank” .

The following Table gives a summary:

Technical Process Moisture Content (as mined)
70-55% ca. 55-45% <45%
Briquetting very good good to bad (generally
(extrusion press) moderate only possible
with binder)

Low-temperature tar yield generally low
carbonization coke yield coke yield coke yield

relatively low medium relatively high
High-temperature firm, dense, coke with dense coke
carbonization fissure-free, less firmness, in small
(Bilkenroth-Rammler coke in coarse | dense, medium- | lumps
continuous process) lumps sized lumps

¢) Bitumen Extraction

Relatively poor in extractable bitumen!16-

d) Oxidizability

Relatively easily oxidized.
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Fig. 1.
Attrinite: mixture of detrital particles and an intermixed porous gel
(note the many pore spaces ( black) compared with densinite) in a Miocene soft brown coal
from the Lower Rhine district (German Federal Republic) .
reflected light, oil immersion, 250x.

Fig. 2.
Attrinite: porous gel and (secondary) detrital particles in a Miocene soft brown coal
from the Lower Rhine district (German Federal Republic)
reflected light, oil immersion, 250x.

Fig. 3.
Attrinite: predominantly porous gel, besides detrital particles (centre — resinite particle)
in a Miocene soft brown coal from the Lower Rhine district (German Federal Republic)
reflected light, oil immersion, 250x.

Fig. 4.
Attrinite: a mixture of different sizes of detrital particles and intermixed porous gel
in a Miocene soft brown coal from the Lower Rhine district (German Federal Republic)
reflected light, oil immersion, 610x.

Fig. 5.
Attrinite: mixture of detrital particles (& 10 microns), cell-wall fragments and porous gel
in a Miocene soft brown coal from East Lausitz (German Democratic Republic);
reflected light, oil immersion, 500x.

Fig. 6.
Attrinite: mixture of detrital particles ({10 microns), cell-wall fragments and porous gel
in a Miocene soft brown coal from East Lausitz (German Democratic Republic);
reflected light, oil immersion, 500x.
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International Committee for Coal Petrology
1971 Nomenclature Sub-Committee Hard Coal

SUPPLEMENT CARBOMINERITE R. L.
(Stopes-Heerlen System)

I — ORIGIN OF TERM
The term carbominerite was proposed by M.-Th. Mackowsky in 1963 to designate
associations of microlithotypes with different minerals and the term was accepted by the

Nomenclature Sub-Committee in 1964. The density of the associations lies between 1.5
and 2.0 g/cm3 (in the case of anthracites the density is somewhat higher).

I — DESCRIPTION

See carbargilite, carbopyrite, carbankerite, carbosilicite and carbopolyminerite.

Summary of the carbominerites: see the term ‘microlithotype’.




International Committee for Coal Petrology
1971 Nomenclature Sub-Committee Hard Coal
SUPPLEMENT CARBOPOLYMINERITE R.L.
(Stopes-Heerlen System)
I — ORIGIN OF TERM

The term carbopolyminerite was introduced in 1965 by the Nomenclature Sub-
Committee for polymineralic coal-mineral intergrowths.

I — DESCRIPTION

Intimate association of each microlithotype with at least two different minerals,
which must contain more than 5% by volume and less than 20% by volume of sulphide
minerals and less than 20% by volume of clay minerals, carbonate minerals, quartz or
other minerals; or less than 5% by volume of sulphide minerals and more than 20% by
volume but less than 60% by volume of other minerals.

The largest of the mineral grains or bands must not exceed 30 microns, since other-
wise the density of the 50 microns minimum band width of the microlithotype would
exceed 2.0 g/cm3.

Since in polymineralic coal-mineral associations quartz can always be included, it is
appropriate to use air or water-immersion objectives before using oil-immersion
objectives.

Appearance of the minerals in reflected and transmitted light — see carbargilite, car-
bankerite, carbopyrite and carbosilicite.

In petrographic analysis only carbopolyminerite layers with a band width greater
than 50 microns are recorded separately.

Polymineralic coal-mineral associations with more than 60% by volume of clay
minerals, carbonates and quartz, or with more than 20% by volume of sulphide minerals
would be classified as ‘rock’, because the density would exceed 2.0 g/cm”.
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The ash content varies, depending on the mineral composition, from between 15 and
20 per cent up to between 50 and 60 per cent.

In the range of bituminous coals the density varies depending on the mineral content
and composition from 1.5 to 2.0 g/cm3 . With larger amounts of siderite and sulphide
minerals, the density is somewhat higher.

Il — OCCURRENCE

Widespread — apart from carbargilite, carbopolyminerite is the most important coal-
mineral association. In matters of seam identification and correlation, carbopolyminerite
is generally less useful than the monomineralic coal-mineral intergrowths.

IV — PRACTICAL IMPORTANCE

See carbargilite, carbopyrite, carbankerite and carbosilicite.

Fig. 1.
Carbopolyminerite with pyrite, clay minerals and vitrinite
(pyrite — white; clay minerals — black; vitrinite — gray);
reflected light, oil immersion, 300x.
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International Committee for Coal Petrology
1971 Nomenclature Sub-Committee Hard Coal

SUPPLEMENT CARBOSILICITE R.L.
(Stopes-Heerlen System)

I - ORIGIN OF TERM

The term carbosilicite was introduced in 1964 by the Nomenclature Sub-Committee
to designate carbominerite with between 20 and 60% quartz by volume.

I — DESCRIPTION

Intimate association of each microlithotype - with 20—60% quartz by volume
(including chalcedony), whose grain size must not exceed 30 microns. Larger quartz
grains of deposits in cleats and fissures with a width greater than 30 microns are classified
as ‘rock’, since the density of the normal 50 microns minimum band width of the micro-
lithotype would exceed 2.0 g/cm3 !

Quartz appears dark to medium gray in reflected light with a strong relief compared
with vitrinite.

Certain identification of quartz is only possible with dry or water-immersion
objectives, since with oil-immersion objectives quartz can no longer be identified, because
of the similarity in refractive index between immersion oil and quartz.

Quartz appears isotropic in reflected light. In transmitted light it is weakly aniso-
tropic.

In petrographic analysis bands of carbosilicite greater than 50 microns width are
recorded separately. Besides quartz, carbosilicite can contain up to 5% by volume of iron
pyrites and up to 20% by volume of clay minerals and/or carbonates.

Coal-quartz intergrowths with more than 60% of quartz by volume are assessed as
rock, since their density exceeds 2.0 g/cm3 !
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The ash content of carbosilicites, which are free of other minerals, varies between 20
and 60%.

Density varies with quartz content from 1.5 to 2.0 g/cm3.

IlI — OCCURRENCE

Widespread, although generally in small amounts. Carbosilicite bands can occasion-
ally serve as an aid in seam identification and correlation.

IV . — PRACTICAL IMPORTANCE

In coal preparation carbosilicite falls, as do carbankerite, carbopyrite and carbargilite,
into the category of ‘true intergrowths’. Because the intergrowth of the quartz with the
coal is so intimate, it is not possible to free the quartz from the coal by crushing, and it
consequently appears in the ‘middlings’. It is usually possible to free the quartz from
cleats and fissures by crushing.

Because of the high hardness of quartz, carbosilicite causes wear.

When carbosilicite occurs in appreciable quantities in cleaned coal, it acts as an inert
material on coking and swelling properties, hydrogenation and gasification, but without
giving rise to any particular trouble or difficulty.

Carbosilicite shows no tendency to spontaneous combustion or production of dust.

Larger quantities of carbosilicite may require special attention on the grounds of
industrial hygiene.
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Fig. 1.
Quartz (dark gray with strong relief) associated with vitrinite
in the Kreftenscheer Seam, Ruhr (V.M. -ca. 12% daf);
reflected light, dry objective, 150x.
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International Committee for Coal Petrology
1971 Nomenclature Sub-Committee Brown Coal
SUPPLEMENT CHLOROPHYLLINITE R.L.
(Stopes-Heerlen System) T.L.
I — ORIGIN OF TERM

The term chlorophyllinite was introduced in 1970 by the Nomenclature Sub-
Committee for a maceral of the liptinite group. The term chlorophyllinite has wider
implications than the term chlorophyll.

Etymology: chloros (Greek) — green,
phyllon (Greek) — leaf.

I — DESCRIPTION
a) Morphography

Chlorophyllinite mainly forms small, round particles of approximately 1-5 microns
diameter. In rare cases, for example, algal chlorophyllinite3 6, the diameter may reach 100
microns. Red luminescence is characteristic. Chlorophyllinite can be easily identified
when it is well-preserved. Recognition is made difficult by imperfect chemical preserva-
tion. In doubtful cases such particles would be recorded as liptodetrinite.

b) Physical Properties

Colour: Transmitted light — systematic investigations are lacking. Only
when heavily concentrated is chlorophyllinite recognizable by its pale green
colour62. This weak colour can be masked by brown, humic substances.

Reflected light (bright field, oil immersion) — since chlorophyllinite usually
consists of small particles and is only weakly reflecting, it cannot be
distinguished from liptodetrinite in this type of illumination.
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Reflected light (fluorescence) — chlorophyllinite displays strong blood-red
fluorescence. Since other macerals do not fluoresce blood-red, the smallest
chlorophyllinite particles can be detected and specifically identified 37, 38.
Weak decomposition appears to be sufficient to cause a colour shift from blood-
red through rose to creamy-white. Blue-light or ultra-violet radiation will produce
this effect within approximately 10-15 minutes; the change is irreversible.

Reflectance: no observations are available; values of a similar order to
those of other liptinite macerals can be expected.

¢) Chemical Constitution and Properties

Since chlorophyllinite displays the same physical properties in fluorescence analysis
as recent chlorophyll, it can be inferred that it will also be chemically similar. The
following data relate to recent material®s 19> 80, 99, 127 Chlorophyll occurs in two
varieties with the empirical formulae C55H72MgN405 and C55H70MgN406. Both are
waxy di-esters. The Mg atom typical of chlorophyll occupies a central position and is
surrounded by four nitrogen atoms, the latter, each with four carbon atoms, forming a
pyrole ring. Such compounds are termed porphyrins. Chlorophyllinite will decompose
considerably more easily than other liptinite macerals and only remains well-preserved
under highly specific facies conditions. Weak acids destroy chlorophyll causing brown
colouration and eliminating magnesium. Magnesium can be replaced during fossilization
by other elements, e.g. Fe, Ni, V. etc.12’ 25.

Chlorophyll is whollg or partially soluble in ether, alcohol, acetone, benzene and
other organic solvents®> 85 19 Consequently, during bitumen extraction it is dissolved.
The greenish brown colour and red fluorescence 22 of some peat extracts and of many
algal-muds61 are due to dissolved chlorophyll. With increasing chlorophyll decompos-

ition, extracts of recent sediments (mud deposits) show a change in intrinsic colour from
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green to yellow to brown, which can be correlated with the pH value of the deposit23 .

Chlorophyllinite can contain the following materials:
i) different pigments belonging to the chlorophyll group,
ii) their decomposition products, and

iii) other residual organic matter as well as inorganic constituents.

III — BOTANICAL AFFINITIES AND GENESIS

Chlorophyllinite originates in chlorophyll pigments (grana) and in hyaloplasmatic-
frame material (stroma). Grana and stroma combine to form finely laminated constitu-
ents, which are described as chloroplasts. In the higher plants these are mainly lens- or
disc-shaped and are found in leaves, young stalks, young fruits etc. Numerous algae also
contain chloroplasts whose form is quite different.

The main part of chlorophyll is destroyed before peatification occurs. Only under
strongly anaerobic conditions and (in the case of a rather broad facies spectrum) in
moderate to cool climates, can chlorophyll be preserved in the form of chlorophyllinite.
This chlorophyllinite will not be altered, or only very slightly, by the humification
process in the peat and soft brown-coal stages.

IV — ALTERATION DURING COALIFICATION

In sub-fossil stages chlorophyllinite is relatively abundant, but has an irregular distri-
bution. In Tertiary European soft brown coals its amount decreases in relation to the
palaeoclimate; thus in coals of the older deposits formed in warm periods, chlorophylli-
nite is already less abundant. In older soft brown coals its appearance is limited to a few
quite specific facies types. In the lignite stage systematic observations are not available
and chlorophyllinite has only been identified in algal gyttja at this level of coalifi-
cation 6, In the hard coals no investigations are known; this also applies to algal gyttja
and bituminous shales.
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V — OCCURRENCE

Chlorophyllinite is a sporadic constituent of almost all brown coal, sapropelite and
peat deposits. Since fossilization of chlorophyll is only possible under strongly anaerobic

conditions, chlorophyllinite is found primarily in strongly gelified soft brown coals,
which have not been deposited as gyttjae (e.g. ‘leaf coal’ of Geiseltal, Germany), as well
as in algal gyttjae and other sapropelites. Chlorophyllinite has also been noted in the
Moscow brown coal of Lower Carboniferous age3 . In the younger Tertiary and Pleisto-
cene soft brown coals and peats, chlorophyllinite occurs over a wider facies spectrum.
Thus, the normal swamp-forest coals and the young high-moor peats can also both
contain chlorophyllinite.

VI — PRACTICAL IMPORTANCE

Since chlorophyllinite only occurs sporadically, it has no direct practical importance.
It has an indirect significance as a facies indicator, for example, of the degree of anaero-
bism and the climate at the time of sedimentation.
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1971 Nomenclature Sub-Committee Hard Coal
SUPPLEMENT COLLINITE" R.L.
(Stopes-Heerlen System) T.L.
I — ORIGIN OF TERM

The term collinite was proposed by M. C. Stopes1
gel . ...”, which formed from “. . . . dissolved ulmin . . ..

to denote “. ... a reprecipitated

2

Etymology: kolla (Greek) — glue.
Analogous terms: ciment amorphe, pate or gelee,
or substance fondamentale (Duparque and Bertrand),
Collit (Jongmans),
desmite (Ammosov),
anthraxylon (Thiessen) — collinite in layers greater than
14 microns wide,
in part gelinite (Podgajni),
in part gelinitocollinite (IGM),
in part vitrinite A and vitrinite B (Brown, Cook and Taylor),
in part homocollinite and heterocollinite (Alpern).
the Brown Coal term humocollinite corresponds to the Hard Coal
term collinite.

I — DESCRIPTION

a) Morphography

Collinite comprises a range of constituents, all of which display an absence of ccll
structure under normal microscopical conditions. Furthermore, the constituents have

almost the same reﬂectancez.

Morphographically collinite can be differentiated into four submacerals.

) see vitrinite
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1. Telocollinite

Telocollinite appears comPletely homoEeneous and, in contrast to the other sub-

macerals of collinite, occurs in wide layers, whose margins can still be seen (Fig. 1). Its
reflectance is slightly higher than that of the other submacerals, lying in the upper part of
the reflectance-distribution curve for collinite. Telocollinite was named homocollinite by
Alpern3 and it probably also corresponds at least in part to the vitrinite A of Brown,
Cook and Taylor4. The properties listed by these authors for these two constituents
correspond to a large extent with those of telocollinite.

When coal is crushed, the natural boundaries between individual layers of telocolli-
nite are destroyed and in their place new fracture surfaces are developed. It is therefore
difficult to identify telocollinite on polished particulate samples.

After etching a polished surface with oxidizing agents, the greater part of the telo-
collinite displays a cell structure with either more or less oval cell cavities (Type 1) or
compressed closed cell cavities (Type 2). These particular cell structures of telocollinite
are known as cryptotelinite after etching (Fig. 2), showing that telocollinite represents
the end-stage of gelification of a preserved plant tissue. Telocollinite is therefore synono-
mous with the term ‘ulminite’ of M. C. Stopes.

The eu-ulminite of brown coals develops into telocollinite with increasing rank.

2. Gelocollinite

Gelocollinite basically corresponds to a pure colloidal gel which has a homogeneous
and dense appearance. Before hardening, the gel can impregnate fissures and cell cavities.

Unlike telocollinite, gelocollinite has no distinct form and its boundaries are defined by
the surfaces of associated macerals. In contrast to gelinite of brown coals (q.v.), gelo-
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collinite rarely occurs pure and in large quantities with its characteristic shrinkage cracks
in hard coals. Its reflectance is similar to that of telocollinite and is rather higher than
that of desmocollinite. Gelocollinite basically corresponds to the ‘true collinite’ (eu-
collinite) of hard coals. It is abundant, although the part it plays in the petrographic com-
position of coal is now less than was earlier believed.

After etching with oxidizing solutions, gelocollinite particles of desmocollinite (see
desmocollinite) become black. Simultaneously, an unevenness develops on the surface of
the polished section due to the removal of cryptogelocollinite by etching.

In other cases rounded bodies, which would not be seen before etching, become
visible and are termed cryptocorpocollinite.

3. Desmocollinite

Desmocollinite corresponds to completely gelified and compacted humodetrinite of
brown coal. When compared to telocollinite, this original heterogeneity of composition of
desmocollinite manifests itself in a slightly lower reflectance. In low-rank coals the mean
reflectance may lie as much as 0.1% below that of telocollinite.

Desmocollinite was described by the term vitrinite B in 1964 by Brown, Cook and
Taylor4 and by Alpem3 in the same year as heterocollinite. It had already been estab-
lished with the electron microscope in 1956 that this type of collinite displayed a
granular structure and that it was enriched in syngenetic trace elements (Alpern and
Quesson5 ).

When etched with oxidizing agents, the gelocollinitic part of desmocollinite turns
black (cryptogelocollinite), while the small fragements of vitrodetrinite (cryptovitro-
detrinite) become visible, thus demonstrating the connection with attrinite and densinite
of brown coals. Moreover, cryptocorpocollinite also becomes visible occasionally.

It appears that desmocollinite is more abundant than the purer geiocollinite.
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4. Corpocollinite

The term corpocollinite is used to described homogeneous and massive, round, oval
or more or less angular bodies, which are occasionally found in coal. They may be
isolated, but they can also occur as cell infillings. Their size corresponds to that of plant-

cell cavities (50-100 microns, Type 1) (Fig. 3), but much 1argar oval and isolatad bodias
(up to 300 microns) are sometimes found and these occasionally show indications of
layering (Type 2) (Fig. 4). Since corpocollinite arises from excretions or cell fillings,
its form varies from round to elongate to angular depending on the orientation of the
cells or the direction in which the section is cut.

Rounded bodies, whose reflectance differs from that of vitrinite, are not termed
corpocollinite.

After etching vacuoles become apparent in some corpocollinite. Cryptocorpocollinite
may appear in the three other submacerals of collinite after etching, especially in telo-
collinite and desmocollinite.

b) Physical Properties

Colour: Transmitted light — reddish brown to opaque.

Reflected light — dark gray to white.

Reflectance: ﬁmax = 0.5 to 8.0% for measurements in oil at a wavelength of
546 nm; between approximately 6 and 17% for air measurements.

The extreme values for n and k, which can be calculated from reflectance
values in air and oil, vary at 546nm between:-

Refractive Index: n=1.73-2.60

Absorptive Index: k=0.02 - 0.60
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During the course of coalification the oil reflectance of collinite approaches
that of fusinite, until both have reached approximately 5% reflectance. Contrary
to the accepted opinion, with further rise of coalification the reflectance of
collinite becomes higher than that of all other macerals6.

Anisotropy: first becomes visible when the reflectance is higher than 0.5%,
which corresponds approximately to Ry. The difference R . — R ..
increases with rise of rank and can reach values as high as 5, or in the peranthra-
cites as much as 6.

Anisotropy can already be observed in transmitted light in the earlier rank
stages of hard coals; for the same level of rank the anisotropy is always higher
than in reflected light.

Fluorescence (UV): no fluorescence, except in some low-rank hard coals.

Micro-hardness: depending on rank the Vickers microhardness lies between
30 and 100 kg/mmz. It passes through a minimum at approximately 89%
carbon. Since most macerals on polished surfaces have a stronger relief than
collinite, statements on the strength of relief are referred to collinite.
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International Committee for Coal Petrology
1971 Nomenclature Sub-Committee Brown Coal
SUPPLEMENT CORPOHUMINITE R.L.
(Stopes-Heerlen System) T.L.
I — ORIGIN OF TERM

The term corpohuminite was introduced by the Nomenclature Sub-Committee in
1970 for a maceral of the huminite group (humocollinite subgroup), which consists of
cell fillings with the reflectance of huminite.

Etymology: corpus (Lat.) — body,
humus (Lat.) — soil, earth.
Synonym: melanoresinite

Analogous terms: phlobaphinitel 1
in part resinitel 13

II — DESCRIPTION
a) Morphography

Corgohuminites are in situ or isolated phlobaphenic cell excretions (= Phloba-
phxmte ) and secondary huminitic cell infillings, provided that the latter cannot be
classified with certainty as gelinite. Essentially as a cell infilling, corpohuminite has an
approximately sphencal elhftlcal rod- or plate-like form. Its dimensions are similar to
those of plant cells?8> 84, 112 pound forms often have diameters from 10—40 microns;
elongate forms may be 20—170 microns in length. The surface of corpohuminite is
smooth, porous, cavernous or shows cup-shaped, pitted depressions. The sculpturing of
corpohuminites derived from phlobaphene is due to plasmolytic dessication®4




Corpohuminite 2

Two maceral types can be distinguished:

1. phlobaphinite —  primary cell excretions which are derived from
tannins,
2. pseudo-phlobaphinite —  secondary cell infillings which originate in

humic colloids.

Allocation of individual corpohuminites to the maceral types is only possible if
consideration can also be given to the environment (see III below).

b) Physical Properties
Colour: Transmitted light — dark red to brown.
Reflected light (bright field, oil immersion) — medium gray to light gray.

Reflected light (dark field) — cherry red to red brown to black.

Reflected light (fluorescence — blue light) — no fluorescence2 84,

Refractive index: n = 1.64 — 184 (by Becke method).

Reflectance: the same or stronger than strongly reflecting humodetrinite> >
3 The following reflectances of corpohuminites from different occurrences of

" brown coals have been measured:

Locality and Formation %Rrand (oil)

Megalopolis (Greece) 0.38 (525nm)
(Older Pleistocene)

Ecséd (Hungary) 0.18 (547 nm)
(Pliocene)

Lower Rhine (German Federal Republic) 0.37-040 (525 nm)
(Lower Miocene)

Nordbohmen (Czechoslovakia)- 0.41-0.70 (525 nm)
(Miocene) (%=0.54)

Tatabfinya (Hungary) 0.57 (547 nm)
(Lower Eocene)
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Anisotropy: isotropic.
Density (pyknometer): in water (20°C) — l.27-?g/cm3 84
Hardness (Vickers): 60-80 kg/mm2.

¢) Chemical Constitution and Chemical Properties

Phlobaphenite is derived from polycondensed tannin products (phlobaphenes) and
reflects their composition

Analytical data: The elementary analys1884 of a corpohuminite from Perecesbinya,
Hungary is as follows:
% Atom %
Carbon 64.8 418
Hydrogen |- C+H+0 = 100 56 439
Oxygen 29.6 14.3

Ash of moisture-free corpohuminite — 3.1%

Solubility: Corpohuminite is insoluble in the usual polar and non-polar solvents. It is
also insoluble in warm alkaline solutions, but becomes darker to opaque.

Melting point: Corpohuminite, when heated to 360°C, does not soften. At approxi-
mately 230°C it becomes opaque

Il — BOTANICAL AFFINITIES AND GENESIS

Phlobaphinite originates from tannin-rich cell excretions, which have been deposited
in cortical cells and in parenchymatous or medullary-ray cells and especially in cork
tissues. Tannins are also present in lichens, algae, fun§1 and ferns. The gymnosperms and
angiosperms contain larger quantities of tannins! Phlobaphlmte occurs in fossil
conifers, for example in Podocarpoxylon and in the Taxodiaceae without resin ducts
(Taxodium, Glyptostrobus, Sequoia), and together with xanthoresmlte occurs also in the
conifers with resin ducts (Pinus, Larix, Picea, Pseudotsuga) 4,85 Remains of Taxodia-
ceae and Pinaceae, in which the tissues have already been destroyed, are distinguishable
from one anotheré4 because the remains of completely destroyed Taxodiacean tissues




Corpohuminite 4

yield pure accumulations of phlobaphinite, while the remains of totally destroyed
Pinacean tissues produce accumulations of phlobaphinite mixed with resinite. The
pseudo-phlobaphinite is derived from colloidal humic solutions.

IV . — ALTERATION DURING COALIFICATION

During coalification corpohuminite of Tertiary brown coals retains a relatively high
reflectance compared with other huminite macerals. In coals with less than 45 per cent
volatile-matter yield, only slight reflectance differences can be observed; these gradually
disappear with increasing coalification.

V - OCCURRENCE
Corpohuminite is found in most brown coals and peats. It occurs in larger quantities

in xylites from conifers (sometimes more than 10 gerl f%ntllljg volume). It is especially

abundant as cell infillings in cork and bark tissues® . Very frequently corpo-

huminite is found isolated in humodetrinitic groundmass, often concentrated where
phlobaphene-rich tissue has decomposed to humodetrinite or where resistant cell infillings
have concentrated.

Vi — PRACTICAL IMPORTANCE

a) Briquetting

With increasing concentration of corpohuminite, briquette strength is reduced,
although systematic investigations are lacking.

b) Low-temperature Carbonization

Apart from shrinkage, no changes are observed up to a temperature of 550°C. Phlo-
baphinite probably produces pyrocatechin and acid oils during low-temperature carboni-
zation.

¢) Bitumen Extraction

Corpohuminite yields no extract.
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Plate I

Fig. 1.

Typical, tabular-shaped phlobaphinite in cells of a cork bark
of a Miocene soft brown coal from the Lower Rhine district
(German Federal Republic);
reflected light, oil immersion, 300x.

Fig. 2.
Phlobaphinite in a coniferous wood tissue of a Miocene soft
brown coal from the Lower Rhine district (German Federal Republic),
reflected light, oil immersion, 250x.

Fig. 3.

Dense and coarsely porous corpohuminite in a cross-section
of a root of a Miocene soft brown coal from the Lower Rhine
district (German Federal Republic);
reflected light, oil immersion, 250x.

Fig. 4.
Phlobaphinite in coniferous wood of an Oligocene bright
brown coal from Hausham, Upper Bavaria (German Federal Republic);
reflected light, oil immersion, 470x.

Fig. 5.

Large and very small (upper left) corpohuminites in a bark
tissue of a Miocene soft brown coal from the Lower Rhine
district (German Federal Republic);
reflected light, oil immersion, 470x.

Fig. 6.
Phlobaphinite, in part porous and as thin cell-wall coatings
in coniferous wood (textinite A) of a Miocene soft brown
coal from the Lower Rhine district (German Federal Republic);
reflected light, oil immersion, 250x.

Fig. 7.

Isolated corpohuminite (phlobaphinite) of cork tissue in an
attrinitic groundmass of a Miocene soft brown coal from the
Lower Rhine district (German Federal Republic);
reflected light, oil immersion, 500x.
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Plate 11

Fig. 1.
Corpohumim’te in the tissue of a rootlet of a Pliocene

bright brown coal from Baccinello, Tuscany (Italy);
reflected light, oil immersion, 6 70x.

Fig. 2.

Accumulation of corphuminite: below-short and rectangular
and in part vesicular; above—long and tabular and in part
porous, in a Miocene soft brown coal from Bornhausen, Harz
(German Federal Republic);
reflected light, oil immersion, 500x.

Fig. 3.

Typical tabular-shaped phlobaphinite of a cork tissue: lower
right—finely porous, cell walls which are suberinized and very
dark in a Miocene soft brown coal from the Lower Rhine
district (German Federal Republic);
reflected light, oil immersion, 500x.
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CORRELATION OF THE HUMINITE MACERALS OF BROWN COALS WITH THE VITRINITE MACERALS OF HARD COALS

Brown Coal Hard Coal
Maceral | Maceral Maceral Maceral Type Maceral Maceral Type Maceral Maceral
Group Subgroup Variety Group
Textinite A (dark)
B (bright)
A
Humotelinite Texto-Ulminite
B
Ulminite Telinite 1
A
Eu-Ulminite Telinite
B
Telinite 2
£ Attrinite Vitrodetrinite|
g Humodetrinite =
£ Densinite i<
et Desmocollinite S
Detrogelinite
Levi-
Gelinite gelinite Telogelinite Telocollinite
Collinite
Eugelinite Gelocollinite
Humocollinite Porigelinite
Corpo- Phlobaphenite
huminite
Pseudo-Phlobaphenite Corpocollinite
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International Committee for Coal Petrology
1971 Nomenclature Sub-Committee Brown Coal
SUPPLEMENT CUTINITE R.L.
(Stopes-Heerlen System) T.L.
I — ORIGIN OF TERM
1

The term cutinite was introduced in 1935 by M. C. Stopes". It is used for a maceral
of the liptinite group, which mainly arises from the cuticles of leaves and stalks.

Etymology: kutos (Greek); cutis (Lat.) — skin.

I — DESCRIPTION
a) Morphography

Depending upon its origin from cuticles, in sections perpendicular to the bedding
cutinite has the form of smooth or one-sided serrated bands of varying thickness. The
more obliquely the cuticles are cut, the broader, and in any given instance, the more
serrated they appearl3’ 20, 1 . In horizontal sections the pattern of the underlying
epidermal cells can occasionally still be observed.

b) Physical Properties

Colour: Transmitted light — light-yellow to golden-yellowgo’ 114.

Reflected light (bright field, oil immersion) — black to dark gray spartly
with a reddish cast), sometimes with orange-coloured internal reflections” .

1. Stopes (M. C.). On the petrology of banded bimuminous coal. Fuel, 14, (1935), p.4—
13.
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Reflected light (dark field) — yellow wl , corresponding to the natural colour
of cutinite.

Reflected light (fluorescence) — with U.V. excitation greenish-yellow
(sometimes bluish); with blue-light excitation yellow (in soft brown coals) to
orange (in lignites). The fluorescence intensity decreases with rising rank,

Reflectance®®: %R (at 547Tnm) = 0.17—(0.30?)
%R 5, (at 547nm) = 5,60 ?

Refractive Index80. (calculated from reflectances measured in air and oil
= 1.60—? (547nm).

Anisotropy (transmitted light): Weak double refraction with whitish gray
first-order interference colours; optical character negative. Investigations on
small sections by Soos and Kubovics show complete extinction, but extensive
cutinite sections exhibit an undulose extinction due to curvature: in places a
form of aggregate polarization. Cuticles are pleochr01c90 112,1 14

Density: Still not measured; graphically determined by van Krevelen44 from
the hydrogen content — <1.10.

c¢) Chemical Properties and Constitution

Recent cuticles consist essentially of cutin, which is secreted externally by the
cellulose walls of the epidermis. In many cuticles a quite gradual transition from cellulose
into cutin can be observed. The substance of this transitional layer is termed cuto-
cellulose.

Cutinite (fossil cuticles) will probably only differ slightly in its chemical composition
from recent material”~ . Besides cutin it can still contain wax in brown coals.
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Analytical Data16’ 46, 56
Elementary Analysis

% Atom %
C 70.6-76.4 33.7-396
Hf C+H+0=100) 76-11.8 51.3-624
0 11.8-21.7 39— 9.1
N (daf) 0 —1.1
S (daf) 0 — 2.1

The hydrogen content amounts to >50 atom per cent up to the ‘coalification jump’.

Proximate Analysis

%
Ash 0.6-13.0(7)
Volatile matter (daf) ca. 80

For the chemical constitution of cutinites, especially their content of long-chain
hydroxy-acids, see Hunneman and Eglinton”.

Solubility: In benzene and alcohol insoluble or only slightly soluble. Chloroform and
alcohol extract a little wax from cutinite46.

Microchemical Behaviour: The microchemical methods of determination of cutin
used by botanists show positive results for cutinites of brown coals®3,
III — BOTANICAL AFFINITIES AND GENESIS

Cutinite consists of cuticles, which form protective layers of cormophyte epidermal

cells. Cuticles arise from leaves and stalks. Moreover, endodermal matter and embryo sacs
of seeds are involved in the initial materials of cutinite.
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IV — ALTERATION DURING COALIFICATION

In the high-rank bituminous coals (approximately 87—89% carbon) with increase of
rank cutinite pales in reflected light in the same way as resinite andl?orinite, matching

the vitrinite. In anthracites it can reflect more strongly than vitrini’tel .

V — OCCURRENCE

Cutinite is found sparingly or very sparingly in most brown coals. It occurs in larger
quantities in the so-called cuticle coals (‘Needle coals’, ‘Paper coals’, ‘Leaf coals’, ‘Poro-

9

dendron coalsz, in which the cutinite content can amount to approximately 20 per
cent by weight 6,91
VI — PRACTICAL IMPORTANCE

a) Briquetting

Systematic investigations are lacking. In small amounts cutinite probably has an
insignificant effect.

b) Low-temperature Carbonization

Analysis of a cutinite concentrate from Indiana ‘Paper coal’ gave5 6.
% daf
Tar 498-58.8
Low-temperature coke 22.0-26.5
Gast losses (by diff.) 14.7-28.0

Vacuum distillation of cutinite from the Moscow ‘Paper coal’ liberated 40 per cent
of distillate (daf) up to 3500¢%0.

c) High-temperature Carbonization (Bilkenroth-Rammler Continuous Process)

Since cutinite is hydrogen-rich, it yields only a little residual coke.
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d) Bitumen Extraction’

After exhaustive extraction of the Moscow ‘Paper coal’, cutinite liberated:

with chloroform —  1.5% wax extract,
with alcohol —  2.5% wax extract.

e) Oxidizability

Resistant to atmospheric oxidation. Oxidation products after treatment with nitric
acid or hydro§en peroxide are suberic acid and a mixture of azelaic acid and sebacic or
phellonic acid 6_Cutinite does not tend towards spontaneous combustion.

f) Combustion Behaviour

Determination of the calorific value of cutinite in the Indiana ‘Paper coal’ gave5 6:
Calorific value (H): 6300—7400 cal/g
7700-9300 cal/g (daf)

g) Seam Correlation: Stratigraphy

Cuticle analysis in combination with spore analysis may assist in the correlation of
coal seams*1> 91, Moreover, it plays an important role in answering facies and strati-
graphic lglslestions and in the reconstruction of plant communities of brown-coal

swamps” <.

Fig. 1.
Cutinite in a Miocene soft brown coal from the Lower Rhine district
(German Federal Republic);
reflected light, oil immersion, 200x.

Fig. 2. s
As Fig. 1., with blue-light fluorescence.



Fig. 3.
Cutinite in a Miocene soft brown coal from the Lower Rhine district
(German Federal Republic);
reflected light, oil immersion, 200x.

Fig. 4.
As Fig. 3, with blue-light fluorescence.

Fig 5.
Cutinite in a transverse section of a leaf in Miocene soft brown
coal from Bornhausen/Harz (German Federal Republic);
reflected light, oil immersion, 250x.

Fig. 6.
Cutinite in a transverse section of a twig in a Miocene soft
brown coal from Bornhausen{Harz (German Federal Republic);
reflected light, oil immersion, 250x.

Fig. 7.
Relatively bright cutinite in cuticle clarite of a Pliocene
lignite from Baccinello/Tuscany (Italy);
reflected light, oil immersion, 270x.

Cutinite 6
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International Committee for Coal Petrology
1971 Nomenclature Sub-Committee Brown Coal
SUPPLEMENT DENSINITE R.L.
(Stopes-Heerlen System) T.L.
I — ORIGIN OF TERM

The term densinite was introduced in 1970 by the Nomenclature Sub-Committee to
denote a maceral of the huminite group (subgroup — humodetrinite), which comprises
the finely detrital and, as a result of gelification, the more or less compressed humic
‘Groundmass’ of brown coals.

Etymology: densus (Lat.) — dense.
Synonyms and  translucent humic degradation matter! 17,
analogous gelified detrinite83 :
terms: in part:
detrinite37’ 109,
detritusl%,
humic detritus! 13 ,
detrital, attrital, herbaceous or humic groundmass24,
gelinito-posttelinite and gelinito-precollinite1 i
II — DESCRIPTION

a) Morphography

Densinite consists of fine (mostly «10 microns) detrital huminite particles of varying
shape and includes cell-wall debris (which can be >10 microns), as well as formless, dense
and almost homogeneous huminitic material. These different constituents are mainly
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densely packed and, as a result of the gelification process, are cemented together over
areas at least greater than 15 micronsz.. Densinite forms a matrix for the other brown-coal
macerals. It is the characteristic humodetrinitic maceral of hard brown coals.

b) Physical Properties
Colour: Transmitted light — bright red to red.
Reflected light (bright field, oil immersion) — more or less medium gray.

Reflected light (fluorescence) — none or only a very weak dark brown
fluorescence™".

Reflectance: The mean random reflectance varies over the ranges given
below (measured on European brown coals):-

Samples and Localities PR and %ﬁrand
(Range of (Mean)
Variation)
Soft brown coals:
Lower Rhine (German Federal Republic)
1. Ville block 0.30-0.44 0.37
2. Erft block 0.32-0.48 0.40
Dull brown coals:
Trimmelkam (Austria) 0.21-0.40 0.33
Handlova (Czechoslovakia) 0.29-043 0.36
Kamengrad (Yugoslavia) 0.23-0.53 0.36
Bright brown coals:
(desmocollinite)
Peissenberg (German Federal Republic) 0.21-0.40 0.44
Manosque (France) 0.41-0.60 0.51
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Anisotropy: In soft brown coals — isotropic; in hard brown coals — strain
anisotropyso. -

c) Chemical Constitution and Chemical Properties

Densinite consists of humic materials and possibly also lignin remains. The chemical
properties of densinite vary — they are dependent on the respective starting materials and
on the degree of gelification. Since pure densinite cannot be isolated, because of its
intimate mixing with other macerals, the following analytical data for an Eocene soft
brown coal from Central Europe (Ascherleben-Nachterstedt), containing more than 95
per cent of humodetrinite (dominantly densinite), can be taken as representative:

%
Moisture (as mined) 47.6
Ash (moisture-free) 4.0
Total humic acids (daf) 28.9*
Carbon (daf) 64.8
Hydrogen (daf) 49
Oxygen (daf) 289
Nitrogen (daf) 1.4

* after Souci daf — dry ash free

III — BOTANICAL AFFINITIES AND GENESIS

Densinite arises from the gelification of attrinite (for further information see
‘Attrinite’). The formless material represents flocculated, condensed humic gels.

IV — ALTERATION DURING COALIFICATION

See attrinite — densinite is the preliminary stage of desmocollinite.

V — OCCURRENCE

Densinite is one of the principal constituents of soft brown coals. It appears pre-
dominantly in hard brown coals. Its part in the composition of a brown coal is dependent
upon facies (see ‘Attrinite’).



Densinite 4

VI — PRACTICAL IMPORTANCE

a) Crushing Behaviour

Densinite possesses satisfactory crushing properties. It becomes concentrated in the
fine and medium particle sizes (< 4.0mm)~“,

b) Briquetting, Low-temperature and High-temperature Carbonisation (Brown
Coal (Bilkenroth-Rammler Continuous Process)

The suitability of densinite for beneficiation processes is due to gelification — rather
less good than that of attrinite of the same coal. Its suitability deteriorates still further
with increasing rank (cf. ‘Attrinite’)3 0,31, 34,68-70, 82, 103, 107

¢) Bitumen Extraction
Relatively poor in extractable bitumen! 10,

d) Oxidizability

Relatively easily oxidized.
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Fig. 1.
Densinite: particle to the left - humodetrinite cemented,
+ dense with associated attrinite;
particle to the right — humodetrinite, uncompacted and porous:
both particles in a Miocene soft brown coal from the Lower Rhine district
(German Federal Republic);
reflected light, oil immersion, 250x.

Fig. 2.

Spherical densinite patches ( coprolites), surrounded by wide
shrinkage cracks in an attrinitic groundmass of a Miocene soft
brown coal from the Lower Rhine district (German Federal Republic);
reflected light, oil immersion, 250x.

Fig. 3.
Predominantly densinite, in part also attrinite (e.g. centre),
in a Lower Tertiary soft brown coal from Mae Moh ( Thailand);
reflected light, oil immersion, 270x.

Fig. 4.

Typical densinite with inclusions of sclerotinite and liptinite
(e.g. below centre — sporinite) in a Miocene soft brown coal from
the Lower Rhine district (German Federal Republic);
reflected light, oil immersion, 350x.

Fig. 5.
Densinite and liptinite in a Miocene soft brown coal from
East Lausitz (German Democratic Republic);
reflected light, oil immersion, 500x.

Fig. 6.
Densinite and liptinite in a Miocene soft brown coal from
East Lausitz (German Democratic Republic);
reflected light, oil immersion, 500x.
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International Committee for Coal Petrology
1971 Nomenclature Sub-Committee Hard Coal

SUPPLEMENT FUSITE R.L.
(Stopes-Heerlen System)

I — ORIGIN OF TERM
The term fusite was used for the first time by R. Potonié1 in 1924, The Nomen-
clature Sub-Committee resolved in 1964 to use the term fusite to denote a monomaceral

microlithotype consisting of the maceral fusinite.

Analogous term: xylovitrain (Duparque).

I — DESCRIPTION

See fusinite.

Fusite must contain at least 95% of fusinite.

Two varieties of fusite can be distinguished, the friable soft fusite with empty cell
lumens and hard fusite in which the cell lumens are impregnated with mineral matter

(carbonates, sulphides, quartz, kaolinite and other clay minerals).

In quantitative microscopical analysis only lenses or layers exceeding 50 microns in
width are recorded as fusite.

The strength of soft fusite is always lower than that of vitrite. In contrast the
strength of hard fusite is clearly higher.

Il — OCCURRENCE

Fusite is widely distributed, but apart from a few exceptions, it generally occurs in
small amounts. It occurs in thin layers or in more or less thick lenses.

1. Potoni€ (R.). Einfilhrung in die allgemeine Kohlenpetrographie. Berlin, Verlag,
Borntraeger, (1924), p.34.
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IV — PRACTICAL IMPORTANCE
See fusinite.
Preparation
Soft fusite is concentrated in the finest particle sizes, because of its ready friability.

Hard fusite is concentrated over a range of particle sizes, depending on the size of
lenses or the width of layer.

Hard fusite occurs in the middlings or in the rock, after separation.



International Committee for Coal Petrology
1971 Nomenclature Sub-Committee Brown Coal
SUPPLEMENT GELINITE R. L.
(Stopes-Heerlen System) T.L.
I — ORIGIN OF TERM

The term gelinite was introduced by Szadeczky-Kardoss1 in 1948 for precipitated
humic gels and was adopted in 1970 by the Nomenclature Sub-Committee to denote a
maceral of the huminite group (subgroup—humocollinite), which consists of formless,
huminitic gels.

Etymology : gelu, us (Lat.) — frost, stiffening (of bodies due to age).
Synonyms gel(s)76’ 77,11 :
and brown-coal gel77,
analogous humus-gel7’ 26
terms: gel-dopplerite3 7 ,

dopplerinite™ *,

gel-dopplerinite3 7,

huminite” - °,

desminite”2 ,

120

gelinito-collinite” <,
peat and gelification-co]linitegz,
in part also collinite?.

I — DESCRIPTION
a) Morphography
Gelinites are predominantly precipitated humic gels without any definite form.

Under the term gelinite, only huminites, which are homogeneous without etching, are
recorded. According to its genesis, gelinite frequently reproduces the shape of spaces and

1 Szadeczky-Kardoss (E.). Uber Systematik und Umwandlungen der Kohlengemeng-
teile (Hungarian), Mitt. d. Berg — und Hittenmannischen Abt., Sopron, XVII,
(1948—49), p.176—193.
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cell lumens filled by it. Gelinitic particles, which are smaller than 10 microns in diameter,
are not recorded as gelinite (see humodetrinite). Depending on texture, two submacerals

can be differentiated83 :
(1) porigelinite — finely porous to microgranular in appearance,
(2) levigelinite — almost structureless and homogeneous, but sometimes with an

indistinct, streaky, cloudy appearance.

Secondary fillings of cell lumens (in situ or isolated), which cannot be distinguished
from phlobaphinite, are grouped together under the term corpohuminite. Levigelinites,
which are derived from humotelinite (telogelinite) and humodetrinite (detrogelinite) have
the form of their original materials (see under ‘Genesis’). The original structure (tissue,
detritus) of these levigelinites only becomes clearly visible after etching or in thin section.

Characteristic features of gelinite are a tendency to fissuring (shrinkage cracks due to
dessication) as well as sharp-edged, smooth grain boundaries and fissures in fragments.

b) Physical Properties
Colour: Transmitted light — yellow to reddish brown.

Reflected light (bright field, oil immersion) — porigelinite is light to medium
gray; levigelinite is very light gray to medium gray.

Reflected light (dark field) — black, seldom dark brown with faint reddish
cast.

Reflected light (fluorescence) — generally fluorescence-free>S

weak to very weak fluorescence.

, occasionally
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Reflectance: for gelinites of:

Central European soft brown coals — %R ;4 ca.0.25-0.50 (525nm)
Yugoslavian dull brown coals — %R ,pq @8- 0.23-0.53 (x=0.36)
(546nm)
Yugoslavian bright brown coals — %R 3pq ¢a-0.35-0.60 (x=0.50)
(546nm)

Anisotropy: None in reflected light; in transmitted light an occasional
strain anisotropy.

Density (pyknometer/alcohol): 1.26—1.45g/cm? (with 6—12% ash); average
— 1.33g/cm" referred to air-dried material (ca. 14% moisture)” "

Hardness (Vickers): H, = 20.2 — 22.7 kg/mm281 .

Remission: 1.8—3.5%; average — 2.7% (particles of 0.2mm diameter,
air-dried)®!.
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c) Chemical Constitution and Properties

Gelinites consist mainly of humic acids, their precursors and their salts. Their
chemistry is influenced by rank as well as by facies and the regional conditions prevailing
in the deposits.

Other relevant properties are given by the analyses of pure gelinites from central

European brown coals3 ,33,57,70,78, 81, 105.

Coals west of the Lausitz Lower Rhine
River Elbe (German (German Federal
Deposit [German Democratic |Democratic Republic)
Republic) Republic)
% Eocene Miocene Miocene
Water (as mined) 45 to 70
Ash (d) X3 to 12
Volatile matter (daf)r X-53.1 X—49.5 478-51.3
Carbon (daf) 66.8—69.6 (X—67.7)] 63.7 65.6—65.8 (X—65.7)
Hydrogen (daf) 42— 54(%— 4.8) 2 40- 43 (x— 4.1)
Oxygen (daf) 20.7-250(X-23.0)] 27.1 28.3-28.6 (X—28.4)
Nitrogen (daf) 0.7- 1.0(X— 0.8) 0.6 0.7- 1.0X- 0.8)
Sulphur (daf) 30— 6.2(X- 3.7) 34 06— 1.3(X- 0.9)
Bitumen (daf)+ 45 38
Humic acids” 82.2-979 61.3-94.2
Humus acids'™ 91.5 nd.
Humins 1.2 nd.

d = dry; daf = dry ash free; nd = not determined
Soxhlet, benzene : alcohol = 1:1

= method of Souci

Il — BOTANICAL AFFINITIES AND GENESIS

Gelinites form both syngenetically and epigenetically. They are flocculation products
from pure or colloidal humic solutions”“ (eugelinite), or completely gelified plant
residues in which original structure cannot be seen by reflected light under oil immersion
(detrogelinite, telogelinite).
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IV — ALTERATION DURING COALIFICATION

In the hard brown-coal stage, gelinite, together with humodetrinite and a part of
humotelinite, passes into collinite. Its reflectance increases, the weak -fluorescence dis-
appears and an increasing amount of strain anisotropy develops.

V — OCCURRENCE

Eugelinite occurs in varying amounts in all brown coals as a filling of shrinkage cracks
and root ducts, as well as a cleat filling in associated rocks. Telogelinite and detrogelinite
are rare in soft brown coals.

Concentrations of gelinites are facies-dependent. They occur particularly in brown
coals deposited under limnotelmatic conditions’* and in combination with tree
stumps1 13. Secondary enrichment is found above argillaceous seam floors or above clay
bands in seams. ‘Salt coals’ (‘Salzkohlen’ — coals with unusually high contents of sodium
chloride) also contain much gelinite. In outcrops that have dried-out enrichment of
gelinite through the influence of weathering can occur.

VI — PRACTICAL IMPORTANCE (Soft Brown Coals)

a) Crushing Behaviour

Gelinite (especially eugelinite) becomes concentrated during mechanical preparation
processes in the fines (0—2mm).

b) Briquetting

The properties of gelinite — low pressure-plasticity, high friability, the almost smooth
character of its particle surfaces, its typical behaviour on drying and its tendency to
internal and external fissuring — cause a weakening of the structural binding of briquettes
which leads to breakage into pieces.
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c) Low-temperature and High-temperature Carbonization (Bilkenroth-Rammler
Continuous Process)

Since gelinite shrinks strongly during coking, it causes severe reduction in the

mechanical strength of the coke. The pattern of structural damage caused by the gelinite

in briquettes is further accentuated in the coke structure (literature for VIa — c: 0,31,
32, 34,67-70,77, 82,103, 106).

d) Behaviour on Weathering

Because of its tendency to lose moisture, gelinite has little resistance against atmos-
pheric attack. On drying it decomposes very rapidly into a fine debris. Its characteristic
macropetrographic characters, such as lustre, brittleness and deep colour (pitch— black)
are intensified.

e) Calorific Value and Combustion Behaviour

The calorific values of gelinites generally lie below the average for the whole
deposit8l. The following values are typical for Central European soft brown coals.

Gross Calorific Net Calorific
Value (H,) Value (H,)
kcal/kg kcal/kg (da
Lower Tertiary coals ca. 6250 (average) | ca. 5980 (average)
Upper Tertiary coals ca. 5860 (average) | ca. 5560 (average)

S’
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Fig. 1.

Porigelinite, filling cell lumens, with textinite (cell walls) and
corpohuminite (dense cell filling, left) in a Miocene soft brown coal
from the Lower Rhine district (German Federal Republic);
reflected light, oil immersion, 500x.

Fig. 2.
Porigelinite associated with attrinite (above left) in a Miocene
soft brown coal from East Lausitz (German Democratic Republic);
reflected light, oil immersion, 500x.

_ Fig. 3.
Porigelinite in cell lumens of fusite in a Miocene soft brown coal
from the Lower Rhine district (German Federal Republic);
reflected light, oil immersion, 250x.

Fig. 4.

Porigelinite ( below), levigelinite (eugelinite) (above) with typical
dessication cracks and texto-ulminite (above) in a Miocene soft brown
coal from the Lower Rhine district (German Federal Republic);
reflected light, oil immersion, 600x.

Fig. 5.
Levigelinite with dessication cracks ( below right) and inclusions
of intertodetrinite in a Miocene soft brown coal from the Lower Rhine
district (German Federal Republic);
reflected light, oil immersion, 250x.

Fig. 6.
Levigelinite with wide dessication cracks between textinite from
roots (above and right) in a Miocene soft brown coal from the Lower
‘ Rhine district (German Federal Republic);
reflected light, oil immersion, 250x.

Fig. 7.
Levigelinite (telogelinite) associated with ulminite A with corpo-
huminites {centre) in an Upper Tertiary coal from Mae Moh (Thailand);
reflected light, oil immersion, 270x.

Fig. 8.
Levigelinite with numerous dessication cracks in a Miocene soft brown
coal from the Lower Rhine district (German Federal Republic);
reflected light, oil immersion, 250x.
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International Committee for Coal Petrology
1971 Nomenclature Sub-Committee Brown Coal
SUPPLEMENT HUMINITE R.L.
(Stopes-Heerlen System) T.L.
I — ORIGIN OF TERM

The term huminite was first used by Szadeczy-Kardossl for a petrographic
constituent of brown coals. The Nomenclature Sub-Committee has used the term
huminite for a maceral group of brown coals since 1970.

Etymology: humus (Lat.) — soil, earth.

Analogous term: gelinite1 18, 120.

I — DEFINITION AND DESCRIPTION

Huminite denotes a maceral group of brown coals which is subdivided into maceral
subgroups, depending on the state of preservation of the plant material, and into macerals
and submacerals on the basis of degree of gelification or, alternatively, on form and
origin.

Huminite consists of humic materials, which essentially arise from lignin and cellu-
lose. Usually only the submaceral phlobaphinite is a catechol-tannin derivative. Huminite
(in contrast to the two other maceral groups of brown coals, liptinite and inertinite) is
generally distinguished by:— average reflectance in reflected light, a brownish yellow
to reddish brown colour in transmitted light, a relatively high oxygen content, a tendency
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Maceral Maceral Maceral Submaceral
Group Subgroup
Textinite
Humotelinite Texto-Ulminite
Ulminite
Eu-Ulminite
@ Attrinite
fé Humodetrinite
§ Densinite
u
Porigelinite
Gelinite
Levigelinite
Humocollinite
Phlobaphinite
Corpohuminite
Pseudophlobaphinite

to gelification (vitrinization) already in the peat and soft brown-coal stage and a capacity
to briquette satisfactorily in an ungelified or non-collinitic condition. For further
properties and practical importance — see sheets dealing with the individual huminite
macerals.

Huminite is a precursor of the vitrinite of hard coals (cf. correlation table: ‘Huminite-
Vitrinite’ accompanying ‘General Notes — Brown Coal’).



International Committee for Coal Petrology
1971 Nomenclature Sub-Committee Brown Coal
SUPPLEMENT HUMOCOLLINITE R. L.
(Stopes-Heerlen System) T.L.
I — ORIGIN OF TERM

The term homocollinite was introduced by the Nomenclature Sub-Committee in 1970 for
a subgroup of huminite.

Etymology: humus (Lat.) — earth,
kolla (Greek) — glue.
Synonyms: gels-,{ ! 13,
gelinite49’ 60, 83 -
dopplerinite group” ' .
ep 12§ ?

Analogous terms: §vitrinite' ~>
gelinito-collinite + semigelinito- collinite

118,120
in part desminite”>,

I — DEFINITION

Humocollinite is a maceral subgroup of huminite which consists of an amorphous
humic gel or of intensely gelified plant tissues and humic detritus. An exception is the
submaceral phlobaphinite which represents one of the cell excretions formed by plants.
In reflected light under oil immersion humocollinite always appears homogeneous and it
often occupies former cavities (slits, pores, cell lumens). Humocollinite is a precursor of
collinite, especially of gelocollinite and corpocollinite of hard coals. It is subdivided into
the macerals gelinite and corpohuminite (see thesc terms for further properties); see also
the correlation table ‘Huminite—Vitrinite’, accompanying ‘General Notes — Brown
Coal’.



International Committee for Coal Petrology
1971 Nomenclature Sub-Committee Brown Coal
SUPPLEMENT HUMODETRINITE R.L.
(Stopes-Heerlen System) T.L.
I — ORIGIN OF TERM

The term humodetrinite was introduced by the Nomenclature Sub-Committee in
1970 for a subgroup of huminite.

Etymology: humus (Lat.) — soil,
detritus (Lat.) — worn away, disintegrated material.
Synonyms and: herbaceous groundmass’ ‘|
analogous humic detritusl 13 .
terms: detrinite group37,
translucent humic degradation matter ! 17,
attrite + desrnite124,
gelinito-posttelinite + gelinito-
precollinite + semigelinito-posttelinite +
semigelinito-precollinite1 18, 120,
in part desminite + attrinite>>.

I — DEFINITION

Humodetrinite is a maceral subgroup of huminite which consists of the finest humic
fragments (mostly €10 microns) intermixed with finely distributed humic gels. Humo-
detrinite is generally a precursor of desmocollinite and partly also of vitrodetrinite
of hard coals. Depending upon its degree of gelification, it is subdivided into the macerals
attrinite and densinite (see these terms for further properties); see also the correlation
table ‘Huminite—Vitrinite’, accompanying ‘General Notes — Brown Coal’.




International Committee for Coal Petrology
1971 Nomenclature Sub-Committee Brown Coal
SUPPLEMENT HUMOTELINITE R. L.
(Stopes-Heerlen System) T. L.
I — ORIGIN OF TERM

The term humotelinite was introduced by the Nomenclature Sub-Committee in
1970 for a subgroup of huminite.

Etymology: humus (Lat.) — soil.
tela (Lat.) — tissue.
Synonymsand humic plant tissuel 13,

analogous humoph te108,

terms: xylinite 12,
xylinite %rgup”’ 49,
textinite™ ",

xylinite + xylinite123 :

gelinito-telinite + semigelinito - telinite

118,120
in part vitrinite + xylinitesg.

I — DEFINITION

Humotelinite is a maceral subgroup of huminite which consists of intact cell walls of
tissue or isolated single cells in a humic state of preservation. Humotelinite is a precursor
of telinite and of telecollinite of hard coals. Depending on its degree of gelification, it is
subdivided into the macerals textinite and ulminite (see these terms for further proper-
ties); see also the correlation table ‘Huminite — Vitrinite’, accompanying ‘General Notes
— Brown Coal’.




International Committee for Coal Petrology
1971 Nomenclature Sub-Committee

SUPPLEMENT INERTITE R. L.
(Stopes-Heerlen System)

I — ORIGIN OF TERM
The term inertite was introduced in 1955 by V. Hevia Rodriguezl. In 1964 the

Nomenclature Sub-Committee resolved to use this term to designate a microlithotype
group.

ILIILIV  — DESCRIPTION, OCCURRENCE AND PRACTICAL IMPORTANCE

See microite, macroite, semifusite, sclerotite, fusite, inertodetrite.

1  Hevia Rodriguez (V.). Memoria del XXVIII Congreso Internacional de Quimica
Industrial. Madrid, 23-31, Oct. (1955), Vol. 1, p.469—-472.



International Committee for Coal Petrology
1971 Nomenclature Sub-Committee Hard Coal

SUPPLEMENT INERTODETRINITE R.L.
(Stopes-Heerlen System)

I — ORIGIN OF TERM

The term inertodetrinite was first introduced in 1964 by the Nomenclature Sub-
Committee.

Etymology: inertis (Lat.) — inert,
detritus (Lat.) — worn away.
Analogous terms: in part opaque attritus (TBM),
in part fusinite fragments,
in part massive micrinite.

II — DESCRIPTION

a) Morphography

All particles in coal, which display a higher reflectance than the corresponding vitri-
nite and which cannot be classified as micrinite, macrinite, semifusinite or sclerotinite, are
grouped under the term inertodetrinite. Inertodetrinite shows no cell structure (one
completely preserved cell is accepted as cell structure), but displays a well-defined,
multi-sided and angular outline. The size of inertodetrinite particles varies considerably,
but extends in general from below 2 to 20 microns.

b) Physical Properties

Colour: Transmitted light — predominantly opaque, only showing a dark
red to brown in very thin sections.

Reflected light — light gray to white.

Reflectance: always higher than that of the corresponding vitrinite*.

= Inertodetrinite can be differentiated from semi-inertodetrinite on the basis of
reflectance.
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Density: varies between 1.40 and 1.55 g/ cm3.

Relief: strong, especially if it is associated with vitrinite.

I — OCCURRENCE

Abundant in trimacerite, vitrinertite and durite. Inertodetrinite is especially abund-
ant in Gondwana coals. It is a typical constituent of these coals.

IV — PRACTICAL IMPORTANCE

See inertinite or semifusinite, fusinite, sclerotinite, micrinite and macrinite. A precise
statement about the technological behaviour of inertodetrinite cannot be made at
present. Observations and investigations up to now indicate the following properties:

a) Preparation

Inertodetrinite increases the strength of microlithotypes and reduces fissuring.
b) Carbonization

Inertodetrinite acts as an inert material in the range of coking coals.

c) Hydrogenation

Because of its low hydrogen content, inertodetrinite does not hydrogenate.

d) Oxidizability

Not readily oxidizable (more difficult than vitrinite).

Fig. 1.
Inertodetrinite in trimacerite from a Carboniferous bituminous
coal from the Ruhr;
reflected light, oil, immersion, 350x.

Fig. 2.
Inertodetrinite in a trimacerite from a South African Gondwana coal;
reflected light, oil immersion, 350x.
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International Committee for Coal Petrology
1971 Nomenclature Sub-Committee Brown Coal
SUPPLEMENT INERTODETRINITE R. L.
(Stopes-Heerlen System) T.L.
I — ORIGIN OF TERM

The term inertodetrinite was introduced in the literature in 1966 by E. Stach and
B. Alpernl and was adopted by analogy with the terms humo-(vitro-)detrinite and lipto-
detrinite by the Nomenclature Sub-Committee for a finely detrital maceral of the
inertinite group.

Etymology: inertis (Lat.) — inert,
detritus (Lat.) — worn away.
Analogous terms: in part massive micrinite,
in part fusinite fragments.

Il — DESCRIPTION
a) Morphography

Inertodetrinite is a collective term for constituents of the inertinite group, which, on
account of their finely detrital condition and/or small particle size, can no longer be
assigned with certainty to one or other macerals of the inertinite group (fusinite, semi-
fusinite, sclerotinite, macrinite). Inertodetrinite consists of small fragments and fine
particles (approximately 2-20 microns in size) of varying, often splintery or angular form,
for example, cell-wall fragments of fusinite, semifusinite and sclerotinite. Intact single
cells with the reflectance of inertinite are not recorded as inertodetrinite.

1. Stach (E.) and Alpern (B.). Inertodetrinite, Macrinite and Micrinite. Fortschr. Geol.
Rheinld. u. Westf., 13, 2, (1966), p. 969—-980.
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b) Physical Properties

Colour: Transmitted light — brown to dark brown to black.

Reflected light (bright field, oil immersion) — light gray to white, rarely a
yellowish cast.

Reflected light (fluorescence) — no fluorescence.

Reflectance: clearly stronger than the corresponding huminite, but varying
like the reflectance of other inertinite macerals; Roil generally > 0.5%.

Polishing hardness: higher than the huminitic constituents.

¢) Chemical Constitution and Chemical Properties

Compared with macerals of the huminite group, a relatively high carbon content and
a low content of hydrogen and volatile matter are characteristic for inertodetrinite.
However, the chemical properties vary depending on origin and reflectance.
III — BOTANICAL AFFINITIES AND GENESIS

Inertodetrinite originates from different plant materials by different processes before
and during peat accumulation; for example, through charring by the burning of wood or

093,97, 113,115

peat, by fungal attack and by strong oxidation .
IV — ALTERATION DURING COALIFICATION

Inertodetrinite only alters slightly during coalification; reflectance increases
gradually.

V -~ OCCURRENCE

Compared with Palaeozoic hard coals, inertodetrinite is relatively rare in European
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and Australian soft brown coals of Tertiary age. Up to a certain level of rank it is found
concentrated — predominantly in a splintery form — in sub-aquatic deposits and in pale
layers of certain lignites which are suitable for low-temperature carbonization! 13,

VI — PRACTICAL IMPORTANCE

Inertodetrinite behaves technologically in a similar manner to other macerals of the
intertinite group. Its small particle size and its generally fine distribution may, however,
produce certain changes. Thus, for example, during briquetting inertodetrinite does not
modify the briquette strength, while coarse fusinite will cause formation of fissures.

Fig. 1.
Inertodetrinite (fusinite fragments) in a clay-coal groundmass
of a Pliocene brown coal from Dettingen/Main (German Federal Republic),
reflected light, oil immersion, 540x.

Fig. 2.
Inertodetrinite in trimacerite of an Eocene lignite from
Makarwal (Pakistan),
reflected light, oil immersion, 250x.

Fig. 3.
Inertodetrinite in a Miocene soft brown coal from the Lower
Rhine district (German Federal Republic),
reflected light, oil immersion, 250x.

Fig 4.
Inertodetrinite in durite of a Jurassic hard coal (gas coal)
from Karmozd-Zirab (Iran),
reflected light, oil immersion, 270x.

Fig. 5.
Inertodetrinite in durite of a Jurassic hard coal (gas coal)
from Karmozd-Zirab (Iran),
reflected light, oil immersion, 270x.
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SUPPLEMENT INERTODETRITE R.L.
(Stopes-Heerlen System)

I — ORIGIN OF TERM

The term inertodetrite was introduced by the Nomenclature Sub-Committee in 1966
to designate a microlithotype which consists of inertodetrinite.
I — DESCRIPTION

Inertodetrite must contain at least 95% of inertodetrinite.

In petrographic analysis only inertodetrite layers with a width greater than 50
microns are recorded separately.

The strength of inertodetrite is not accurately known. It must lie in the same range as
that of semifusite, fusite, sclerotite and macroite.

Inertodetrite may contain mineral impurities in varying quantities, especially clay
minerals.

Ml — OCCURRENCE

Inertodetrite may occur in all hard coals. It is especially important in Gondwana
coals and in certain Permo-Carboniferous coals of the U.S.S.R.

IV — PRACTICAL IMPORTANCE

See semifusite, fusite, sclerotite, macroite.
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SUPPLEMENT LIPTODETRINITE R.L.
(Stopes-Heerlen System) T. L.
I — ORIGIN OF TERM

The term liptodetrinite was introduced by analogy with the terms humo- (vitro-)
detrinite and inertodetrinite by the Nomenclature Sub-Committee in 1970 for a maceral
of the liptinite group consisting of extremely small particles.

Etymology: leiptos (Greek) — left behind, remaining,
detritus (Lat.) — worn away.
Analogous terms: in part formless bitumen! 13,

I1 — DESCRIPTION
a) Morphography

Liptodetrinite is a collective term for constituents of the liptinite group which,
because of their finely detrital condition and/or small particle size, can no longer be
assigned with certainty to one of the other macerals of the liptinite group. Liptodetrinite
may consist of fragments or relicts of sporinite, cutinite, resinite, suberinite or alginite.
Moreover, fluorescing constituents of a few microns size, unknown origin and varying
form — rodlets, sharp-edged splinters, threadlike and rounded particles, the latter often
only of 2-3 microns diameter, belong to liptodetrinite. The size and form of lipto-
detrinite particles on polished sections of soft brown coals can generally only be distin-
guished under the luminescence microscope.

b) Physical Properties

The optical properties of liptodetrinite vary in a similar way to those of other
macerals of the liptinite group. The relatively low reflectance and fluorescence are charac-
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teristic. Without high magnification (500x) and particularly without luminescence illumi-
nation, liptodetrinite in soft brown coals cannot be distinguished as such (or only rarely),
since it hardly differs on polished surfaces under oil immersion from pores of the attrini-
tic groundmass. It can be more easily recognized in densinite. Particularly in the liptinite-
rich yellow and light brown lithotypes of soft brown coals [e.g. ‘pale bands’ (‘helle
Binder’) of Eocene coals of central Europe], a distinction between individual lipto-
detrinite particles in reflected light is impossible without luminescence microscopy.

It should be noted that the light brown, fluorescing and granular-streaky ‘ground-
mass’ of very pale, soft brown-coal lithotypes (for which the term ‘bituminite’ is
proposed) is not recorded as liptodetrinite.

Colour: transmitted light — white, yellow, reddish-yellow.

Reflected light (bright field, oil immersion) — black, dark gray or dark
brown; in denser layers brown or reddish internal reflections.

Reflected light (fluorescence) — & strong luminescence with different
colours: greenish yellow, citron yellow, yellow, orange and very light brown,
depending on the original material, facies, degree of diagenesis and the direction
of the section.

Reflectance: mostly lower than huminite, but fluctuating depending on
origin (see sporinite, cutinite, resinite, alginite).

Polishing hardness: mostly greater than huminite.
¢) Chemical Constitution and Chemical Properties
Still not investigated (however, compare sporinite, cutinite, resinite, suberinite,

alginite). Characteristically must have a relatively high content of hydrogen and volatile
matter.
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Il — BOTANICAL AFFINITIES AND GENESIS

Part of liptodetrinite consists of spores, pollen, cuticles, resins, waxes, cutinized and
suberinized call wells, and particularly algae, which have been mechatically disintegrated
or fractionated through chemical-microbiological decomposition. Thread-like particles
may be suberinized cell-wall shreds, which can be related to the fine rodlets of former
wax rodlets of fruits or leaves.

IV — ALTERATION DURING COALIFICATION

Liptodetrinite alters relatively little during the brown-coal stage and in low-rank hard
coals. Its reflectance first rises more strongly in the medium-rank bituminous coals, until
in the high-rank bituminous coals, it reaches the same value as the vitrinite in the same
coal. Beyond this level of rank liptodetrinite can no longer be distinguished.

V — OCCURRENCE

Liptodetrinite is usually abundant when other macerals of the liptinite group are
strongly represented. In soft-brown coals, which are used for low-temperature carboniza-
tion and for bitumen extraction, and particularly in the yellow to light brown lithotypes
of Eocene coals of Europe, liptodetrinite is especially strongly concentrated and some-
times forms the dominant constituent.

VI — PRACTICAL IMPORTANCE

The technological properties of pure liptodetrinite have not been investigated and
can hardly be determined, because of the difficulties of isolation. It can be inferred from
the behaviour of liptodetrinite-rich lithotypes of brown coal that high yields of tar
obtained during low-temperature coking are typical of liptodetrinite. In extrusion
briquetting presses, liptodetrinitic-rich brown coals tend to shear, but it is not certain
whether this is because of their ‘bituminite’ content or because of their content of
liptodetrinite70. The possibility of hydrogenating liptodetrinite is probably excellent;
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in contrast its sensitivity to oxidation is very low. Coal strength is most probably
increased by the presence of liptodetrinite. Furthermore, liptodetrinite should behave
technologically in a similar manner to other macerals of the liptinite group (see sporinite,
cutinite, resinite, suberinite, alginite).

Fig. 1,
Liptodetrinite (black) in a densinite groundmass of a Miocene
soft-brown coal from the Lower Rhine district (German Federal Republic);
reflected light, oil immersion, 200x.

Fig. 2.
As Fig. 1, with blue-light fluorescence.

Fig. 3.
Quite densely packed liptodetrinite particles in clarite of
a Jurassic hard coal (flame coal) from Karmozd-Zirab (Iran) —
resinite lenses in the centre;
reflected light, oil immersion, 270x.

Fig. 4.

Eocene ‘Schwelkohle’ (lignite suitable for low-temperature
carbonization) from Oberroblingen (German Democratic Republic)
with numerous internal reflections, but without visible maceral forms;
reflected light, oil immersion, 600x.

Fig. 5.
As Fig, 4, with blue-light fluarescence; pollen and
numerous liptodetrinite particles visible.

Fig. 6.
Liptodetrinite in clarite of a Jurassic hard coal (gas-flame coal)
from Karmozd-Zirab (Iran);
reflected light, oil immersion, 270x.

Fig. 7.
Liptodetrinite in clarite of a Jurassic hard coal (flame coal)
from Karmozd-Zirab (Iran);
reflected light, oil immersion, 540x.
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SUPPLEMENT MACERAL R.L.
(Stopes-Heerlen System) T.L.

The term was introduced by M. C. Stopes1 in 1935.

Etymology: macerare (Lat.) — to dissolve, soften, digest.

Synonymsand  Gefligebestandteile, Gemengteile.

analogous terms: constituent (Thiessen, Parks and O’Donnell),
component (Thiessen).

I — DEFINITION

Coal macerals evolve from the different organs or tissues of the initial coal-forming
plant materials during the course of the first stage of carbonification (loc. cit.). However,
because of variable but severe alteration, it is not always possible to recognize the starting
materials. Macerals are the microscopically recognizable individual constituents of coal
and, depending on their quantitative participation and their associations, they control the
chemical, physical and technological properties of a coal of given rank.

In a sense the macerals may be likened to the minerals of rocks.
All macerals have the suffix ‘-inite’.

Tables 1 and 2 give a summary of the maceral classification that is current for brown
coals and hard coals.

1. Stopes (M. C.)). On the petrology of banded bituminous coal. Fuel, 14, (1935),
p.4-13.
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II. — GENERAL CHARACTERISTICS

1. The chemical, physical and technological properties of the macerals vary con-
tinuously with increasing rank, but at differing rates.

2. In contrast to minerals, macerals of a given rank are not homogeneous materials,
but a mixture of possibly several similar compounds whose exact chemical constitutions
are at present unknown.

3. Macerals may also display variability in their physical properties.

4. Macerals do not contain any mineral substances which can be resolved with the
light microscope. They do contain, however, inorganic impurities which cannot be
detected with the light microscope, either minerals of sub-microscopic size or organo-
metallic complexes (trace elements). The quantity of inorganic impurities in brown-coal
macerals may amount to several per cent (e.g. calcium humate), but in the hard-coal
macerals, the impurities are generally no more than a few tenths of a per cent.

Minerals, however finely di<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>