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Including text on alginite by Cook, A.C. Bituminite based on text by
Teichmdiller, M.

1. Introduction

At low and medium rank? or thermal maturity, liptinite macerals
have a reflectance much lower than that of vitrinite and typically
show autofluorescence when illuminated with ultra-violet, violet or
blue light. Liptinite reflectance increases with increasing rank. This in-
crease at first lags behind the rate of increase in vitrinite reflectance
but in the medium volatile bituminous rank range, liptinite reflectance
converges rapidly with that of vitrinite; these differences in progress
of change being the result of the different chemical evolution of vitrinite
and liptinite through maturation. Liptinite fluorescence intensity de-
creases with increasing rank and shows a shift to the red part of the
light spectrum. At, or before, the convergence of reflectance with that
of vitrinite, fluorescence becomes extinct with normal excitation and re-
cording/viewing methods.

Sometimes at higher ranks, liptinite maximum reflectance can be
seen to be greater than that of vitrinite and in these samples the two
maceral groups can be distinguished. Commonly, however, because of
the convergence of reflectance and the loss of fluorescence from
liptinite, it cannot be distinguished in coals of a rank higher than that
equal to a vitrinite reflectance of about 1.3% R.. However, within some
samples at higher ranks, liptinite macerals maybe apparent by their
morphology but are classified as inertinite on the basis of their reflec-
tance being higher than that of vitrinite.

In contrast to the previous ICCP Stopes Heerlen classification (ICCP,
1963, 1971, 1975, 1993) this new classification system, ICCP System
1994 (ICCP 1998, 2001, Sykorova et al., 2005 and this paper is applicable
to coal of all ranks and dispersed organic matter (DOM).

2. Liptinite
2.1. Origin of term

The term was introduced by Ammosov (1956).

2.2. Etymology

Leiptos (Greek); to leave behind, to remain

2.3. Related terms

Exinite (Stopes, 1935)

2.4. Definition

Liptinite is a group of macerals derived from non humifiable plant
matter (Taylor et al., 1998), relatively hydrogen rich remains such as
sporopollenin, resins, waxes and fats and comprise the macerals of the
lowest reflectance at a given rank among the other macerals.

24.1. Comment

Liptinite is distinguished from other macerals by its lower reflec-
tance; fluorescence properties have become an important secondary
distinguishing feature. Liptinite macerals have a low reflectance and
high hydrogen content until their properties converge with those of

2 Note: Rank categories are used as they appeared to be most appropriate in the rele-
vant context. Rank categories have been classified in ISO 11760 (2005) as ‘Low Rank’, Me-
dium Rank’ and High Rank” with subcategories A, B, C (and an additional D for Medium
Rank coal) with A always representing the highest rank in the category. Soft Brown Coal
is equal to Low-Rank C, Brown Coal equal to Low-Rank C and B, Sub-bituminous Coal to Me-
dium rank D.

vitrinite at about 1.3-1.4% R, depending on the characteristics of the
coals.
The macerals of the liptinite group in the ICCP System 1994 are:

cutinite

suberinite
sporinite
resinite
exsudatinite
chlorophyllinite
alginite
liptodetrinite
bituminite

24.2. Note

Maceral varieties, like tel- and lamalginite as varieties of alginite or
fluorinite as a variety of resinite and any number of varieties, are possi-
ble in the ICCP System 1994. In other words the System is open to sub-
divisions (to the right).

2.5. Physical properties

2.5.1. Colour and reflectance

Liptinite is dark gray to black in reflected white light. The reflectance
increases with increasing rank/thermal maturity and reaches that of
vitrinite at a corresponding VR of about 1.3%. In transmitted light the
colour of liptinite varies with rank, being orange yellow in coals with
>35% volatile matter yield (V.M.), and brownish red in those with 20—
35% V.M.

2.5.2. Fluorescence

Fluorescence colours range from greenish-yellow (U.V. excitation)
or yellow (blue-light excitation) at low rank to orange (at higher
rank). The fluorescence intensity decreases with increasing rank where-
as the colour shifts to longer wavelengths.

2.6. Chemical properties

See constituent macerals. All liptinite macerals contain relatively high
percentages of aliphatic substances (Guo and Bustin, 1998). Within the
liptinite group the ratio of aliphatic to aromatic components is the highest
in alginite, followed by bituminite, resinite, cutinite and sporinite.

2.7. Derivation

See constituent macerals.
2.8. Occurrence

See constituent macerals.
2.9. Practical importance

In coal preparation, in coal with 18-25% V.M. liptinite is more resil-
ient than vitrinite; in coals with>25% V.M. it has even greater resilience.
Liptinite therefore increases the strength of bands and coal particles
larger than 1 mm (ICCP, 1963). In coking, liptinite is the material from
which the highest yields of by-products are derived including volatile
matter (V.M.). In petroleum source rocks, hydrogen rich liptinite is con-
sidered a prime source for liquid petroleum. It is of some significance for
petroleum generation that the onset of hydrocarbon generation from
liptinites varies for different liptinite macerals and begins at different
thermal maturities. Suberinite, bituminite and terpene resinite for ex-
ample often generated petroleum at a lower rank (at about 0.4% R;),
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whereas cutinite and alginite exhibit their peak generation at about 0.7—
0.8% R; (Khorasani and Murchison, 1988; Wan Hasiah, 2003).

Liptinite oxidizes less readily than vitrinite in coals with >25% V.M.
and has no particular tendency to spontaneous combustion (ICCP,
1963). For stratigraphic applications see Sporinite and Cutinite. Liptinite
in dispersed organic matter (DOM) and in coal is frequently used to
characterize the depositional environment (Tyson, 1995).

3. Cutinite (see Figs. 1, 2, 3)
3.1. Origin of term

The term cutinite was introduced by Stopes (1935).
3.2. Etymology

Kytos (Greek); cutis (Latin) - skin
3.3. Related terms

Barkinite (Zhong and Smyth, 1997; Wang et al., 2014)
3.4. Definition

The term cutinite refers to a fossil organic constituent formed from
cuticles of leaves and stems.

3.4.1. Comment

Perpendicular to stratification, cuticles appear in the form of more or
less narrow bands, one edge of which may be serrated; in other planes
of section cuticles may sometimes be confused with macrospores.

3.4.2. Note

Depending upon the origin of the cuticles, in sections at right angles
to the bedding cutinite has the form of single 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 appear.
In horizontal sections the pattern of the underlying epidermal cells
can still occasionally be observed.

3.5. Physical properties

3.5.1. Colour and reflectance

At low rank cutinite is dark gray to black in reflected white light
(slightly lighter than the corresponding sporinite) in part with reddish
cast and sometimes with orange coloured internal reflections.

Fig. 1. Cutinite and chlorophyllinite in sub-bituminous coal from Mequinenza (NE Spain),
Oligocene (blue light excitation).
(Photomicrograph W. Pickel)

Fig. 2. Cutinite in Saar Coal, Germany. Width of field approx. 200 pm.
(Photomicrograph W. Pickel)

In transmitted light the colour of cutinite varies with rank, being or-
ange yellow in coals with >35% V.M., and brownish red in those with
20-35%.

3.5.2. Fluorescence

Fluorescence colours range from greenish-yellow (sometimes bluish
under U.V. excitation) or yellow (blue-light excitation) (in soft brown
coals/low rank C) to orange (from lignite/low rank B, C to medium vol-
atile bituminous coal/approx. medium rank B, C). The fluorescence in-
tensity decreases with increasing rank.

3.6. Chemical properties

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

Cutinite (fossil cuticles) only differs slightly in its chemical composi-
tion from recent material (Potonié, 1920). In brown coals (approx. low
rank A-C, medium rank D) it can also contain wax besides cutin. Where-
as liptinites in general are rich in aliphatic chains Mastalerz and Bustin
(1997) could show that cutinite in coals from the Mist Mountain Forma-
tion, Elk Valley coalfield, British Columbia, Canada had the longest, least

Fig. 3. Cutinite cut in an angle, medium rank coal, Germany (Carboniferous). Width of field
200 pm; blue-violet excitation.
(Photomicrograph W. Pickel)
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branching chains, followed by sporinite, vitrinite, semifusinite and
fusinite. For elematary analyses data of cutinite see Table 1.

Cutinite is insoluble or only slightly soluble in benzene and alcohol.
Chloroform and alcohol extract a little wax from cutinite (Legg and
Wheeler, 1926). This is due to the fact that cuticles are frequently over-
lain by epicuticular wax deposits. The outer cuticular layer produces
cutin, a hydrophobic polyester of aliphatic monomers (Kolattukudy,
1980; Tyson, 1995). Cutinite can also contain up to 1% of the aliphatic
biomacromolecule cutane (Tegelaar et al.,, 1989).

3.7. Derivation

Cutinite consists of fossil cuticles, which form protective layers of
cormophyte epidermal cells. Cuticles arise from leaves and stems. More-
over, endodermal matter and ovular embryo sacs are included in the ini-
tial materials of cutinite. Nevertheless, most cuticle fragments are
derived from leaves, because these are produced and shed in great num-
ber and their surface is very large (Tyson, 1995). 65-75 wt.% of the an-
nual litter production of forests consists of leaves.

Table 1
Elementary analysis (data from: Francis, 1961, Legg and Wheeler, 1926, Neavel and Miller,
1960, ICCP, 1963).

% atom %
C 70.6-76.4 33.7-39.6
H-(C+ H+ 0=100) 7.6-11.8 51.3-62.4
(6] 11.8-21.7 3.9-9.1
N (daf) 0-1.1
S (daf) 0-2.1

Fig. 4. Suberinite and phlobaphinite (center) in a matrix of degraded suberinite (Cabrera
et al., 1995), thus the matrix would best be classified as bituminte. White reflected light
(top) and fluorescence mode (bottom). Width of field 150 pm. As Pontes (NW-Spain, Ol-
igocene - Miocene).

(Photomicrograph W. Pickel)

3.8. Occurrence

Cutinite is an important constituent of clarite and is present in nearly
all coals, but rarely abundant. It is however found in some coals in high
abundance, often together with sporinite as for example in the paper
coal in Luquan (Yunnan Province, China), (Dai et al., 2006).

3.9. Practical importance

See liptinite (Section 2.8). Cuticle analysis in combination with spore
analysis may assist in the correlation of coal seams (Jurasky, 1935;
Stach, 1952; Stach et al., 1982; Weyland, 1960). Moreover, it plays an
important role in the assessment of facies and stratigraphic questions
and in the reconstruction of plant communities of brown-coal paleo
mires (Schneider, 1969; Weyland, 1960).

4. Suberinite (see Figs. 4, 5)
4.1. Origin of the term

The term suberinite was introduced in 1935 by Stopes for coalified
periderm. In 1975, the ICCP designated suberinite as a maceral of the
liptinite group, having its origin in suberized cell walls.

4.2. Etymology

Suber (latin) - cork
4.3. Related terms

Barkinite (Sun, 2002; Wang et al., 2014)
4.4. Definition

The term suberinite refers to coalified cell walls, which differ from
telohuminite by virtue of their liptinitic character and are derived
from suberized cell walls.

4.4.1. Comment

In polished section, suberinitic tissue, particularly cork tissue, dis-
plays a succession of more or less rectangular, brick-like, or irregularly
polygonal 4-6 sided cells. The structural form depends to some extent
on the orientation of the section. Suberinite often occurs together with
phlobaphinite, which is contained within the cork cells (Szadecky-
Kardoss, 1949). When the cells are empty and compressed, suberinite
occurs as a laminar mass. The size of suberinite masses varies consider-
ably. Those consisting of only a few cells can have a thickness of about

Fig. 5. Suberinite, fluorescence mode, width of field 150 um. As Pontes (NW-Spain), Oligo-
cene - Miocene.
(Photomicrograph W. Pickel)
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50 um. Sometimes suberinite layers having a thickness >500 um can be
seen. Fragmented suberinite that lacks recognizable structure is classed
as liptodetrinite.

4.5. Physical properties

4.5.1. Colour and reflectance

In reflected white light suberinite is almost black, dark gray, or me-
dium gray, dependent on the degree of coalification. The reflectance of
suberinite converges with that of vitrinite at a lower rank than that of
other liptinite macerals.

Systematic studies on reflectance are not known because the thin cell
walls make measurement difficult. A suberinite sample from a dark
“Normalkohle”, from Helmstedt, Lower Saxony (Eocene) had a R; of 0.08%.

In transmitted light suberinite is light-yellow to gold yellow, red or
brown; depends on section thickness, on degree of coalification
(Szadecky-Kardoss, 1949) and on botanical origin.

4.5.2. Fluorescence

Fluorescence colours (UV-light excitation) range from light blue to
green-yellow (Jacob, 1961); blue light excitation - lemon yellow to
yellow-orange and brown; dependent on the degree of coalification
and botanical origin.

4.6. Chemical properties

Suberinite originates from the suberin of cork tissue. Recent suberin,
similar to cutin, is a polymer of very specific, high-molecular-weight,
containing aromatics and polyesters (Kolattukudy, 1980; Taylor et al.,
1998). A number of fatty acids from cork tissues has been isolated and
characterized. These fatty acids contain 19 to 23 carbon atoms per mol-
ecule. They are mono- or divalent acids. Suberinite is hydrogen-rich
(Szadecky-Kardoss, 1949).

Treatment with KCIO3 + HNO3; produces the “ceric acid reaction”;
causing small droplets to be formed on the suberin lamellae. These
droplets are soluble upon heating in alcohol or potassium hydroxide
(KOH) (Potonié, 1920). Suberinite is not affected by concentrated chro-
mic acid (H,Cr0O4) and concentrated sulfuric acid (H,SO,4) at room tem-
perature (Potonié, 1920).

Suberinite is not soluble in the common solvents - benzene, alcohol,
gasoline, acetone (Potonié, 1920).

The relationship between suberinite and bark from angiosperms has
also been shown by Rahmad et al. (2013), who could demonstrate a di-
rect dependence of the amount of suberinite and Friedelin in the extract
of coals from East Kalimantan. Friedelin, a pentacyclic triterpene is con-
sidered as a biomarker for bark.

4.7. Derivation

Suberinite is formed from suberized cell walls, particularly from the
periderm of bark. Periderm is formed by the activity of a specific second-
ary meristem that is formed near the periphery of the plant organ that is
growing in thickness; this is called the cork cambium (phellogen) (Sitte
et al., 2002). Layers of periderm, with very few exceptions, cover the
older stalks, branches, stems (Tyson, 1995), roots (Sitte et al., 2002;
Tyson, 1995), fruits and bulbs (Jurasky, 1935 of many plants.

Suberin lamellae are also formed after injury in all spermatophytes
and to some extent in pteridophytes as wound tissue.

Suberinization creates a diffusion barrier and thus suberinized tissue
acts as a waterproof layer. These occur in stems (bark), roots and fruits
(Tyson, 1995).

4.8. Occurrence

Suberinite occurs in Paleogene, Neogen and some Mesozoic and Pa-
leozoic coals. In zones of facies change, it is found commonly in small

Fig. 6. (Mega-) Sporinite, Ruhr region (Germany), Upper Carboniferous. Fluorescence
mode. Width of field 200 um.
(Photomicrograph W. Pickel)

amounts. Suberinite is particularly common in coal derived from forest
peats (Jacob, 1961) but also coals of other origins can contain high
amounts of suberinite (Khorasani, 1987). Enrichment in suberinite is
probably due to the fact that suberinized tissue is relatively resistant
and can thus be concentrated by selective preservation (Cabrera et al.,
1995). The jet like nature (its softness and readiness to be carved) of
Oltu stone, a semi-precious, coaly stone from Eastern Turkey has been
explained by its high suberinite content by Toprak (2013).

4.9. Practical importance

Commonly of little significance, since suberinite is normally found in
only small amounts in all types of coal. An abundance of suberinite on
the other hand is of special significance as due to its waxy/oily chemical
composition it has a significant potential to generate liquid hydrocar-
bons in the course of coalification (Tyson, 1995). In comparison to
other liptinite macerals, this generation starts relatively early during
maturation (Khorasani and Murchison, 1988).

5. Sporinite (see Figs. 6, 7, 8)

5.1. Origin of term

The term sporinite was introduced by Seyler (1943) for a maceral of
the liptinite group, which arises from spores and pollens.

Fig. 7. (Mio-) Sporinite, Carboniferous, Saar area (Germany); fluorescence mode, width of
field 180 pm.
(Photomicrograph W. Pickel)
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Fig. 8. Sections of two (mega-) sporinite macerals, white reflected light. Upper
Carboniferous, Ruhr region (Germany).
(Photomicrograph W. Pickel)

5.2. Etymology

Sporos (Greek) - seed

5.3. Related terms

Sporangium (Sitte et al., 2002)

5.4. Definition

Sporinite consists of the outer membranes (exines and perines) of
spores, with the term ‘spore’ covering spores (sensu stricto) and pollen
grains.

5.4.1. Comment

Sporinite of low rank or thermal maturity frequently retains the
original shape of the spores. In section perpendicular or parallel to the
bedding it displays hollow, more or less round, triangular or spindle-
shaped form. Since spore coats are generally compressed at higher
rank and aligned with the bedding planes, sporinite displays a more or
less lens-shape in sections perpendicular to the bedding. The original
cavity may be indicated by a thin line. Occasionally, it is possible to dis-
tinguish a layering within the cell wall. Convex or vermiform processes
may sculpture the exines.

The size of sporinite varies from approximately 10 to 2000 pm. In Pa-
leozoic coals, miospores (isospores, microspores and small megaspores)
and megaspores can be distinguished by size. Sporinite of thick-walled
megaspores is mostly granular; sporinite of microspores and pollen
grains is generally compact and homogeneous.

5.5. Physical properties

5.5.1. Colour and reflectance

In reflected white light sporinite is rusty brown, dark gray, occasion-
ally nearly black at low rank; with increasing rank sporinite becomes
light gray, gradually matching the vitrinite.

In transmitted light sporinite appears bright yellow at low rank,
changing into golden yellow with increasing rank to orange then to
red; at the end of the oil window (1.3% R;) the colour is similar to that
of the associated vitrinite.

5.5.2. Fluorescence

The fluorescence colours of sporinite are dependent on rank and the
starting materials, i.e. on the plants from which the spores originate. The
colours shift with increasing rank to colours the maximum intensity of
which always lies at higher wavelengths. Simultaneously, the fluores-
cence intensity decreases. At a rank of about 1.3% R, vitrinite reflectance
the fluorescence disappears.

Ultra-violet radiation:bluish ~white-yellowish ~white-ochre-
coloured-brown.

Blue-light radiation:bright yellow-orange-brown.

5.5.3. Polishing hardness

At low rank sporinite has a greater resistance to polishing than
vitrinite and thus produces a positive relief. When the reflectance is
equivalent to that of vitrinite, the relief disappears.

5.6. Chemical properties

The ash-free substance of sporinite, despite some variation in chem-
ical composition, is termed sporine (Potonié et al., 1970). Sporines are
formed by dehydration and dehydrogenation of recent sporopollenin,
which in turn consists of elemental carbon, hydrogen and oxygen. Spo-
ropollenin is a very resistant, highly polymerized substance (Shaw,
1971). Sporopollenin of different plant types is of varying chemical
composition, thus exines of different plant types are more or less resis-
tant to degradation (Taylor et al., 1998).

In contrast to the vitrinite macerals, sporinite is very rich in hydro-
gen. The concentration of the trace elements V, Ge and Al is low com-
pared to inertinite and vitrinite (Spears et al., 2007). For elematary
analyses data of sporinite of different ranks see Table 2.

Solubility: Under atmospheric conditions the solubility of sporinite
in organic solvents is very low. By raising the temperature and the pres-
sure the solubility can be increased (depolymerisation). The extract
composition is close to that of vitrinite (Kruge et al.,, 1993).

5.7. Derivation

Sporinite is formed from the exines and perines of plant spores and
pollen. In Paleozoic spores the outer membranes were produced partic-
ularly by pteridophytes and gymnosperms, in Mesozoic spores especial-
ly by gymnosperms, and mainly since the end of the Cretaceous in
increasing amounts by angiosperms. There are only scattered occur-
rences of bryophyte spores.

5.8. Occurrence

Sporinite occurs in varying amounts in coals and dispersed in sedi-
mentary rocks.

In Paleogen and Neogene lignite, the sporinite content can be espe-
cially high in the bright bands (Teichmiiller, 1950; Teichmdiiller and
Thomson, 1958), being, however, almost always below.

10% of the whole coal (Potonié et al., 1970). The highest sporinite
contents in seam sections have been recorded in the Lower Carbonifer-
ous Moscow brown coal, which contains 35%.

Some Carboniferous coal seams contain spore-rich durite in which
the sporinite content can amount to >50%, for example, in the Shallow
Seam (Cannock Chase Coalfield) and in the Siltstone and Beeston
Seams (North Yorkshire Coalfield, England).

Sporinite is an important constituent of cannel coals.

5.9. Practical importance

Pure sporinite has only been investigated up to now in exceptional
cases. Generally it has the same technological properties as the other
macerals of the liptinite maceral group.
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Table 2

Examples for elementary composition of sporinite [%d.a.f.] (ICCP, 1963).

(soft brown coal: low rank B, C, Hard brown coal: approx. equal low rank A, HVB: high vol-
atile B bituminous, approx. partly equal medium rank C, HVA: high volatile A bituminous,
approx. partly equal medium rank C, MV: medium volatile bituminous, approx. medium
rank B, LV: low volatile bituminous, approx. medium rank A).

At low rank
Soft brown coal Hard brown coal
Geiseltal Moscow Basin
(Eocene) (Lower
Carboniferous)
C 61.6 79.9
H 7.4 6.0
o] 17.8 6.3
N 0.6 0.5
S 125 7.2
At higher rank
HVB HVA MV LV
C 79.2 85.5 87.4 89.3
H 10.6 7.3 6.8 49
0] 8.5 5.8 4.7 3.6
N 1.5 0.5 0.6 1.5
S 0.6 0.9 0.5 0.6

Isolated pollen and spores are particularly suitable for stratigraphic
studies and seam correlation. Moreover, they are important as facies
indicators.

It is important to consider that even a high amount of sporinite of
8000 pollen per g sediment results in a total organic carbon (TOC) con-
tent of just about 1%. The hydrocarbon yields of dispersed sporinite may
also be rather low, probably due to former oxidation (ICCP, 1963).

6. Resinite (see Figs. 9, 10)
6.1. Origin of term

The term was introduced by Stopes (1935).

6.2. Etymology

Retine (Greek); resine (Lat.) - resin

6.3. Related terms

Retinit (Jacob, 1952a, 1952b)
Fluorinite (Taylor and Teichmiiller, 1993)

Fig. 9. Resinite macerals at various degrees of weathering, Upper Cretaceous (Nigeria), in
kerogen concentrate. Width of field 200 pm.
(Photomicrograph W. Pickel)

Fig. 10. Resinite variety fluorinite (greenish yellow fluorescence) inside cutinite;
liptodetrinite and sporinite in surrounding matrix, Upper Cretaceous (Nigeria). (For inter-
pretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)

(Photomicrograph W. Pickel)

Colloresinite (ICCP, 1993)
Terpene resinite (Taylor et al., 1998)
Lipid resinite (Stach et al., 1982; Taylor et al., 1998)

6.4. Definition

Constituent originating from resins and waxes, occurring as discrete
bodies of varying shape, which occur either round, oval or rod-like in
cross sections or as diffuse impregnations or filling cell cavities in
telinite.

6.4.1. Comment

Since most resinite macerals originate in cell excretions, the maceral is
found in coal primarily as in situ cell fillings or isolated bodies. Its form is
approximately circular, oval or rod-shaped, with a size consistent with
the dimension of plant cells (Stach, 1935, 1966; Szadecky-Kardoss,
1949; Teichmiiller, 1952). Resinite is also found as diffuse impregnation.

Resinite bodies frequently have a zoned structure and internally
sometimes contain gas bubbles of varying size (Stach, 1935, 1966;
Teichmiiller, 1952; Hagemann and Pickel, 1991). Resin, which, because
of oxidation/polymerisation processes, has reached the reflectance of
huminite or inertinite, either in or before the peat stage, is not recorded
as resinite (cf. corpohuminite/corpogelinite, secretinite).

6.4.2. Note

According to the precursor of resinite, two types of resinite are dis-
tinguished; terpene resinite from resins and lipid resinites from fats
and waxes (Taylor et al., 1998). Lipid resinite, in contrast to terpene
resinite, normally does not display the form of plant cell lumina. Most
resinite macerals, however, originate from resins.

Fluorinite is here considered as a variety of resinite. Taylor and
Teichmiiller (1993) showed the link between essential oil and fluorinite
with the occurrence of fluorinite in Myrica leaves embedded in Eastern
German lignite. Myrica leaves are rich in essential oils (Metcalfe and
Chalk, 1957). Fluorinite can be easily distinguished when found associ-
ated with the cutinite from the essential oil bearing leaves and by its
striking bright fluorescence. Considering the high variability in resinite
fluorescence intensity, a distinction from resinite is often not possible
when it is found isolated. Furthermore, botanists classify essential oils
as a low molecular weight variety of resin (with balsam being the mem-
ber in between) (Sitte et al., 2002); thus the classification of fluorinite as
a variety of resinite.
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6.5. Physical properties

6.5.1. Colour and reflectance

In reflected white light resinite is black to dark gray with lighter gray
external zones at low rank, often displaying yellow, orange coloured or
red internal reflections (Stach, 1952; Teichmiiller, 1952).

6.5.2. Fluorescence
In the case of UV excitation, blue to blue green; with blue-light exci-
tation, yellow, orange to light brown. Oxidation rims fluoresce less
strongly and display colours at longer wavelengths (Jacob, 1960, 1961).
Fluorescence intensity and colour may vary considerably at a given
rank, especially that of terpene resinite. For that reason they are not
suitable for rank determination by fluorescence measurement.

6.5.3. Polishing hardness
The polishing hardness of resinite of different origin can vary consid-
erably (Teichmiiller, 1950).

6.6. Chemical properties

The chemical properties of resinite can vary considerably due to dif-
ferent precursor material as well as to early diagenetic modifications.
Terpene resinite mainly consists of terpenoids. Additionally esters, phe-
nols, alcohols and a complex mixture of resin acids occur (Taylor et al.,
1998). The lipid resinite predominantly consists of fats and waxes
(lipids). Nip et al. (1992) and Crelling and Kruge (1998) on resins
from the Herrin No. 6 coal seam showed the chemical structure to be
that of a straight chain polymere. For elematary analyses data of resinite
see Table 3.

6.7. Derivation

Resinite originates in resin and copal, which occur as cell excretions
in different parts of plants (bark, wood, leaves, etc.), in parenchyma or
in medullary-ray cells, as well as in the resin ducts of schizogenous or
lysigenous origin in gymnosperms and angiosperms (Soos, 1963).
Resin is sometimes concentrated in resin gall and in resinous tissues
(Stach, 1966), precursors are probably resins and waxes (Taylor et al.,
1998).

6.8. Occurrence

Resinite is found with original cells in telohuminite/telovitrinite. Iso-
lated it occurs with detrohuminite/detrovitrinite (Stach et al., 1982;
Teichmidiller, 1952; Tyson, 1995). Melted, dissolved and rehardened, or
precipitated resins occur in fissures and cleats (Murchison and Jones,
1963). However they can normally not be distinguished from
exsudatinite by optical means and are therefore counted as such.
Resinite is an important constituent of liptobioliths, in which it is highly
concentrated.

Table 3
Elementary analysis data (d.a.f.) (after Francis, 1961; Murchison and Jones, 1963; van
Krevelen, 1993).

% atom %
C 77.0-85.0 35.3-42.0
H(C + H+ 0=100) 8.2-11.0 52.0-61.4
0 2.7-13.0 1.7-5.0
N 0-0.4
S 0-0

6.9. Practical importance

During preparation resinite becomes concentrated in the lowest
density fraction.

Resinite occasionally occurs strongly concentrated in certain layers
of coal seams and may then be useful in seam correlation.

Resinite is considered to contribute considerably to liquid hydrocar-
bon production in relatively early stages of diagenesis (Powell et al.,
1978).

7. Exsudatinite (see Figs. 11, 12)
7.1. Origin of term

Term introduced by Teichmiiller (1974) to describe a maceral, close-
ly related to the generation of liquid hydrocarbons from other liptinite
macerals and perhydrous vitrinite.

7.2. Etymology

Exsudare (Latin): release by perspiration

7.3. Related terms

Migrabitumen (Alpern, 1980)
Solid bitumen (Hunt, 1996)

7.4. Definition

Exsudatinite is a secondary maceral, that has been generated during
coalification and has intruded into empty spaces, such as fissures, cracks
and other cavities (Taylor et al., 1998; Teichmiiller, 1974).

74.1. Comment

Exsudatinite is the solid residue of an originally petroleum-like sub-
stance, most commonly of asphaltic nature. It is generated normally
from liptinites or possibly perhydrous vitrinite. It is only identified as
exsudatinite when either the relation to the source maceral is obvious
or in spaces in which it cannot have been at deposition, like for example
in the cell lumina of fusinite.

7.5. Physical properties

7.5.1. Colour and reflectance
It has in general the reflectance of the associated liptinite (Taylor
et al.,, 1998). At a rank equivalent to the end of the ‘oil window’ the

"

Fig. 11. Exsudatinite filling cracks near cutinite. Mallorca, (Spain), Middle Eocene. Fluores-
cence mode, width of field 200 pm.
(Photomicrograph W. Pickel)
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Fig. 12. Exsudatinite, Saar region (Germany), Carboniferous. Width of field 200 um.
(Photomicrograph W. Pickel)

reflectance of exsudatinite exceeds that of vitrinite. It may show a
higher degree of anisotropy than vitrinite of the same rank.

7.5.2. Fluorescence

It has in general the fluorescence properties of the associated
liptinite (Taylor et al., 1998) and is usually of a slightly different fluores-
cence colour and intensity than the source maceral.

7.5.3. Polishing hardness
Exsudatinite is soft/elastic at low rank.

7.6. Chemical properties
Chemical properties vary depending on the source.
7.7. Derivation

Exsudatinite is a secondary maceral, generated during thermal mat-
uration from hydrogen rich sources (e.g., liptinite).

7.8. Occurrence

Exsudatinite is found in low to medium rank bituminous coals and
shales at thermal maturities equivalent to the ‘oil window’.

7.9. Practical importance

Since exsudatinite occurs rarely and its presence is largely depen-
dent on available space during genesis, it has no practical importance

Fig. 13. Chlorophyllinite in cutinite. Geiseltal, (Germany ), Paleogene. Fluorescence mode,
width of field 200 um.
(Photomicrograph W. Pickel)

or relevance for the interpretation of the formation of the relevant
coal (Pickel and Gétz, 1991).

Suberinite is relevant in petroleum genesis due to its early (with re-
gard to rank) generation potential (Khorasani and Murchison, 1988).
Wan Hasiah (1997) concluded that through the generation crack net-
work could be formed that would allow for and support the migration
from source rocks including coals.

8. Chlorophyllinite see Figs. 1, 13)
8.1. Origin of term

The term chlorophyllinite was introduced in 1971 by the Nomencla-
ture Subcommission of the ICCP for a maceral of the liptinite group. The
term chlorophyllinite has wider implications than the term chlorophy]Il.

8.2. Etymology

Chloros (Greek) - green, phyllon (Greek) - leaf
8.3. Related terms

None
8.4. Definition

Chlorophyllinite mainly forms small, round particles of approxi-
mately 1-5 pm diameter, which display a characteristic (blood) red
fluorescence.

84.1. Comment

In rare cases, for example, algal chlorophyllinite (Jacob, 1961), the di-
ameter may reach 100 um. Chlorophyllinite can easily be identified
when it is well preserved by its red fluorescence. Recognition is made dif-
ficult by imperfect chemical preservation. In doubtful cases such particles
would be recorded as constituents of liptodetrinite. The red fluorescence
fades into weak orange after some minutes of UV- or blue-light excitation.

8.5. Physical properties

8.5.1. Colour and reflectance

Chlorophyllinite usually consists of small particles, and is only weakly
reflecting, It therefore cannot be easily distinguished from liptodetrinite in
white reflected light. In transmitted light, when heavily concentrated,
chlorophyllinite can be recognised by its pale green colour (Potonié,
1920). This weak colour can be masked by brown, humic substances.

8.5.2. Fluorescence

Chlorophyllinite displays a strong blood-red fluorescence. Since
other macerals do not fluoresce blood-red, the smallest chlorophyllinite
particles can be detected and safely identified (Jacob, 1961). Weak de-
composition appears to be sufficient to cause a colour shift from
blood-red through rose to creamy-white. Blue light or ultra-violet radi-
ation will produce this effect within approximately 10-15 min; the
change is irreversible.

8.6. Chemical properties

Since chlorophyllinite displays the same physical properties in fluores-
cence analysis as recent chlorophyll, it can be inferred that they both will
also be chemically similar. The following data relates to recent plant mat-
ter (Beyer and Walter, 2004; Sitte et al., 2002). Chlorophyll occurs in two
varieties with the empirical formulae CssH7>,MgN,405 and CssH7oMgN4Og.
Both are waxy di-esters. The Mg atom of chlorophyll occupies a central po-
sition and is surrounded by four nitrogen atoms, the latter, each with four
carbon atoms, forming a pyrrole ring. Such compounds are termed
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porphyrins. Chlorophyllinite will decompose considerably more easily
than other liptinite macerals and only remains well-preserved under high-
ly specific facies conditions. Weak acids destroy chlorophyll causing
brown colouration and eliminating magnesium. Magnesium can be re-
placed during fossilization by other elements, e.g., Fe, Ni, V etc.
(Dunning, 1963; Eckhardt, 1989; Hodgson et al., 1972).

Chlorophyll is entirely or partially soluble in ether, alcohol, acetone,
benzene and other organic solvents (Beyer and Walter, 2004). Conse-
quently, during bitumen extraction it tends to dissolve. The greenish
brown colour and red fluorescence of many peat and algal-mud extracts
are due to dissolved chlorophyll. With increasing chlorophyll decompo-
sition, extracts of recent sediments (mud deposits) show a change in in-
trinsic colour from green to yellow to brown, which can be correlated
with the pH value of the deposit.

8.7. Derivation

Chlorophyllinite originates in chlorophyll pigments (grana) and in
hyaloplasmatic lattice material (stroma). Grana and stroma combine
to form finely laminated constituents, which are described as chloro-
plasts. In higher plants these are mainly lens- or disc-shaped and are
found in leaves, young stems, young fruits etc. Numerous algae also con-
tain 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, chlorophyll can
be preserved in the form of chlorophyllinite. This chlorophyllinite will
not or only very slightly be altered by the humification process in the
peat and soft brown-coal stages.

Chlorophyllinite can consist of the following materials:

i) various pigments belonging to the chlorophyll group,
ii) their decomposition products.

8.8. Occurrence

Chlorophyllinite is a sporadic constituent of almost all brown-coal, sap-
rolite 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 been deposited as organic
mud/gyttja (e.g. “leaf coals” of Geiseltal, Germany, Pickel and Wolf, 1989),
as well as in algal mud/gyttja and other saprolites. Chlorophyllinite has
also been noted in the Moscow brown coal of Lower Carboniferous age
(Jacob, 1952a). In the Neogene and Pleistocene soft brown coals and
peat (Querol et al., 1996; Ramos et al., 2001) chlorophyllinite occurs
over a wide facies spectrum. Thus, the normal forest-mire coals and the
young bog peat can both contain chlorophyllinite.

In sub-fossil stages chlorophyllinite is relatively abundant, but has
an irregular distribution. In Paleogene and Neogene European soft
brown coals its amount decreases in relation to the palaeoclimate;
thus in coals of older deposits formed in warm periods, chlorophyllinite
is already less abundant. In older soft brown coals its appearance is lim-
ited to a few quite specific facies types. In the lignite stage systematic
observations are not available and chlorophyllinite is only found in
algal mud/gyttja at this level of coalification. In hard coals no investiga-
tions are known; this also applies to algal mud/gyttja and bituminous
shale.

8.9. Practical importance

Since chlorophyllinite only occurs sporadically, it has no direct prac-
tical importance. It has an indirect significance as a facies indicator
(Querol et al., 1996), for example, of the degree of anaerobism and the
climate at the time of sedimentation.

Fig. 14. Telalginite (Tasmanites), Tasmania (Australia) fluorescence mode, blue-violet ex-
citation. Width of field 220 um.
(Photomicrograph A.C. Cook)

9. Alginite

On the basis of morphology, alginite has been divided into telalginite
and lamalginite. Alginite comprises unicellar solitary or colonial algae of
planktonic and benthic origin.

9.1. Telalginite (see Figs. 14, 15)

9.1.1. Origin of term

The term alginite A was introduced by Hutton et al. (1980) to define
discrete algal bodies that are either elliptical or disc shaped. Cook et al.
(1982) subsequently proposed the term telalginite as a replacement
for alginite A.

9.1.2. Etymology
Tela - tissues, alginite (Drath, 1939)

9.1.3. Related terms
Thallamo-alginite (Ginzburg and Letushova, 1976)
Coccoidal alginite (Stasiuk, 1994a, 1994b)

9.1.4. Definition

Telalginite is alginite that occurs as discrete lenses, fan-shaped
masses or flattened discs all of which have distinctive external form
and, in most cases, internal structure.

9.1.4.1. Comment. The visible structures are determined both by the origin
of the telalginite and the type of section (perpendicular to, or parallel with,
bedding). For more details see: paragraph 9.1.7. Most telalginite is

Fig. 15. Telalginite, Ruhr region (Germany). Width of field 200 um.
(Photomicrograph W. Pickel)


Image of Fig. 15
Image of Fig. 14

52 W. Pickel et al. / International Journal of Coal Geology 169 (2017) 40-61

>0.005 mm thick and has a ratio of thickness to length of >0.5 but for
tasmanitid-derived telalginite, much higher ratios occur. Entities
<0.005 mm thick that have a thickness to length ratio of <0.2 should be
referred to as lamalginite.

9.1.5. Physical properties

9.1.5.1. Colour and reflectance. In transmitted light, telalginite is pale yel-
low to brown, largely dependent upon rank. In reflected light (bright
field white light, oil immersion) it is dark in relation to sporinite; reflec-
tance is typically <0.1% in lignites. Alginite reflectance rises with in-
creasing rank and is typically about 0.8% R; in association with
vitrinite of reflectance 1.1% R..

Note: The presence of telalginite is commonly associated with anom-
alously low vitrinite reflectance values (e.g. suppression); the values
quoted in this document relate to associated alginite-free samples.
Telalginite commonly shows internal reflections and may show a green-
ish colour in reflected white light due to autofluorescence.

9.1.5.2. Fluorescence. In incident fluorescence-mode (UV/violet/blue
light excitation) telalginite is bright green to greenish yellow at low
rank; yellow to orange in the vitrinite reflectance range of 0.6% to
0.9%, dull orange at higher rank and beyond about 1.3% vitrinite reflec-
tance it has no fluorescence under conventional illumination conditions.

At low rank the fluorescence intensity is usually high (Is4¢ normally
ranges from 4.0 to 13.0 (where Is4s for masked uranyl glass standard has
avalue of 1)) but some algal colonies from low rank samples that show ef-
fects of early diagenetic changes may have low intensities with Is4 values
as low as 0.2.

Note on changes with maturation: At low ranks, telalginite typically
has a very low reflectance and strong fluorescence. With increasing
rank, changes in optical properties are small until vitrinite reflectance
of about 0.7% R, is reached. With further increase in maturation, fluores-
cence intensity decreases rapidly with a red shift and reflectance rises.
Where vitrinite reflectance is about 1.1% R,, fluorescence intensity is
commonly weak orange to brown, with reflectance in the range from
about 0.7% R, to 1.0% R,. Above a vitrinite reflectance of about 1.3% R;,
convergence with the optical properties of vitrinite occurs and distinc-
tion from vitrinite becomes dependent upon recognition of the external
shape of the alginite bodies. Further information on changes in optical
properties with maturation is given in Peniguel et al. (1989).

Note: Telalginite is distinguished from lamalginite by its thickness,
thickness to length ratios, the types of botanical structure (internal and ex-
ternal) apparent both in sections parallel with, and perpendicular to, bed-
ding and the generally greater fluorescence intensity. These characteristics
can be used to distinguish telalginite from most other liptinite macerals.

Some types of cutinite and suberinite show comparable fluorescence in-
tensities but have distinctively different morphology. Within Paleogene
and Neogene sequences, some resinite bodies have embayed margins
that resemble the external shape of some colonies of Botryococcus. Weak
development of internal structure is common in colonies of Botryococcus
within Paleogene and Neogene rocks but, even where structure is obscure,
distinction from resinite can be made on the basis of the presence of a
weak fibrous texture within telalginite. Distinction of tasmanitid-derived
telalginite from megaspores is based on the absence of external ornament
(except for punctae) on tasmanitid cysts, the presence of fibrous structure
within tasmanitid cysts and the stronger fluorescence of telalginite.

9.1.5.3. Polishing hardness. Telalginite is tough, has a high polishing hard-
ness, positive polishing relief and commonly retains coarse scratches
after polishing.

9.1.6. Chemical properties

Most telalginite has higher H/C and lower O/C atomic ratios than
other liptinite macerals. Chemical structures are largely aliphatic and
hydrocarbon generating potential is high. Botryococcus can contain up
to 76% hydrocarbons by weight (Hunt, 1996); Botryococcane may be a
characteristic hydrocarbon of these algae, but in many occurrences it
is not present. Gloeocapsomorpha-derived telalginite commonly has
higher O/C atomic ratios (similar to those of higher plant-derived
liptinite) than other telalginite.

Table 4 shows some examples and typical ranges in elemental com-
position of the three major types of telalginite at low to medium ranks
(minor amounts of other macerals are present in these samples).

9.1.7. Derivation

Telalginite originates from lipid-rich algae; genera identified to date
are mostly derived from planktonic Chlorophyceae. These progenitor
algal types have been described (inter alia) under the following names:

Cambrian/Ordovician
Lower Carboniferous

Gloeocapsomorpha prisca ZALESSKY

Pila karpinskii RENAULT

Cladiscothallus keppeni BERTRAND

Pila bibractensis BERTRAND and RENAULT
Reinschia australis BERTRAND and RENAULT
Tasmanites NEWTON

Pila liassica, other Botryococcus-related forms
Botryococcus forms.

Carboniferous/Permian

Permian
Jurassic
Cretaceous to Recent

A list of synonyms of the forms related to Botryococcus braunii
KUTZING has been published by Harris (1938).

Table 4
Elemental composition of various telalginite macerals.
Telalginite type and occurrence % By weight dmmf H/C 0/C Reference
C H (0] N S at at
Botryococcus-related
Middle River Seam, Lithgow, NSW, Australia 79.7 9.5 7.9 0.8 1.2 1.45 0.07 Sherwood (1991)
Temi, NSW, Australia 80.4 10.2 09 1.0 1.5 15 0.07 Sherwood (1991)
Glen Davis, NSW, Australia 86.1 11.0 0.9 1.0 1.0 1.55 0.01 Sherwood (1991)
Autun, France 82.2 9.9 4.1 13 2.5 1.45 0.04 Tissot and Welte (1978, 1984)
Typical range 75-86 8-11 3-9 1-2 1-2.5 1.4-1.6 0.03-0.06
Tasmanitids
Mersey River 823 11.0 2.0 0.7 4.0 1.6 0.02 Saxby (1980)
Tasmania, Australia 75.9 9.4 8.8 2.1 3.8 1.5 0.09 Tissot and Welte (1978, 1984)
Kentucky 78.7 9.9 85 1.7 0.0 15 0.08 Sherwood (1991)
Typical range 75-85 8-11 3-9 1-2 3-5 1.5-1.6 0.05-0.10
Gloeocapsomorpha
Estonia 72.6 8.9 16.3 0.3 24 15 0.16 Sherwood (1991)
Kukersite 73.5 8.3 15.6 0.4 2.2 135 0.16 Tissot and Welte (1978, 1984)
Typical range 72-74 8-9 15-17 0.3-0.4 2-3 1.3-15 0.12-0.18
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Tasmanitid cysts are derived from Prasinophyceae, have similar
morphologies as Tasmanites and differ in structure from the other listed
forms in that they are not colonial. They are similar to the recent alga
Pachysphaera pelagica OSTENFELD. Tasmanitids other than T. punctatus
NEWTON occur in rocks ranging from Cambrian to recent. Tasmanitids
are solitary, planktonic, marine algae having chlorophyte affinities and
occur as flattened, sutured discs. The thick (up to 0.02 mm) punctate
wall is characterized by the presence of numerous, fine, radial canals
which may pass partially or completely through the wall. The cysts,
which are originally spheroidal, become disc-shaped upon compres-
sion. Size of tasmanitids range from about 0.05 mm to 0.60 mm in diam-
eter and the walls range from 0.005 to 0.02 mm in thickness. The wall
comprises two or three layers although the outer layer is rarely pre-
served. The middle layer forms the bulk of the wall and is the most com-
monly preserved portion. The inner and outer walls are thin and fibrous.
Species of tasmanitids can be recognised by the configuration of radial
canals in the middle wall.

The precursors of Gloeocapsomorpha-derived alginite have a
marine colonial habitat and are possibly related to photosynthetic
cyanophytes that have a life cycle including benthonic and planktonic
stages (Stasiuk et al,, 1993). The planktonic forms contribute to telalginite.
Gloeocapsomorpha-derived alginite colonies and cells identified to date are
spherical to oval-shaped. The sizes of colonies range from about 0.025 mm
to 0.15 mm in diameter. Each cell secretes a sheath and when cells divide,
each new cell secretes its own sheath within the old one thereby forming
characteristic rings or layers of gelatinous tissue.

Botryococcus-type algae are derived from planktonic, mostly fresh-
water Chlorophyceae and are preserved in colonies formed from nu-
merous unicellular algae arranged in groups and held together by
shared gelatinous tissue. In some cases this telalginite has a similar mor-
phology as Gloeocapsomorpha-derived telalginite. Botryococcus colonies
are typically radially arranged and appear lensoidal, spherical or fan
shaped depending on size, orientation of section and species. Average
sizes of colonies range from about 0.02 mm to 0.40 mm in diameter.
Small, cup-shaped cells have openings directed to the outside of the col-
ony. Some species have tubular, forked cells up to 0.1 mm in length.

9.1.8. Occurrence

Gloeocapsomorpha telalginite is largely restricted to the Cambrian
and Ordovician and is the main alginite of kukersite oil shales.
Gloeocapsomorpha appears to be also restricted in its distribution in
terms of paleolatitude, most occurrences being from a near equatorial
setting. The “type” location of kukersite is in Estonia.

Botryococcus-related telalginite occurs worldwide throughout the
geologic record in coals and in terrestrially dominated Carboniferous
to Recent sedimentary rocks. It is also found in many lacustrine sedi-
mentary rocks. Botryococcus-related telalginite is present in concentra-
tions of up to 95% in some torbanite oil shales. The “type” location of
torbanite is Torbane Hill, Scotland.

Tasmanites and related forms have a known stratigraphic range from
Proterozoic to Recent (Peniguel et al., 1989) and occur in high concen-
trations in ‘tasmanite’ oil shale deposits of Tasmania (Permian), Alaska
(Jurassic) and Kentucky (Devonian). Concentrations apparently are de-
posited in littoral environments, but tasmanitid cysts also occur in lesser
concentrations in some widely distributed shelf sediments, such as the
Antrim and Chattanooga Shales of the USA (Cook and Sherwood,
1991) and the Toarcian of Germany (Prauss et al., 1991).

9.1.9. Practical importance

Mainly because of high H/C ratios, telalginite gives a high yield of hy-
drocarbons during pyrolysis. Rock-Eval data show that under conditions
of rapid pyrolysis, Botryococcus-related telalginite can yield from 800 to
1000 mg of hydrocarbon per gram of organic carbon, tasmanitid
telalginite can yield up to 1000 mg HC/g of organic carbon, and
Gloeocapsomorpha-derived telalginite can yield up to 950 mg HC/g of
organic carbon. Where oil shales rich in telalginite are retorted, high

yields are obtained (up to 800-900 l/ton for some torbanites). Coals
rich in telalginite are well-suited for coal liquefaction but resources of
such coals are rare and of limited extent. Under conditions of natural
coalification or maturation, a high proportion of solid residue can be
recognised in samples of higher rank and pyrolysis data may not be a re-
liable guide to liquid yields during maturation under natural conditions.

The presence of Tasmanites or Gloeocapsomorpha is indicative of ma-
rine paleoenvironments. The presence of Botryococcus is commonly in-
dicative of a lacustrine environment, but Botryococcus also occurs in
sediments deposited in marine environments, presumably because the
tests are resistant to degradation during transport.

9.2. Lamalginite (see Fig. 16)

9.2.1. Origin of term

The term alginite B was introduced by Hutton et al. (1980) to distin-
guish thin lamellae of alginite from larger, more strongly fluorescing,
and commonly more structurally distinct alginite A. Cook et al. (1982)
subsequently proposed the term lamalginite to avoid the use of the A/
B terminology.

9.2.2. Etymology
Lam - from lamellar, alginite (Drath, 1939)

9.2.3. Related terms
Collo-alginite (Ginzburg and Letushova, 1976)
Microlamellae (Alpern and Cheymol, 1978)
Leiospheres and microfilamentous alginite (Robert, 1981)
Alginite groups [, I, I1I, IV (Creaney, 1980)
Sapropelinite I, II, algodetrinite (Mukhopadhyay et al., 1985b)
Filamentous alginite (Stasiuk, 1994a, 1994b)
Stromatolitic alginite (Stasiuk et al., 1993; Stasiuk, 1994a, 1994b)

9.2.4. Definition
Lamalginite is alginite that occurs as lamellae typically <0.005 mm in
thickness and generally <0.08 mm in lateral extent.

9.2.4.1. Comment. Felted masses of lamellae may exceed 0.02 mm in thick-
ness and extend laterally for 1 to 2 mm. Lamalginite generally has a ratio of
thickness to length of <0.5. Where abundant, the lamellae tend to have
anastomosing appearance in sections parallel to bedding. In many cases,
apparently continuous layers comprise numerous, small discontinuous la-
mellae. In sections perpendicular to bedding, little structure is generally
evident, as compared with telalginite, but cell structures are present in
some occurrences. In sections parallel with bedding, some lamalginite oc-
currences evidently comprise small rounded bodies that have been flat-
tened. Sufficient botanical detail is preserved in some examples to
permit identification at least to generic level.

Fig. 16. Lamalginite, middle Proterozoic, Macarthur Basin (Australia). Width of field 220 pm.
(Photomicrograph A.C. Cook)
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Note: Compared with telalginite, lamalginite phyterals are smaller,
generally have a greater ratio of length to thickness, and generally exhibit
lower fluorescence intensity; botanical structure is seldom apparent in
sections perpendicular to bedding. Compared with bituminite (see
Section 11), reflectance is lower and fluorescence intensity is much great-
er for lamalginite. Micrinite is not normally present in association with
lamalginite. Lamalginite can appear similar to sporinite or cutinite but,
normally, it shows more intense fluorescence than other macerals (this,
however, is not ubiquitous). If botanical structure is present it can be
used to distinguish lamalginite (algal origin) from sporinite or cutinite
(higher plant origin). An absence of form, however, is not reliable in
terms of inferring an algal origin. Some alginite phyterals have a higher
fluorescence intensity and a larger size than associated lamalginite. Al-
though the fluorescence intensity of these phyterals may fall within the
main range for telalginite, these occurrences in many cases should be
classed as lamalginite, on the basis of size and the length to thickness
ratio. For material transitional between lamalginite and telalginite, classi-
fication should have regard to the characteristics of associated occurrences
of telalginite and lamalginite where identification is unequivocal.

9.2.5. Physical properties

9.2.5.1. Colour and reflectance. In transmitted light, at low ranks,
lamalginite is translucent, typically indistinguishable from clay min-
erals. In reflected white light (bright field, oil immersion) it typically
cannot be resolved and the reflectance is <0.1% in low rank rocks.
Lamalginite has no internal reflections and autofluorescence is not visi-
ble in white light.

9.2.5.2. Fluorescence. In incident fluorescence-mode illumination (UV/vi-
olet/blue light excitation) lamalginite is greenish yellow to orange at
low rank, yellow to orange in the vitrinite reflectance range of 0.6% to
0.9% and dull orange at higher ranks. At low ranks, 1546 normally ranges
from 0.5 to 3 (where Is4¢ = 1 for a masked uranyl glass standard).

Note on changes with maturation: Fluorescence colours and intensi-
ties typically have large ranges at low rank, the ranges being related to
differences in the chemistry of the contributing algae and to early diage-
netic changes. With increasing rank, fluorescence intensity decreases
and a marked red shift occurs in fluorescence spectra. The nature of
these changes for some lamalginite is indicated in more detail by
Hufnagel (1977).

9.2.5.3. Polishing hardness. Lamalginite has moderate polishing hardness,
the positive polishing relief being much less than for telalginite.

9.2.6. Chemical properties
In general, lamalginite has a moderately high H/C and a moderate O/C
atomic ratio in comparison with other liptinite macerals. Chemical

structures are largely aliphatic and hydrocarbon generating potential is
good although in most cases, lamalginite is less aliphatic and has a lower
specific yield than telalginite. Very high H/C values of lamalginite, such
as some reported from Green River Formation oil shales, have been as-
sumed to represent material similar to telalginite in gross chemical com-
position; this, however, might be due to effects of bitumen impregnation
(Hunt, 1996).

Table 5 shows some examples and typical ranges in elemental com-
position for lamalginite at low ranks (minor amounts of other macerals
are present in some of these samples). The bias towards low rank, Paleo-
gene and Neogene samples reflects the ease of access to rocks of this age
that are rich in lamalginite. Similar rocks of higher rank have been en-
countered in boreholes and older rocks rich in lamalginite have also
been recognised but analyses of the organic matter in these rocks
have not been published.

9.2.7. Derivation

Lamalginite consists of the tests of algae. The form most commonly
identifiable in Paleogene and Neogene lamalginite of lacustrine origin is
the planktonic alga Pediastrum but a number of other genera also contrib-
ute to lamalginite (Hutton, 1982). Pediastrum also occurs in lacustrine de-
posits dated back to the Carboniferous. In the case of Green River
Formation, Cyanophyceae may contribute to lamalginite. Chemical evi-
dence suggests a Cyanophyceae origin for some Precambrian occurrences.

Dinoflagellate and acritarch cysts have optical properties generally fall-
ing within the range for lamalginite and are the source of most lamalginite
in marine rocks. Some acritarchs, however, have bright fluorescence and
may have transitional properties to tasmanitid-derived telalginite.

Most lamalginite is demonstrably derived from planktonic algae or is
similar enough to identifiable planktonic material that a planktonic or-
igin is likely. Some of the anastomosing occurrences of lamalginite
could, however, be of benthonic origin.

The form of lamalginite can be influenced by the nature of the min-
eral matrix. The associated mineral matter affects both the appearance
of aggregates of lamalginite and the individual algal bodies. Algal tests
are, for example, less collapsed where preserved in limestone and ag-
gregates tend to be less dense as compared with those in clay-
dominated lithologies. The presence of authigenic minerals can, howev-
er, result in the development of microstylolites which give a more later-
ally continuous appearance to alginite lamellae and result in localised
dense masses of lamalginite.

9.2.8. Occurrence

Lamalginite occurs in rocks ranging from Middle Proterozoic to Re-
cent. Marine sediments typically contain at least some dinoflagellate-
and acritarch-derived lamalginite; this type is a major component of
some facies. It is particularly abundant in some Mesozoic units such as
the Toarcian (Prauss et al., 1991) and Kimmeridgian shales of Europe

Table 5
Elemental composition of various lamalginite macerals.
Lamalginite® occurrence (all Paleogene and Neogene) % By weight dmmf H/C 0/C Reference
C H 0] N S at at
Rundle, QLD, Australia 714 9.2 14.5 2.0 1.6 1.55 0.15 Sherwood (1991)
75.5 9.7 11.0 2.0 1.8 1.55 0.17 Saxby (1980)
77.0 9.8 10.5 1.5 12 15 0.10 Lindner (1983)
Duaringa, QLD 713 94 15.5 1.0 14 16 0.16 Lindner (1983)
733 9.6 17.0 14 14 1.55 0.17 Sherwood (1991)
Byfield, QLD 75.3 9.1 119 2.2 15 145 0.12 Lindner (1983)
Condor, QLD 775 9.1 83 23 25 14 0.08 Lindner (1983)
Parachute Ck Green River Formation, USA” 774 104 6.8 2.3 4.0 1.6 0.06 Sherwood (1991)
76.5 10.0 10.3 0.6 2.6 1.6 0.10 Tissot and Welte (1978, 1984)
Mae Sot, Thailand 79.9 11.3 9.1 1.8 0.3 1.7 0.09 Sherwood (1991)
Typical range 65-80 6-12 7-20 1-3.5 0.3-5.5 13-1.7 0.04-0.18

@ All of the forms listed here relate to lacustrine algae although many of the lake systems were saline. Analyses of marine algae referable to lamalginite are not generally available in spite

of the abundance of lamalginite of marine origin.

> Most occurrences of Green River oil shale include significant amounts of humic material resembling vitrinite and some dispersed bitumens.
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(Cook unpublished), where it is commonly associated with bituminite.
Lamalginite is a prominent component of some of the principal source
sequences for petroleum in the Middle East.

Lamalginite of lacustrine origin is most prominent in Paleogene and
Neogene sequences. It occurs in a number of intermontane basins in
North America, Australia, South East Asia and Europe. Lacustrine-
derived lamalginite is also present in units such as the Purbeck of
Europe and in some of the organic-rich shales from the European Car-
boniferous. Pediastrum-derived alginite has a worldwide distribution
and is especially common in India and the U.S. (Peniguel et al., 1989).

Lamalginite is also a major component of important petroleum
source rocks from West Africa.

9.2.9. Practical importance

Lamalginite is the main source of retort yields of shale oils from the
group of oil shales termed lamosites by Hutton et al. (1980), Cook et al.
(1982) and Cook and Sherwood (1991). Extrapolation of yield versus
lamalginite percentage plots suggests that the specific oil yield on
retorting of lamalginite in low rank Paleogene and Neogene oil shales
is about 240 | per tonne. Rock-Eval data indicate that specific yields of
lamalginite at low ranks typically range from about 500-900 mg of hy-
drocarbons per gram of organic carbon. Although the specific yield is
lower than that of telalginite, lamalginite can occur in thick, extensive
units that represent a significant potential resource of shale oil.

Lamalginite of lacustrine origin is a major component of some types
of petroleum source rocks occurring on some passive rifted margins and
in intermontane basins. Lamalginite of marine origin is also a major
component of oil source rocks.

The presence of Pediastrum is an indication of a freshwater
paleoenvironment (although it can be transported into marine environ-
ments). Many dinoflagellates and acritarchs can be identified to generic
level and can, accordingly, be indicative of marine or non-marine envi-
ronments depending upon the genus.

10. Liptodetrinite (see Fig. 17)
10.1. Origin of term

The term liptodetrinite was introduced by analogy with the terms
humo-, vitro- and inertodetrinite by the Nomenclature Subcommission

of the ICCP in 1971 for a maceral of the liptinite group consisting of ex-
tremely small particles.

10.2. Etymology

Derivation: leiptos (Greek) - to leave behind, to remain, detritus
(latin) - abrasion

Fig. 17. Liptodetrinite and sporinite in low rank coal from the Geiseltal (Germany), Paleo-
gene. Fluorescence mode, width of field 200 pm.
(Photomicrograph W. Pickel)

10.3. Related terms
None
10.4. Definition

Liptodetrinite is a collective term for constituents of the liptinite
group which, because of their finely detrital condition and/or small par-
ticle size, can no longer be assigned with certainty to one or other
macerals of the liptinite group.

10.4.1. Comment

Liptodetrinite may consist of fragments or relicts of the other
liptinite macerals. Moreover, fluorescing constituents of a few pm size,
unknown origin and varying form - rodlets, sharp-edged splinters,
threadlike structures and rounded particles, the latter often only 2-
3 um in diameter belong to liptodetrinite. The size and form of
liptodetrinite particles of low thermal maturity can generally only be
distinguished by the use of fluorescence microscopy.

10.5. Physical properties

10.5.1. Colour and reflectance

In reflected white light liptodetrinite is black, dark gray or dark
brown; in dense layers brown or reddish internal reflections; white, yel-
low, reddish-yellow in transmitted light.

10.5.2. Fluorescence

Fluorescence intensities vary strongly with different colours: green-
ish yellow, citron yellow, yellow, orange and very light brown, depend-
ing on the original material, facies, degree of diagenesis and the
direction of section.

10.5.3. Polishing hardness
Polishing hardness varies depending on the origin of the fragment.

10.6. Chemical properties

Characteristically liptodetrinite, as the various liptinite precursors,
has a relatively high hydrogen content and volatile matter yield.

10.7. Derivation

Liptodetrinite consists of parts of spores, pollen, cuticles, resins,
waxes, cutinized and suberinized cell walls, and particularly algae,
which have been mechanically disintegrated or fractionated after
chemical-microbiological decomposition. Thread-like structures may
be suberinized cell-wall shreds, which can be related to the fine rodlets
of former wax rodlets of fruits or leaves.

10.8. 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 carbonization and for bitumen extraction,
and particularly in the yellow to light brown lithotypes of Eocene coals
of Europe, liptodetrinite is especially strongly concentrated and often
forms the dominant constituent. It occurs concentrated in many sub-
aquatic coals, especially sapropelic coals, liptinite-rich clarite, durite
and trimacerite microlithtypes (Taylor et al., 1998).

10.9. Practical importance
The technological properties of pure liptodetrinite can hardly be de-

termined, because of the difficulties of isolation. It can be inferred from
the behaviour of liptodetrinite-rich lithotypes of brown coal that low-
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temperature tar and low-temperature coke are typical of liptodetrinite.
In extrusion briquetting, liptodetrinitic brown coals tend to expand, but
it is not certain whether this is because of their ‘bituminite”® content or
because of their content of liptodetrinite (Rammler et al., 1964). The
possibility of hydrogenating liptodetrinite is excellent; its sensitivity to
oxidation is very low. The strength of coal is most probably increased
by the presence of layers of liptodetrinite. However, liptodetrinite prob-
ably behaves technologically similar to the other (original) macerals of
the liptinite group.

11. Bituminite (see Fig. 18)
11.1. Origin of term

In 1975 the ICCP introduced the term bituminite for a maceral of the
liptinite group in lignite, which is characterized by its lack of definite
shape. Whereas the coal maceral bituminite was defined by
Teichmiiller (1974) (see also Stach et al., 1975, 1982), the name
bituminite for an unfigured autochthonous maceral of the liptinite
group, occurring in petroleum source rocks, had already been used by
M. Teichmiiller (1971, 1974).

11.2. Etymology

Bitumen (Latin) = mineral pitch, asphalt

11.3. Related terms

Unfigured bitumen, partly (Teichmdiller, 1950)

Fine detrital polymerbitumen, partly (Jacob, 1952a, 1952b, 1960)

Amorphous bitumen (Diessel, 1961)

Amorphinite (van Gijzel, 1979, 1980)

Colloalginite (Ginzburg and Letushova, 1976)

Gels algaires et bactériens (Alpern, 1980)

Lamelles noir-rougeatres or bituminite (Alpern and Cheymol, 1978)

Bitumodispersinit (Malan, 1980)

Sapropelic groundmass, partly (Robert, 1981)

Amorphous material (Masran and Pocock, 1981)

Bacterial liptinite (Gutjahr, 1983)

Alginite-collinite + sapropelic-collinite (Timofeev and Bogolyubova,
1981)

Sapropelinite (Mukhopadhyay et al., 1985a, 1985b)

Vitrinite-like material (Glikson and Taylor, 1986)

Prebitumen (Wehner and Hufnagel, 1986; Jacob and Hiltmann,
1988)

Bituminite in rocks other than coal, partly (ICCP, 1993)

11.4. Definition

Bituminite is a liptinite-group maceral, which occurs either as a fine-
granular groundmass or as laminae, irregular streaks, wisps, flaser,
pods, thrads, bands and elongated lenses with vein-like appearance,
fine disseminations as seen in perpendicular sections or as more ho-
mogenous, diffuse, equidimensional particles of various shape in hori-
zontal sections in lignite and bituminous coals and in sedimentary
rocks.

11.4.1. Comment

At low ranks bituminite appears dark gray, brown to black in
reflected white light. In fluorescence mode, bituminite displays varying
intensities or no fluorescence.

3 Note: ‘bituminite’ as quoted here from ICCP (1971) is not equivalent to the maceral
bituminite of section 11, but refers to an amorphous material in lignite as described by
Rammler et al. (1964).

K66_000:

Fig. 18. Bituminite, white reflected light (top) and blue light excitation (bottom). Lias
epsilon, (Germany).
(Photomicrograph Jolanta Kus)

11.4.1.1. Form. Bituminite has no specific or distinct form. It occurs as au-
tochthonous material as stringers or irregular lenses in the bedding and/
or as a groundmass for other macerals and for minerals. Streak and
thread forms are <2 pm up to 200 um long and <2 um up to 4 um
thick. Lenses, flaser and pods are <2 pm up to 10 pm long and <2 um
up to 4 um thick. In some cases stringers, streaks, threads or other
forms may coalesce to either well recognised bands or a fine network
or a groundmass. In some rich oil shales bituminite occurs as thin layers.
Bituminite may surround and include “impurities” of minerals giving
rise to internal reflections in reflected white light and/or other macerals,
mainly corroded algal remnants (Creaney, 1980) and liptodetrinite
(Teichmiiller and Ottenjann, 1977). Under the electron microscope
(TEM-method) bituminite (Toolebuc oil shale, Australia) appears light
gray (low electron density), loosely packed, granular or sponge-like,
sometimes with filamentous organisms between (Glikson and Taylor,
1986).

11.4.1.2. Internal structure. The internal structure of bituminite may vary
between homogenous, streaky, sometimes fluidal and finely granular,
the structure typically being visible often only under excitation with
blue or violet light. The fine granules appear often diffuse and blurred.
Because bituminite is a product of variable organic matter, which has
undergone alteration and/or degradation (see Section 11.7, Derivation),
its optical properties, especially fluorescence, may vary relatively wide-
ly. For this reason, different types of bituminite can be distinguished in
individual source rocks, e.g., bituminite I, Il and III in the Liassic
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Posidonia Shale of Germany (Teichmiiller and Ottenjann, 1977; Loh
et al,, 1986), bituminite I and II in the Cretaceous Boundary Creek For-
mation of the Beaufort-Mackenzie-Basin (Creaney, 1980), the non-
defined amorphinites A, B and C of van Gijzel (1980), bituminite I, II
and III in various source rocks of Gormly and Mukhopadhyay (1983),
Mukhopadhyay et al. (1983), Rullkotter et al. (1984a, 1984b, 1984c)
and sapropelinites I, Il of Mukhopadhyay et al. (1985a, 1985b). In the
Posidonia Shale of Germany (and other oil shales) bituminite of types
Il and III is very rare. Bituminite II is distinguished from bituminite I by
its much larger size (lenses of up to 1 mm length and 0.4 mm width),
and by a negative alteration when irradiated with blue light. Bituminite
Il fluoresces yellowish or reddish brown and sometimes shows oil ex-
pulsions when irradiated. As with all bituminite types, the very rare
bituminite III of the Posidonia Shale is dark gray under reflected white
light. Bituminite III is distinguished by a finely granular structure and
by lack of fluorescence. It is often associated with faunal relics.

11.4.2. Note

The submicroscopic organic substances, which are adsorbed or in-
corporated on or in minerals (“lipoid substances of the mineral-
bituminous groundmass” of Teichmiiller and Ottenjann (1977), “matrix
bituminite” of Creaney (1980), “matrix of amorphous organic matter” =
“AOM” of van Gijzel (1981)) and which attracts attention only through
certain fluorescence properties of the mineral matrix, does not belong to
the maceral bituminite because, according to the definition in the Inter-
national Handbook of Coal Petrography (1975), “ a maceral is a micro-
scopically recognizable individual constituent, which does not contain
any mineral substances resolvable with the light microscope”. The
“amorphous” fraction of kerogen concentrates contains the insoluble
part of bituminite together with the non-soluble part of the submicro-
scopic organic matter of the mineral matrix.

11.4.2.1. Historical background. According to H. Potonié (1920)
“bituminite” is a general term for rocks which are especially rich in bitu-
men, i.e., which belong to the sapropelites. The name “bituminite” was
used in former times by Szadecky-Kardoss (1949) and Malan (1965)
synonymously with the maceral group liptinite. Hamrla (1956) used
the term bituminite for an “unfigured” maceral of the liptinite group oc-
curring in the sub-bituminous coals of the Karst region in Istria where
part of this maceral fills cracks and fissures.

In 1975 the ICCP introduced the term bituminite for a maceral of the
liptinite group in lignite, which is characterized by its lack of definite
shape. Whereas the coal maceral bituminite was defined by M.
Teichmiiller in 1974 (see also Stach et al., 1975, 1982), the name
bituminite for an unfigured autochthonous maceral of the liptinite
group, occurring in petroleum source rocks, had already been used by
M. Teichmiiller in 1971 and has been applied since then by many au-
thors, inter alia by Altebdumer (1983), Bustin et al. (1985), Cook
(1982, 1986), Creaney (1980), Creaney et al. (1985), von der Dick
et al. (1983), Gormly and Mukhopadhyay (1983), Hutton et al. (1980),
Kantsler (1980), Littke and Rullkoétter (1987), Loh et al. (1986), Malan
(1980), McKirdy et al. (1984), Mukhopadhyay et al. (1979, 1983),
Powell et al. (1982), Robert (1979, 1981), Rullkdtter et al. (1982,
1984a, 1984b, 1984c), Sherwood and Cook (1986), Spackman et al.
(1976), Stach et al. (1975, 1982), Takahashi (1977), Teichmiiller and
Ottenjann (1977) and Teichmiiller and Wolf (1977).

The name bituminite indicates the bituminous character of this
maceral, which gives high yields of soluble bitumen and volatile matter,
as well as of tar (Hutton et al., 1980) and of hydrocarbons (Powell et al.,
1982).

11.5. Physical properties
11.5.1. Colour and reflectance

Under reflected white light (bright-field, oil immersion), bituminite
is dark brown (internal reflections at low levels of maturity), dark gray,

sometimes almost black. Under polarized light (crossed polars) the col-
our is black and easily distinguishable from the mineral matrix at low
rank.

In transmitted light bituminite is orange, red or brown in thin
sections.

The reflectance is markedly lower than reflectance of vitrinite, vari-
able according to type and rank. Values are given by Alpern (1980) for
the marine Toarcian oil shale of France (Rr = 0.10-0.15%, corresponding
to a vitrinite reflectance of R, = 0.46%). Cook (1982) and Sherwood and
Cook (1986) measured R, = 0.2% for bituminite of the marine Creta-
ceous oil shales of the Toolebuc Formation, Australia (vitrinite R, =
0.5%). Glikson and Taylor (1986) report values of R, = 0.3% for
bituminite (vitrinite-like material) against R, = 0.5% for vitrinite.

11.5.2. Fluorescence

Under reflected blue light fluorescence colours range from pale yel-
low, pale orange, light to dark brown depending on type and rank
(Teichmiiller and Ottenjann, 1977; Creaney, 1980; Sherwood and
Cook, 1986). In the vitrinite reflectance range R, = 0.5-0.8%, bituminite
is dark brown with reddish tint (Posidonia Shale) with loss of fluores-
cence at R, = 0.8-0.9%. Some varieties do not fluoresce in the immature
stage (bituminite IIl of Teichmiiller and Ottenjann, 1977; Sherwood and
Cook, 1986). At higher maturity, bituminite becomes difficult to identi-
fy, as its fluorescence disappears and the reflectivity passes to medium
gray similar to vitrinite (Alpern et al., 1993).

At high maturity, bituminite may become micronized displaying ag-
gregation of very small (<1 um) bodies (Wallace, 1998).

The alteration of bituminite may vary according to rank and type,
but strong positive alteration is characteristic of low-rank bituminite,
type I. Higher-rank varieties show a weak positive alteration
(Sherwood and Cook, 1986).

11.5.3. Polishing hardness

The polishing hardness is low for bituminite I of Teichmiiller and
Ottenjann (1977) and Creaney (1980). Bituminite is distinctly softer
than sporinite. It can be very difficult to polish since it smears in the
polishing process, especially at low rank (Stach et al., 1982).

11.5.4. Density

Barron et al. (1987) measured density values of 1.20-1.30 g/cm> on
bituminite concentrates from a Devonian oil shale of Kentucky (vitrinite
density = 1.28-1.35 g/cm>).

It is probably very low in lignite, since bituminite-rich coals have an
especially low specific gravity (Taylor et al., 1998).

11.6. Chemical properties

At low rank the chemical properties of bituminite vary according to
the different types, but a high hydrogen content, a high H/C ratio and
high yields of tar and soluble bitumen are characteristic. Oil shales rich
in bituminite usually contain type Il organic matter on the H/C:0/C dia-
gram (Tissot and Welte, 1984), as was shown, e.g., by the atomic ratio of
bituminite concentrates from a Devonian oil shale of Kentucky (Barron
etal, 1987).

On the basis of a comparison between chemical and organic petro-
logical analyses of kerogen concentrates of bituminite I, Powell et al.
(1982) obtained data confirming a high H/C atomic ratio and a high
yield of hydrocarbons formed during pyrolysis. Moreover, these authors
found a relatively low pristane/phytane-ratio, pointing to an anoxic de-
positional environment.

11.7. Derivation
Bituminite is a degradation product of various organic precursors

formed under predominantly anoxic and suboxic conditions. Presumed
source materials are algae, faunal plankton, bacterial bodies and bodies
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of higher animals (fish, crayfish, etc.). An assumption of this kind of par-
ent matter is supported by the chemical properties of bituminite
(e.g., Powell et al., 1982), by experiments of artificial maturation (pyrol-
ysis) of algae and bacteria (Lijmbach, 1975) and by the main occurrence
of bituminite in marine and lacustrine petroleum-source rocks. Cook
(1982) suggested a genesis of bituminite from algal-fungal mats grow-
ing on the surface of the sediment near the oxic-anoxic boundary, sim-
ilar to algal-fungal mats found at present in the Santa Barbara Basin
according to Kauffman (1981). Ramsden (1983) suggested that
Coccolithophoridaceae could be a source material for the bituminite in
the Toolebuc Formation oil shales, since he found abundant fragmented
coccoliths in the mineral matrix of this oil shale (Sherwood and Cook,
1986) (see also Glikson and Taylor, 1986). Coccoliths are also very abun-
dant in the Posidonia Shale of Germany (Miiller and Blaschke, 1969; Loh
et al., 1986). As discussed from Pennsylvanian oil source rocks (Oklaho-
ma, USA), Littke (1993) suggested that bituminite could be also a prod-
uct from the precipitation of humic acids, which originated from peat
deposits underlying these sediments. According to Gutjahr (1983)
bituminite (“bacterial organic matter”) is considered to be of bacterial
origin. According to McKirdy et al. (1984) bituminite of Cambrian car-
bonate source rocks in South Australia (Officer Basin) represents algal
and cyanobacterial organic matter that has been extensively degraded
and resynthesized by anaerobic bacteria. On the basis of electron micro-
scopical methods (TEM and SEM), Glikson and Taylor (1986) regard
bituminite (“vitrinite-like material”) in the Toolebuc oil shale of
Australia as the product of cyanobacterial (Oscillatoria-like) mats
formed in an oxygenated water layer. The great abundance of coccoliths
remains and of planktonic foraminifera in the same oil shale, likewise,
indicates oxygenated water layers. But the high concentrations of or-
ganic matter and pyrite testify to highly anoxic conditions at the sedi-
ment surface, i.e., sapropelic conditions. Similarly Loh et al. (1986)
considered bituminite as the remnant of microbial mats, but formed at
the sediment surface lying at or below the redox boundary. Wehner
and Hufnagel (1986) attributed bituminite (their “prebitumen”) to
“marine snow”, flocculent amorphous macroscopic components of the
nearshore epipelagic water, which was inhabited by various kinds of
“microorganisms”. The faecal pellets of zooplankton contain only 1-4%
organic carbon (Porter and Robbins, 1981). Therefore it is unlikely
that they are precursors of bituminite (as suggested by some authors).

In source rocks belonging to kerogen type III (Tissot et al., 1974) and
coals, bituminite may have assimilated degradation products of humic
origin, in the same way as may bituminite in coals. According to
Masran and Pocock (1981) “amorphous material” may be derived
from either marine or terrestrial sources, although most of it was
formed in a marine environment with reduced oxygen supply.

11.8. Occurrence

Bituminite is a characteristic maceral of many oil shales and oil
source rocks, especially of marine and lacustrine source rocks of kerogen
type II, e.g., the Posidonia Shale or Toarcian of Western Europe
(Teichmiiller and Ottenjann, 1977; Alpern and Cheymol, 1978), the
Kimmeridge Shale of the North Sea (Gutjahr, 1983), the Antrim Shale
of Michigan, the Chattanooga Shale of Kansas (USA), the Toolebuc oil
shales of the Eromanga Basin in north-east Australia (Glikson and
Taylor, 1986; Sherwood and Cook, 1986) and Cambrian carbonate
source rocks of South Australia (McKirdy et al., 1984).

Bituminite is generally associated with the macerals alginite and
liptodetrinite, sometimes also with fish remains (Teichmiiller and
Ottenjann, 1977; Sherwood and Cook, 1986; Loh et al., 1986). Transi-
tions from corroded alginite to bituminite are reported by Creaney
(1980) and Gormly and Mukhopadhyay (1983). On the basis of a similar
mode of occurrence (and the suggested similar origin from “algal or bac-
terial mats”) Loh et al. (1986) assumed a genetic relationship between
lamalginite and bituminite in the Posidonia Shale of Germany. Some
very rich oil-source rocks (e.g., Kimmeridge Shale of the North Sea and

the Triassic Fish Shale of Seefeld, Tyrol), contain layers of pure
bituminite. Bituminite is generally associated with abundant framboidal
pyrite, pointing to bacterial reworking (by sulphate reduction) of the di-
gestible organic matter (Gutjahr, 1983; Teichmiiller and Ottenjann,
1977; Glikson and Taylor, 1986; McKirdy et al., 1984; Sherwood and
Cook, 1986; Loh et al., 1986). In the Toolebuc Formation of the
Eromanga Basin (Australia), studied by Sherwood and Cook (1986),
bituminite constitutes 10 to 40% of the oil shales. Glikson and Taylor
(1986) stress the close association of bituminite and calcite in the
Toolebu oil shales.

Bituminite is heavily concentrated in the bright/pale lithotypes of
lignite, especially in the deposits of Eocene “Weichbraunkohlen” (soft
brown coal) used for low temperature carbonization in Germany. It is
extremely concentrated in pyropissite (a nonasphaltic pyrobitumen
consisting mainly of water, humic acids, wax and silica. It is a source
of montan wax). It is usually accompanied by relatively high propor-
tions of liptodetrinite, sporinite, and resinite, for which it forms the
groundmass in the bright lignite strata. There it is also found as the con-
tents of root casings. Furthermore, bituminite is a characteristic maceral
of sapropel coal, in which it also exists as the basic groundmass for other
liptinite macerals (especially alginite) and the macerals of the inertinite
group (e.g., in the boghead deposits of lower Carboniferous lignite in the
Moscow Basin).

11.9. Changes during maturation

With increasing degree of diagenesis the reflectance of bituminite
rises and the fluorescence intensity decreases. The fluorescence colour
of bituminite types with originally yellow or orange colours shifts to
the red. At a vitrinite reflectance of R, = 0.8-0.9% fluorescence is lost.
During maturation (“oil window”) hydrocarbons are generated from
bituminite, leaving highly reflecting relics, mostly micrinite, as
dehydrogenated residual products (Teichmiiller and Ottenjann, 1977;
Teichmdiller and Wolf, 1977; Gormly and Mukhopadhyay, 1983; Cook,
1982; Gutjahr, 1983; Sherwood and Cook, 1986; Loh et al., 1986;
Littke and Rullkotter, 1987). Sherwood and Cook (1986) describe
“micrinitization of bituminite” as a prominent feature in the Cretaceous
Toolebuc Formation oil shale from central and north-east Australia. Loh
et al. (1986) consider the bituminite type III (which does not fluoresce
and is often associated with faunal remains) as a highly coalified form
of bituminite I and II. According to Littke and Rullkétter (1987), hydro-
carbon generation from bituminite in the Posidonia Shale is almost
complete at a vitrinite reflectance of R, = 0.9%. In the same oil shale
micrinitization of bituminite I is complete at a vitrinite reflectance of
R, = 1.3%.

According to Gutjahr (1983) and Masran and Pocock (1981) oil gen-
eration from bituminite begins at lower rank levels than from telalginite
(e.g., Botryococcus, Tasmanites). The same is assumed by Sherwood and
Cook (1986). In the Toarcian oil shale of France, oil generation from
bituminite begins at a bituminite reflectance of R; = 0.3%, correspond-
ing to a vitrinite reflectance of R, = 0.5% (Alpern, 1980); in Australian
oil shales it starts at a vitrinite reflectance of R, = 0.4%, reaches its max-
imum between R; = 0.5% and 0.8% and ends at about R, = 0.9% (“oil
death line”) (Cook, 1982).

11.10. Practical importance

Bituminite is an important maceral of many oil shales, other oil-
source rocks and some coals, together with the submicroscopic lipoid
substances of the mineral matrix, the main source material for low-
temperature tar (obtained up to 400-600 °C) and crude oil, respectively.
According to Powell et al. (1982), “the presence of bituminite I in excess
of 10% of the organic matter is clearly indicative of a potential
petroleum-source rock”. Also other authors (Sherwood and Cook,
1986; Masran and Pocock, 1981; Gutjahr, 1983; Loh et al., 1986)
found that bituminite (or “structureless organic matter”) “possesses
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excellent hydrocarbon source characteristics” (Masran and Pocock,
1981). The high bituminite content of the lower part of the Posidonia
Shale in Germany has made this part the “main target in the search
for shale oil” (Loh et al., 1986). Mukhopadhyay et al. (1979) stated
that bituminite (“sapropelinite II") is the characteristic maceral of the
most abundant source rock for liquid hydrocarbons in nature. According
to Sherwood and Cook (1986), the Cretaceous Toolebuc source rock of
Queensland, which is very rich in bituminite, yields about 200 mg hy-
drocarbons per gram organic carbon, although part of the bituminite
is already in the stage of micrinitization, i.e., natural oil generation is
occurring.

Acknowledgements

This classification is the result of long discussions among ICCP mem-
bers. The authors would like to thank all ICCP members, who contribut-
ed to these discussions over the years.

Input from the members of the “Identification of Dispersed Organic
Matter Working Group”: Kus, J., Araujo, C.V, Borrego, A.G., Flores, D.,
Mendonga Filho, J.G., Hackley, P.C., Hamor-Vidor, M., Kalaitzidis, S.,
Kommeren, C.J., Kwiecifiska B., Mastalerz M., Menezesl T.R., Misz-
Kennan, M., Nowak G., Petersen, H.I., Rallakis, D., Suarez-Ruiz, 1.,
Sykorova, I, Zivoti¢ D. is greatly appreciated.

Monika Wolf was a driving force in introducing and setting up the
ICCP System 1994 and the publication of the vitrinite and inertinite clas-
sifications. One of the collaborators in this compilation, Walter Pickel,
wants to especially thank her not only for her contributions to the
ICCP System 1994 and organic petrology in general during her working
life; without her guidance he would not have the slightest idea what the
above pages are about. Thank you.

References

Alpern, B., 1980. Pétrographie du kérogéne. In: Alpern, B., Durand, B. (Eds.), Kerogen In-
soluble Organic Matter From Sedimentary Rocks. Editions Technip, Paris,
pp. 339-371.

Alpern, B., Cheymol, D., 1978. Réflectance et fluorescence des organoclastes du Toarcien
du Bassin de Paris en fonction de la profondeur et de la température. Rev. Inst. Fr. Pét-
rol. 33, 515-535.

Alpern, B., Lemos de Sousa, M.J., Pinheiro, HJ., Zhu, X., 1993. Detection and evaluation of
hydrocarvons in source rocks by fluorescence microscopy. Org. Geochem. 20,
789-795.

Altebdumer, A.M., 1983. Geochemische Untersuchungen zur Klarung des Einflusses der
Fazies sowie der primdren Migration auf Menge und Zusammensetzung des
organischen Materials im Flo6z Katharina (Westfal A) und in den hangenden
Schiefertonen (Westfal B) im Ruhrgebiet. PhD Thesis. Rheinisch-Westfaelische
Technische Hochschule Aachen 305 pp.

Ammosov, LI, 1956. New methods of coal petrography. Studies of the Laboratory of Coal
Geology 6, Moscow (Russian).

Barron, LS., Robl, T.L., Taulbee, D.N., 1987. Organic petrography and chemistry of density-
concentrated macerals of an Upper Devonian Black Shale from Kentucky. Abstracts of
4th Annual Meeting of the Society for Organic Petrology, San Francisco, California, 30
September-3 October 1987. 27.

Beyer, H., Walter, W., 2004. Lehrbuch der organischen Chemie. 24 ed. Hirzel.

Bustin, R.M., Cameron, A.R,, Grieve, D.A., Kalkreuth, W.D., 1985. Coal petrology, its princi-
ples, methods and applications. Geological Association of Canada, Short Course Notes
3, second ed. Victoria, British Columbia.

Cabrera, L., Hagemann, H.W., Pickel, W., Saez, A., 1995. The coal-bearing, Cenozoic As Pon-
tes Basin (northwestern Spain): geological influence on coal characteristics. Int.
J. Coal Geol. 27, 201-226.

Cook, A.C., 1982. Organic facies in the Eromanga Basin. In: Moore, P.S., Mount, T.J. (Eds.),
Eromanga Basin Symposium. Geological Society of Australia and Petroleum Explora-
tion Society of Australia, Summary papers, pp. 234-257.

Cook, A.C,, 1986. The nature and significance of the organic facies in the Eromanga Basin.
In: Gravestock, D.I, Moore, P.S., Pitt, G.M. (Eds.), Contributions to the Geology and
Hydrocarbon Potential of the Eromanga Basin 12. Geological Society of Australia, Spe-
cial Publication, pp. 203-219.

Cook, A.C., Sherwood, N.R., 1991. Classification of oil shales, coals, and other organic rich
rocks. Org. Geochem. 17, 211-222.

Cook, A.C., Hutton, A.C,, Sherwood, N.R,, 1982. Alginite nomenclature. Letter to MOD Com-
mission of the International Committee for Coal Petrology, April 1982.

Creaney, S., 1980. The organic petrology of the Upper Cretaceous Boundary Creek forma-
tion, Beaufort-Mackenzie Basin. Bull. Can. Petrol. Geol. 28, 112-119.

Creaney, S., Allchurch, D.M,, Jones, ].M., 1985. Vitrinite reflectance variation in northern
England. Compte Rendue IX Congrés International de Stratigraphie et de Géologie
du Carbonifére, Champaign-Urbana 1979. 4, pp. 583-589.

Crelling, J.C., Kruge, M.A., 1998. Petrographic and chemical propertis of carboniferous
resinite from the Herrin No. 6 coal seam. Int. J. Coal Geol. 37, 55-71.

Dai, S.F., Han, D., Chou, C.L., 2006. Petrography and geochemistry of the Middle Devonian
coal from Luquan, Yunnan Province, China. Fuel 85, 456-464.

Diessel, C.FK., 1961. Zur Kenntnis der Bildungsweise des Flozes Katharina im
niederrheinisch-westfdlischen Steinkohlebecken. Bergbau-Archiv 22, 57-82.

Drath, A,, 1939. Badania petrograficne boghedu z kopalni Radzionkow. G'orny Slask 21.
Institut de Géologie du Pologne Bulletin, pp. 1-82.

Dunning, H.N., 1963. Geochemistry of organic pigments. In: Breger, I.A. (Ed.), Organic
Geochemistry. Oxford, Pergamon, pp. 367-430.

Eckhardt, C.B., 1989. Organisch-geochemische Untersuchungen am Kupferschiefer
Nordwestdeutschlands. Ph. D. Thesis RWTH Aachen 392 pp.

Francis, W., 1961. Coal: Its Formation and Composition. Edward Arnols, London.

Ginzburg, AL, Letushova, L.A., 1976. Use of chemical and petrographic methods for inves-
tigating oil shales exemplified by the Novo-Dmitrovsk deposit of the Ukraine. Lithol.
Miner. Resour. 11, 450-460.

Glikson, M., Taylor, G.H., 1986. Cyanobacterial mats: major contributors to the organic
matter in Toolebuc Formation oil shales. In: Gravestock, D.I, Moore, P.S., Pitt, G.M.
(Eds.), Contributions to the Geology and Hydrocarbon Potential of the Eromanga
Basin. Geological Society of Australia, Special Publication 12, pp. 273-286.

Gormly, J.R., Mukhopadhyay, P.K., 1983. Hydrocarbon potential of kerogen types by
pyrolysis-gas chromatography. Adv. Org. Geochem. 10, 597-606.

Guo, Y., Bustin, R.M., 1998. Micro-FTIR spectroscopy of liptinite macerals in coal. Int. . Coal
Geol. 36, 259-275.

Gutjahr, C.C.M., 1983. Introduction to incident-light microscopy of oil and gas source
rocks. In: van der Berg, M.W., Felix, R. (Eds.), Special Issue in the Honour of ].D. deJong
62. Geologie en Mijnbouw, pp. 417-425.

Hagemann, H.W., Pickel, W., 1991. Characterization of Upper Cretaceous coals from
Enugu (Nigeria) related to bitumen generation and mobilization. Org. Geochem. 17,
839-847.

Hamrla, M., 1956. On the conditions of origin of the coal beds in the karst rocks. Diss. Uni-
versity Ljubljana (English Abstract), pp. 253-264.

Harris, T.M., 1938. The British Rhaetic flora. British Museum of Natural History S.I. IX,
pp. 1-84.

Hodgson, G.W.,, Strosher, M., Casagrande, D.J., v. Gaertner, H.R., 1972. Geochemistry of
porphyrins: analytical oxidation to maleimides. In: Wehner, H. (Ed.), Advances in Or-
ganic Geochemistry, pp. 151-161.

Hufnagel, H., 1977. Das Fluoreszenz-verm gen der Dinoflagellaten-Cysten - ein
Inkohlungsparameter? Geol. Jahrb. 23, 59-65.

Hunt, ].M., 1996. Petroleum Geochemistry and Geology. second ed. Freeman and Co, San
Francisco.

Hutton, A.C., 1982. Organic petrology of oil shales. PhD Thesis. University of Wollongong
519 pp.

Hutton, A.C,, Kantsler, AJ., Cook, A.C., McKirdy, D.M., 1980. Organic matter in oil shales.
Australian Petroleum Exploration Association Journal 20, 44-68.

International Committee for Coal Petrology (ICCP), 1963. International Handbook of Coal
Petrography. second ed. CNRS. Academy of Sciences of the USSR, Paris, Moscow.
International Committee for Coal Petrology (ICCP), 1971. International Handbook of Coal
Petrography. Supplement to 2nd ed. CNRS. Academy of Sciences of the USSR, Paris,

Moscow.

International Committee for Coal Petrology (ICCP), 1975. International Handbook of Coal
Petrography. 2nd Supplement to 2nd ed. CNRS, Paris.

International Committee for Coal Petrology (ICCP), 1993. International Handbook of Coal
Petrography. 3rd Supplement to 2nd ed. University of Newcastle upon Tyne, England.

International Committee for Coal Petrology (ICCP), 1998. The new vitrinite classification
(ICCP System 1994). Fuel 77 (5), 349-358.

International Committee for Coal Petrology (ICCP), 2001. The new inertinite classification
(ICCP System 1994). Fuel 80, 459-471.

ISO 11760, 2005. Classification of Coals 9 pp.

Jacob, H., 1952a. Fortschritte auf dem Gebiet der Braunkohlen-Lumineszenz-Mikroskopie.
4, Bergakademie, pp. 337-347.

Jacob, H., 1952b. Petrographische Untersuchungen zur Frage des Bitumens von
Weichbraunkohlen. 4. Bergakademie, pp. 457-466.

Jacob, H., 1960. Lagerstdttenkundliche Untersuchungen zur Frage des Braunkohlen-
Bitumens. 77. Geologisches Jahrbuch Reihe, pp. 615-644.

Jacob, H., 1961. Uber bitumindse Schiefer, humose Tone, Brandschiefer und dhnliche
Gesteine. Ein Beitrag zur Frage der Erdodlgenesis aus kohlenpetrographischer Sicht
14. Erdol u. Kohle, pp. 2-11.

Jacob, H., Hiltmann, W., 1988. Disperse, feste Erdélbitumina als Maturitdts - Indikatoren
im Rahmen der Erddl-/Erdgas-Prospektion. Geologisches Jahrbuch Reihe D 89
pp. 3-37.

Jurasky, KA., 1935. Kutikular-Analyse. Biol. Generalis 11 pp. 1-26.

Kantsler, AJ., 1980. Aspects of organic petrology with particular reference to exinite group
of macerals. In: Cook, A.C., Kantsler, AJ. (Eds.), Oil Shale Petrology Workshop. Wol-
longong, Australia, pp. 16-41.

Kauffman, E.G., 1981. Ecological reappraisal of the German Posidonienschiefer (Toarcian)
and the stagnant basin mode. In: Gray, J., Boucot, A.JW., Berry, B.N. (Eds.), Communi-
ties of the Past. Ross Publ. Co., Pennsylvania, pp. 311-381.

Khorasani, G.K., 1987. Novel development in fluorescence microscopy of complex organic
mixtures: application in petroleum geochemistry. Org. Geochem. 11, 157-168.

Khorasani, G.K., Murchison, D.G., 1988. Order of generation of petroleum hydrocarbons
from liptinitic material with increasing maturity. Fuel 67, 1160-1162.

Kolattukudy, P.E., 1980. Biopolyester membranes of plants: cutin and suberin. Science
208, 990-1000.

Kruge, M.A., Stankiewicz, B.A,, Crelling, ].C., 1993. Aspects of organic geochemistry and pe-
trology of kerogen and coal macerals. Org. Geochem. 15, 281-289.


http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0005
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0005
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0005
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0010
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0010
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0010
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0015
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0015
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0015
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0020
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0020
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0020
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0020
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0020
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0025
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0025
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0030
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0030
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0030
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0030
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0035
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0040
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0040
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0040
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0045
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0045
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0045
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0050
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0050
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0050
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0055
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0055
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0055
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0055
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0060
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0060
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0065
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0065
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0070
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0070
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0075
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0075
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0075
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0080
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0080
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0085
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0085
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0090
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0090
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0095
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0095
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0100
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0100
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0105
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0105
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0110
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0115
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0115
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0115
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0120
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0120
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0120
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0120
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0125
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0125
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0130
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0130
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0135
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0135
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0135
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0140
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0140
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0140
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0145
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0145
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0150
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0150
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0155
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0155
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0155
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0160
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0160
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0165
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0165
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0170
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0170
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0175
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0175
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0180
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0180
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0185
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0185
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0185
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0190
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0190
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0195
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0195
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0200
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0200
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0205
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0205
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0210
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0215
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0215
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0220
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0220
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0225
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0225
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0230
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0230
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0230
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0235
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0235
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0235
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0240
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0245
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0245
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0245
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0250
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0250
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0250
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0255
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0255
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0260
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0260
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0265
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0265
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0270
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0270

60 W. Pickel et al. / International Journal of Coal Geology 169 (2017) 40-61

Legg, V.H., Wheeler, R.V., 1926. The composition of coal: plant cuticles in coal. Safety Min.
Pap. 17 10 pp.

Lijmbach, G.W.M,, 1975. On the origin of petroleum. Proceedings of the 9th World Petro-
leum Congress. 2, pp. 357-369.

Lindner, AW., 1983. Geology and geochemistry of some Queensland Tertiary oil shales.
In: Miknis, F.P., McKay, J.F. (Eds.), Geochemistry and Chemistry of Oil Shales.
American Chemical Society, Washington, pp. 97-118.

Littke, R., 1993. Deposition, diagenesis, and weathering of organic matter-rich sediments.
Lecture Notes in Earth Science 47. Springer Verlag, Berlin.

Littke, R., Rullkotter, J., 1987. Mikroskopische und makroskopische Unterschiede
zwischen Profilen unreifen und reifen Posidonienschiefers aus der Hilsmulde. Facies
17,171-180.

Loh, H., Maul, B., Prauss, M., Riegel, W., 1986. Primary production, maceral formation and
carbonate species in the Posidonia Shale of NW Germany. Mitteilungen aus dem
Geologisch-Paldontologischen Institut der Universitdt 60. SCOPE/UNEP Sonderband,
pp. 397-421.

Malan, O., 1965. Zur Problematik der quantitativen
Braunkohlenanalyse. Freib. Forsch. C. 189, 185-201.

Malan, 0., 1980. Petrological investigation of dispersed organic matter (MOD) in deep
bore Tobolka 1. Folia Musei Rerum Naturalium Bohemiae Occidentalis, Geologica
15, 3-51.

Masran, T.C., Pocock, S.AJ., 1981. The classification of plant-derived particulate organic
matter in sedimentary rocks. In: Brooks, E. (Ed.), Organic Maturation Studies and Fos-
sil Fuel Exploration. Academic Press, London - New York, pp. 145-175.

Mastalerz, M., Bustin, R.C., 1997. Variations in the chemistry of macerals in coals of the
Mist Mountain Formation, Elk Valley coalfield, British Columbia, Canada. Int. J. Coal
Geol. 33, 43-59.

McKirdy, D.M., Kantsler, A.J., Emmett, ].K., Aldridge, A.K., 1984. Hydrocarbons genesis and
organic facies in Cambrian carbonates of the eastern Officer Basin, South Australia. In:
Palacas, J.G. (Ed.), Petroleum Geochemistry and Source Rock Potential of Carbonate
Rocks 18. AAPG Studies in Geology.

Metcalfe, C.R., Chalk, L., 1957. Anatomy of Dicotyledons. Oxford Univ. Press, Oxford.

Mukhopadhyay, P.K., Hagemann, H.W., Hollerbach, A., Welte, D.H., 1979. The relation be-
tween organic geochemical and petrological parameters of coal in Indian coal basins.
Energy Sources 4, 313-328.

Mukhopadhyay, P.K., Rullkétter, J., Welte, D.H., 1983. Facies and diagenesis of organic
matter in sediments from the Brazil Basin and Rio Grande Rise. Deep Sea Drilling Pro-
ject Leg 72. In: Barker, P.F., Carlson, R]., Johnson, D.A. (Eds.), Deep Sea Drilling Project
72, Initial Reports DSDP 72. US Government Printing Office, pp. 821-828.

Mukhopadhyay, P.K., Samanta, U., Jassal, J., 1985a. Origin of oil in lagoon
environment-desmocollinite/bituminite source rock concept. Compte Rendu 4,
753-763.

Mukhopadhyay, P.K., Hagemann, HW., Gormly, ].R.,, 1985b. Characterization of kerogens
as seen under the aspect of maturation and hydrocarbon generation. Erdol, Kohle,
Erdgas, Petrochem. 38, 7-18.

Miiller, G., Blaschke, R., 1969. Zur Entstehung des Posidonienschiefers (Lias €).
Naturwissenschaften 56, 635.

Murchison, D.G., Jones, ].M., 1963. Properties of the coal macerals: elementary composi-
tion of resinite. Fuel 42, 141-158.

Neavel, R.C., Miller, L.V., 1960. Properties of cutinite. Fuel 39, 217-222.

Nip, M., de Leeuw, JW.,, Crelling, ].C., 1992. Chemical structure of of bituminous coal and
its constituent maceral fractions as revealed by flash pyrolysis. Energy Fuel 6,
125-136.

Peniguel, G., Couderc, R., Seyve, C., 1989. Les microalgues actuelles et fossiles-intéréts
stratigraphique et pétrolier. Bull. Centres Rech. Explor. Prod. Elf-Aquitaine 13,
455-482.

Pickel, W., Gotz, G.KE., 1991. Investigations on the petroleum generation potential of bi-
tuminous coals from the Saar region. Org. Geochem. 17, 695-704.

Pickel, W., Wolf, M., 1989. Kohlenpetrographische und geochemische Charakterisierung
von Braunkohlen aus dem Geiseltal (DDR). Erdol, Kohle, Erdgas, Petrochem. 42,
481-484.

Porter, K.G., Robbins, E.I, 1981. Zooplankton fecal pellets link fossil fuels and phosphate
deposits. Science 212, 931-933.

Potonié, H., 1920. Die Entstehung der Steinkohle und der Kaustobiolithe tiberhaupt. sixth
ed. Borntraeger Berlin 233 pp.

Potonié, R., Rehnelt, K., Stach, E., Wolf, M., 1970. Zustand der Sporen in den Kohlen
‘Sporinit’. Fortschr. Geol. Rheinl. Westfalen 17, 461-498.

Powell, T.G., Foscolos, A.E., Gunther, P.R.,, Snowdon, LR., 1978. Diagenesis of organic mat-
ter and fine clay minerals: a comparative study. Geochim. Cosmochim. Acta 42,
1181-1197.

Powell, T.G., Creaney, S., Snowdon, L.R., 1982. Limitations of the use of organic petro-
graphic techniques for identification of petroleum source rocks. American Association
of Petroleum Geologists]->Bull. Am. Assoc. Pet. Geol. 66, 430-435.

Prauss, M., Ligouis, B., Luterbacher, H., 1991. Organic matter and palynomorphs in the
‘Posidonienschiefer’ (Toarcian, Lower Jurassic) of Southern Germany. In: Tyson,
R.V., Pearson, T.H. (Eds.), Modern and Ancient Continental Shelf Anoxia 58. Geological
Society Special Publication, pp. 335-351.

Querol, X., Cabrera, L., Pickel, W., Lopez-Soler, A., Hagemann, H.W., Fernandez-Turiel, J.,
1996. Geological controls on the coal quality of the Mequinenza sub-bituminous
coal deposit, northeast Spain. Int. J. Coal Geol. 29, 17-91.

Rahmad, B., Notosiswoyo, A., Anggayana, K., Widodo, S., Widayat, A.H., 2013. The Role of
Friedelin to Predict the Genesis of Muara Coal, East Kalimantan, Indonesia. Journ. Of
Novel Carbon Resources Sciences 7. Kyushu University Global COE Program,
pp. 60-67.

Rammler, E., Siiss, M., Peetz, G., Sontag, E., 1964. Untersuchungen von petrographisch
definierten Kohlenproben aus vollstandigen Flozprofilen der Tagebaue Kleinleipisch

petrographischen

und Klettwitz auf Brikettier-und Verkokungseigenschaften. Freiberg. Forschungsh.
A. 336, 1-93.

Ramos, E., Cabrera, L., Hagemann, HW., Pickel, W., Zamarreno, I., 2001. Palaeogene lacus-
trine record in Mallorca (NW Mediterranean, Spain): depositional, palaeogeographic
and palaeoclimatic implications for the ancient southeastern Iberian margin.
Palaeogeogr. Palaeoclimatol. Palaeoecol. 172, 1-37.

Ramsden, AR., 1983. Classification of Australian oil shales. Australia]->]. Geol. Soc. Aust.
30, 17-23.

Robert, P., 1979. Classification des matiéres organiques en fluorescence. Application aux
roches-méres pétroliéres. Bull. Centres Rech. Explor. Prod. Elf-Aquitaine 3, 223-263.

Robert, P., 1981. Classification of organic matter by means of fluorescence; application to
hydrocarbon source rocks. Int. J. Coal Geol. 1, 101-137.

Rullkétter, J., von der Dick, J., Welte, D.H., 1982. Organic petrology and extractable hydro-
carbons of sediments from the Gulf of California, Deep Sea Drilling Project Leg 64. In:
Curray, J.R., Moore, G. (Eds.), Initial Reports DSDP 64. US Government Printing Office,
pp. 837-853.

Rullkétter, ], Mukhopadhyay, P.K., Hartung, B., Welte, D.H., 1984a. Geochemistry and pe-
trography of organic matter in Cretaceous sediments from southeastern Gulf of
Mexico, Deep Sea Drilling Project Hole 535 preliminary results. In: Buffler, R.T.,
Schlager, W. (Eds.), Initial Report of the Deep Sea Drilling Project, Leg 77. US Govern-
ment Printing Office, pp. 489-493.

Rullkétter, J., Mukhopadhyay, P.K., Schaefer, R.G., Welte, D.H., 1984b. Geochemistry and
petrography of the organic matter in sediments from Deep Sea Drilling Project Sites
545 and 547, Mazagan Escarpment. In: Hinz, K., Winterer, E.L., Baumgartner, P.O.,
Bradshaw, M., Channell, J.E.T., Jaffrezo, M., Jansa, L.F., Leckie, R.M., Moore, J.N.,
Rullkotter, J., Schaftenaar, C., Steiger, T.H., Vuchev, Y., Wiegand, G.E. (Eds.), Initial Re-
port of the Deep Sea Drilling Project Leg 79. US Government Printing Office,
pp. 775-806.

Rullkétter, J., Mukhopadhyay, P.K., Welte, D.H., 1984c. Geochemistry and petrography of
organic matter in sediments from Hole 530A, Angola Basin, and Hole 532, Walvis
ridge, deep sea drilling project. In: Hay, W.W., Sibuet, J.-C., Eric, Barron, J., Brassell,
S., Dean, W.E., Hue, A.Y., Keating, B.H., McNulty, C.L.,, Meyers, P.A., Nohara, M.,
Schallreuter, R.E., Steinmetz, J.C., Stow, D., Stradner (Eds.), Initial Reports of the
Deep Sea Drilling Project 75. US Government Printing Office, pp. 1069-1087.

Saxby, ].D., 1980. Organic geochemistry of oil shales. In: Cook, A.C., Kantsler, AJ. (Eds.), Oil
Shale Petrology Workshop. Wollongong, Australia, pp. 63-69.

Schneider, W., 1969. Cuticulae dispersae aus dem 2. Lausitzer Fléz (Miozdn) und ihre
fazielle Aussage. Freiberg. Forsch.-H. Geol. C242, 9-75.

Seyler, C.A., 1943. Recent progress in the petrology of coal. J. Inst. Fuel 16, 134-141.

Shaw, G., 1971. The chemistry of sporopollenin. In: Brooks, J., et al. (Eds.), Sporopollenin.
Academic Press, London, New York, pp. 305-350.

Sherwood, N., 1991. Oil shales. PhD Thesis Volume 1 and Volume 2. University of
Wollongong.

Sherwood, N.R., Cook, A.C., 1986. Organic Matter in the Toolebuc Formation. 12. Geolog-
ical Society of Australia Special Publication, pp. 255-265.

Sitte, P., Weiler, E.W., Kadereit, ].W., Bresinsky, A., Korner, C., 2002. Strassburger. Lehrbuch
der Botanik fuer Hochschulen. Spektrum Akadem. Verlag, Stuttgart.

Soos, L., 1963. Uber das sogenannte dunkle Harz der tertiiren Kohlen, insbesondere
Ungarns. Ann. Univ. Sci. Budapest 6. Sect. Geol, pp. 129-151.

Spackman, W., Davis, A., Mitchell, G.D., 1976. The fluorescence of liptinite macerals.
Brigham Young University Geology Studies. 22, pp. 59-75.

Spears, D.A., Borrego, A.G., Cox, A., Martinez-Tarazona, R.M., 2007. Use of laser ablation
ICP-MS to determine trace element distribution in coals, with special reference to
V, Ge and AL Int. J. Coal Geol. 72, 165-176.

Stach, E., 1935. Lehrbuch der Kohlenpetrographie. Gebriider Borntrager, Berlin.

Stach, E., 1952. Heutiger Stand der genetiachen Deutung der Kohlengefiigebestandteile.
2. Proc. CR. 3. Congr. Int. Strat. Geol. Carbonifére, pp. 585-590.

Stach, E., 1966. Der Resinit und seine biochemische Inkohlung. Fortschr. Rhld. u. Westf.
13, 921-968.

Stach, E., Mackowsky, M.-T., Teichmiiller, M., Taylor, G.H., Chandra, D., Teichmiiller, R.,
1975. Stach's Textbook of Coal Petrology. Gebriider Borntrager, Berlin - Stuttgart.

Stach, E., Mackowsky, M.-T., Teichmiiller, M., Taylor, G.H., Chandra, D., Teichmiiller, R.,
1982. Coal Petrology. Gebriider Borntrager, Berlin - Stuttgart.

Stasiuk, L.D., 1994a. Fluorescence properties of Palaeozoic oil-prone alginite in relation to
hydrocarbon generation, Williston Basin, Saskatchewan, Canada. Mar. Pet. Geol. 11,
219-231.

Stasiuk, L.D., 1994b. Oil-prone alginite macerals from organic-rich Mesozoic and
Palaeozoic strata, Saskatchewan, Canada. Mar. Pet. Geol. 11, 208-218.

Stasiuk, L.D., Kybett, B.D., Bend, S.L., 1993. Reflected light microscopy and micro-FTIR of
Upper Ordovician Gloeocapsomorpha prisca alginite in relation to paleoenvironment
and petroleum generation, Saskatchewan, Canada. Org. Geochem. 20, 707-719.

Stopes, M., 1935. On the petrology of banded bituminous coals. Fuel 14, 4-13.

Sun, X.G., 2002. The optical features and hydrocarbon-generating model of barkinite from
Late Permian coals in South China. Int. ]. Coal Geol. 51, 231-261.

Sykorova, I, Pickel, W., Christanis, K., Wolf, M., Talor, G.H., Flores, D., 2005. Classification of
huminite - ICCP System 1994. Int. J. Coal Geol. 62, 85-106.

Szadecky-Kardoss, E., 1949. Uber Systematik und Umwandlung der Kohlengemengteile.
Mitteilungen Berg- und Hiittenmann Abstract. 17. Universitdt Technisch und
Wissenschaftliche, Sopron, pp. 176-193.

Takahashi, R., 1977. Charaktereigenschaften von einigen japanischen Kohlen unter dem
Fluoreszenzmikroskop. Science Reports. Kyushu University, Series D, Geology,
pp. 243-247.

Taylor, G.H., Teichmiiller, M., 1993. Observations on fluorinite and fluorescent vitrinite
with the transmission electron microscope (TEM). Int. J. Coal Geol. 22, 61-82.

Taylor, G.H., Teichmiiller, M., Davis, A., Diessel, C.F.K, Littke, R., Robert, P., 1998. Organic
Petrology. Borntrdger, Berlin, Stuttgart.


http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0275
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0275
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0280
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0280
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0285
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0285
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0285
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0290
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0290
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0295
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0295
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0295
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0300
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0300
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0300
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0300
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0305
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0305
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0310
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0310
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0310
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0315
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0315
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0315
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0320
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0320
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0320
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0325
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0325
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0325
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0325
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0330
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0335
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0335
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0335
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0340
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0340
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0340
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0340
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0345
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0345
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0345
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0350
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0350
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0350
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0355
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0355
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0360
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0360
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0365
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0370
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0370
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0370
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0375
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0375
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0375
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0380
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0380
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0385
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0385
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0385
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0390
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0390
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0395
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0395
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0400
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0400
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0405
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0405
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0405
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0410
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0410
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0410
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0415
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0415
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0415
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0415
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0420
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0420
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0425
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0425
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0425
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0425
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0430
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0430
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0430
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0430
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0435
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0435
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0435
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0435
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0440
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0440
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0445
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0445
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0450
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0450
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0455
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0455
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0455
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0455
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0460
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0460
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0460
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0460
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0460
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0465
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0465
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0465
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0465
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0465
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0465
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0465
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0470
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0470
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0470
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0470
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0470
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0470
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0475
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0475
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0480
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0480
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0485
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0490
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0490
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0495
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0495
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0500
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0500
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0505
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0505
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0510
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0510
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0515
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0515
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0520
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0520
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0520
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0525
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0530
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0530
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0535
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0535
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0540
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0545
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0550
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0550
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0550
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0555
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0555
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0560
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0560
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0560
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0565
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0570
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0570
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0575
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0575
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0580
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0580
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0580
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0585
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0585
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0585
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0590
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0590
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0595
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0595

W. Pickel et al. / International Journal of Coal Geology 169 (2017) 40-61 61

Tegelaar, E.W., Horsefield, B., De Leeuw, J.W., 1989. Insoluble, non hydrolysable highly al-
iphatic biopolymers from algal cell walls and vascular plant cuticules and barks as
source of n-alkanes in crude oils. AAPG Bull. 73, 418.

Teichmiiller, M., 1950. Zum petrographischen Aufbau und Werdegang der Weichbraunkoble
(mit Berticksichtigung genetischer Fragen der Steinkohlenpetrographie). Geol. Jahrb. 64,
429-488.

Teichmiiller, M., 1952. Vergleichende mikroskopische Untersuchungen versteinerter
Torfe des Ruhrkarbons und der daraus entstandenen Steinkohlen. C.R. 3 Congr. Int.
Congr. Strat. Geol. Carbonifere (Heerlen 1951), pp. 607-613.

Teichmiiller, M., 1971. Anwendung kohlenpetrographischer Methoden bei der Erdoel und
Erdgasprospektion. Erdol, Kohle, Erdgas, Petrochem. 24, 69-76.

Teichmiiller, M., 1974. Uber neue Macerale der Liptinit-Gruppe und die Entstehung von
Micrinit. Fortschr. Geol. Rheinl. Westfalen 24, 37-64.

Teichmiiller, M., Ottenjann, K., 1977. Art und Diagenese von Liptiniten und lipoiden
Stoffen in einem Edolmuttergestein auf Grund fluoreszenzmikroskopischer
Untersuchungen. Erdol, Kohle, Erdgas, Petrochem. 30, 387-398.

Teichmiiller, M., Thomson, P.W., 1958. Vergleichende mikroskopische und chemische
Untersuchungen der wichtigsten Fazies-Typen im Hauptfl6z der niederrheinischen
Braunkohle. Fortschr. Geol. Rheinl. Westfalen 2, 573-598.

Teichmiiller, M., Wolf, M., 1977. Application of fluorescence microscopy in coal petrology
and oil exploration. J. Microsc. 109, 49-73.

Timofeev, P.P., Bogolyubova, L., 1981. Organic matter in Cretaceous “black shales” from
the Atlantic and Pacific Oceans and their relation to the problem of oil and gas forma-
tion. Bull. Centres Rech. Explor. Prod. Elf-Aquitaine 5, 575-600.

Tissot, B.P., Welte, D.H., 1978. Petroleum Formation and Occurrence. first ed. Springer-
Verlag, Berlin.

Tissot, B.P., Welte, D.H., 1984. Petroleum Formation and Occurrence. second ed. Springer-
Verlag, Heidelberg.

Tissot, B.P., Durand, B., Espitalié, ]., Combaz, A., 1974. Influence of nature and diagenesis of
organic matter in formation of petroleum. American Association of Petroleum Geolo-
gists]->Bull. Am. Assoc. Pet. Geol. 58, 499-506.

Toprak, S., 2013. Petrographical properties of a semi-precious coal stone, Oltu stone from
Eastern Turkey. Int. J. Coal Geol. 120, 95-101.

Tyson, RV., 1995. Sedimentary Organic Matter: Organic Facies and Palynofacies. Chapman
and Hall, London 615pp.

van Gijzel, P., 1979. Manual of the techniques and some geological applications of fluores-
cence microscopy. American Association of Stratigraphic Palynologists, 12 Annual
Meeting Workshop, Dallas.

van Gijzel, P., 1980. Characterisation and identification of kerogen and bitumen and de-
termination of thermal maturation by means of qualitative and quantitative micro-
scopical techniques. How to Assess Maturation and Paleotemperature, Short
Course. Society of Economic Paleontologists and Mineralogists, Denver, pp. 159-214.

van Gijzel, P., 1981. Applications of the geomicrophotometry of kerogen, solid hydrocar-
bons and crude oils to petroleum exploration. In: Brooks, J. (Ed.), Organic Maturation
Studies and Fossil Fuel Exploration. Academic Press, San Francisco, pp. 351-377.

van Krevelen, D.W., 1993. Coal: Typology - Chemistry - Physics - Constitution. third ed.
Elsevier, The Netherlands.

von der Dick, H., Rullkatter, J., Welte, D.H., 1983. Content, type, and thermal evolution of
organic matter in sediments from the eastern Falkland Plateau, Deep Sea Drilling Pro-
ject, Leg 71. In: Ludwig, W.J., Krasheninnikov, V.A., Wise Jr., SW. (Eds.), Initial Reports
DSDP 71(2). US Government Printing Office, Washington D.C., pp. 1015-1032.

Wallace, G.D., 1998. Organic geochemistry of Cretaceous, Jurassic, and Triassic shales from
the northwestern Delong Mountains, Western Brooks Range, Alaska, 1994-1997.
State of Alaska, Department of Natural Resources Division of Geological, Geophysical
Surveys, PUBLIC-DATA FILE. 98-35, pp. 1-181.

Wan Hasiah, A., 1997. Evidence of early generation of liquid hydrocarbon from suberinite
as visible under the microscope. Org. Geochem. 27, 591.596.

Wan Hasiah, A., 2003. Coaly source rocks of NW Borneo: role of suberinite and bituminite
in oil generation and expulsion. Bull. Geol. Soc. Malaysia 47, 153-163.

Wang, S., Tang, Y., Shobert, H.H,, Jiang, D., Guo, X., Huang, F., Guo, Y., Su, Y., 2014. Chemical
compositional and structural characteristics of Late Permian bark coals from Southern
China. Fuel 126, 116-121.

Wehner, H., Hufnagel, H., 1986. Some characteristics of the inorganic and organic compo-
sition of oil shales from Jordan. Mitteilungen aus dem Geologisch-Paldontologischen
Institut der Universitdit Hamburg. SCOPE/UNEP H.60, pp. 381-395.

Weyland, H., 1960. Kritische Untersuchungen zur Kutikularanalyse tertiaerer Blaetter.
Blatt V. Palaeontographica, B. 106, pp. 1-10.

Zhong, N.N., Smyth, M., 1997. Striking liptinitic bark remains peculiar to some Late Perm-
ian Chinese coals. Int. J. Coal Geol. 33, 333-349.


http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0600
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0600
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0600
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0605
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0605
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0605
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0610
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0610
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0610
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0615
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0615
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0620
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0620
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0625
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0625
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0625
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0630
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0630
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0630
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0635
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0635
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0640
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0640
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0640
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0645
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0645
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0650
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0650
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0655
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0655
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0655
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0660
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0660
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0665
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0665
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0670
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0670
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0670
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0675
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0675
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0675
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0675
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0680
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0680
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0680
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0685
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0685
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0690
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0690
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0690
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0690
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0695
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0695
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0695
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0695
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0700
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0700
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0705
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0705
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0710
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0710
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0710
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0715
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0715
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0715
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0720
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0720
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0725
http://refhub.elsevier.com/S0166-5162(16)30677-2/rf0725

	Classification of liptinite – ICCP System 1994
	1. Introduction
	2. Liptinite
	2.1. Origin of term
	2.2. Etymology
	2.3. Related terms
	2.4. Definition
	2.4.1. Comment
	2.4.2. Note

	2.5. Physical properties
	2.5.1. Colour and reflectance
	2.5.2. Fluorescence

	2.6. Chemical properties
	2.7. Derivation
	2.8. Occurrence
	2.9. Practical importance

	3. Cutinite (see Figs. 1, 2, 3)
	3.1. Origin of term
	3.2. Etymology
	3.3. Related terms
	3.4. Definition
	3.4.1. Comment
	3.4.2. Note

	3.5. Physical properties
	3.5.1. Colour and reflectance
	3.5.2. Fluorescence

	3.6. Chemical properties
	3.7. Derivation
	3.8. Occurrence
	3.9. Practical importance

	4. Suberinite (see Figs. 4, 5)
	4.1. Origin of the term
	4.2. Etymology
	4.3. Related terms
	4.4. Definition
	4.4.1. Comment

	4.5. Physical properties
	4.5.1. Colour and reflectance
	4.5.2. Fluorescence

	4.6. Chemical properties
	4.7. Derivation
	4.8. Occurrence
	4.9. Practical importance

	5. Sporinite (see Figs. 6, 7, 8)
	5.1. Origin of term
	5.2. Etymology
	5.3. Related terms
	5.4. Definition
	5.4.1. Comment

	5.5. Physical properties
	5.5.1. Colour and reflectance
	5.5.2. Fluorescence
	5.5.3. Polishing hardness

	5.6. Chemical properties
	5.7. Derivation
	5.8. Occurrence
	5.9. Practical importance

	6. Resinite (see Figs. 9, 10)
	6.1. Origin of term
	6.2. Etymology
	6.3. Related terms
	6.4. Definition
	6.4.1. Comment
	6.4.2. Note

	6.5. Physical properties
	6.5.1. Colour and reflectance
	6.5.2. Fluorescence
	6.5.3. Polishing hardness

	6.6. Chemical properties
	6.7. Derivation
	6.8. Occurrence
	6.9. Practical importance

	7. Exsudatinite (see Figs. 11, 12)
	7.1. Origin of term
	7.2. Etymology
	7.3. Related terms
	7.4. Definition
	7.4.1. Comment

	7.5. Physical properties
	7.5.1. Colour and reflectance
	7.5.2. Fluorescence
	7.5.3. Polishing hardness

	7.6. Chemical properties
	7.7. Derivation
	7.8. Occurrence
	7.9. Practical importance

	8. Chlorophyllinite see Figs. 1, 13)
	8.1. Origin of term
	8.2. Etymology
	8.3. Related terms
	8.4. Definition
	8.4.1. Comment

	8.5. Physical properties
	8.5.1. Colour and reflectance
	8.5.2. Fluorescence

	8.6. Chemical properties
	8.7. Derivation
	8.8. Occurrence
	8.9. Practical importance

	9. Alginite
	9.1. Telalginite (see Figs. 14, 15)
	9.1.1. Origin of term
	9.1.2. Etymology
	9.1.3. Related terms
	9.1.4. Definition
	9.1.4.1. Comment

	9.1.5. Physical properties
	9.1.5.1. Colour and reflectance
	9.1.5.2. Fluorescence
	9.1.5.3. Polishing hardness

	9.1.6. Chemical properties
	9.1.7. Derivation
	9.1.8. Occurrence
	9.1.9. Practical importance

	9.2. Lamalginite (see Fig. 16)
	9.2.1. Origin of term
	9.2.2. Etymology
	9.2.3. Related terms
	9.2.4. Definition
	9.2.4.1. Comment

	9.2.5. Physical properties
	9.2.5.1. Colour and reflectance
	9.2.5.2. Fluorescence
	9.2.5.3. Polishing hardness

	9.2.6. Chemical properties
	9.2.7. Derivation
	9.2.8. Occurrence
	9.2.9. Practical importance


	10. Liptodetrinite (see Fig. 17)
	10.1. Origin of term
	10.2. Etymology
	10.3. Related terms
	10.4. Definition
	10.4.1. Comment

	10.5. Physical properties
	10.5.1. Colour and reflectance
	10.5.2. Fluorescence
	10.5.3. Polishing hardness

	10.6. Chemical properties
	10.7. Derivation
	10.8. Occurrence
	10.9. Practical importance

	11. Bituminite (see Fig. 18)
	11.1. Origin of term
	11.2. Etymology
	11.3. Related terms
	11.4. Definition
	11.4.1. Comment
	11.4.1.1. Form
	11.4.1.2. Internal structure

	11.4.2. Note
	11.4.2.1. Historical background


	11.5. Physical properties
	11.5.1. Colour and reflectance
	11.5.2. Fluorescence
	11.5.3. Polishing hardness
	11.5.4. Density

	11.6. Chemical properties
	11.7. Derivation
	11.8. Occurrence
	11.9. Changes during maturation
	11.10. Practical importance

	Acknowledgements
	References


