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ABSTRACT

Singh A & Misra BK 1999. Fluorescence microscopic investigations of the main lignite seam from the
Neyveli Lignitefield. Tamil Nadu. India. Palaeobotanist 48(2) : 155-162.

The organic (maceral) composition of the main lignite seam encountered in bore-holes NLE-27. 35
and 36 from mine III of Neyveli Lignitefield has been investigated under fluorescence mode (blue light
excitation). The lignites are of sub-bituminous C stage (R max. 0.39% ASTM classification) and predomi­
nate in the huminite group of macerals followed by tho~e of the liptinite and inertinite groups. Liptinite
macerals. viz" liplodetrinite. bituminite. chlorophyllinite and various forms of resinite and perhydrous
huminite. usually indistinct under normal mode. are recognized and more information about their characters
and mode of occurrences has been presented. The data generated have led to a more detailed understanding
of the source material, swamp type. and genesis of Neyveli main lignite seam.

Key-wards-Petrology. Fluorescence. Neyveli lignite. Tertiary.
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INTRODUCTION

NEYVELI Lignitefield, extending in iln area of <:tbout 480
sq. km between the latirudes 11 ° 15' : 11 °40' Nand

longitudes 79°25' : 79°40' E in the State ofT<:tmii Nadu, is the
largest mining lignitefield of India with an estimated reserve
of about 3,300 million tonnes. The lignite occurs in and around
village Neyveli in South Arcot Basin or Ariyalur-Pondicherry
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sub-basin of the Cauvery milin Basin.

In the areil, the Precambrian metamorphic rocks (schists
ilnd gneisses) form the basement over which lies a sedimell­
tilry sequence of AriYillur Group (Late Cretaceous). The Cre­
taceous rocks (fossiliferous limestones, calcareous sandstones
and madstones) are unconformably overlain by the Tertiary
sediments. The Cuddalore Formation (M io-Pliocene), contain­
ing the lignite deposit, tops the sequence and is in turn cov­
ered completely by recent alluvium (Text-figure I: for det~tils

refer Gowrisankaran CI al., 1987; Singh CI al.. 1992).

The Cuddalore Formation comprises aiteillating beds or
sandstone, clayey sandstone, sandy clay, carbonaceous clay.
besides a thick lignite seam- the main seam in its upper part.
The seam is encountered at a depth of about 40 to 150 m

below ground level. Its thickness varies between 6 to 27 III

and it tends to split into two or three (sometimes more) seams
towards southern and western periphery of the area. There are
few local and uneconomic se<:tll1s overlying the main se<:tm.
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Text-figure I-A g~ncralizccl lithological ,uccession or the Neyveli
Lignitefleld. Tamil Nadu (not 10 scale).

Text-figure 2-A Map showing mining blocks in Ncyvcli Lignilelield "nd
location or investigated bore-holes NLE-27. 35 and 36.

PLATE 1
(All photomicrographs were takcn on polished surl'ace uncler incidelll blue light excitation using oil immersion)

Fluorescing (perhydrous) huminite associated with liplOd~trinite.

ca x 400.
2. Suberinile (suberinil~d cell walls). CJ x 400.

3 Cutinite showing epidermal cells ,md stomata. Note elongated cuticular
ledge, in oblique section at thc boltom. ca x 400.

4. Resil1lte I'illed in cell lumina. ca x 600.

5. Resinite- single elongated body lluOl'escing with yellowish-bmwn
colour, ca x 400.

6. Sporinite- a trilete and a monolelc spores. Ca x 600.
7. Alginite (BolrvococclIs). cn x 700.
8. Chlorophyllinite Iluorescing with red cololll' inside the leal' tissuc.

ca x 800.
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Stupendous information on palaeobotanical constituents
of the Neyvel i Iignite has been gathered since lalter part of the
1950 (for detail references see Singh et af., 1992) . The data
accumulated have been potentially used to interpret
palaeotloristics and palaeoclimate of the deposit. However,
the studies on petrological constituents of lignites, much use­
ful to understand the process of coalification and the genesis
of the organic deposit. started during the late sixties (Navale,
1968). The available information on petrology of Neyveli lig­
nite is mainly based on incident white light microscopy
(Navale. 1971; Navale & Misra, 1980; Singh et of.. 1992;
Singh & Singh. 1993)

A considerable advancement in the microscopic tech­
niques during recent years necessitates the assessment of lig­
nite deposit by newer techniques. The fluorescence
microscopy, a better and more reliable method to evaluate and
to assess the hydrogen-rich macerals (Iiptinites and perhydrous
or fluorescing huminite) in particular, has been used presently
and the information gathered on liptinite macerals has been
utilized for a critical evaluation of the lignites.

MATERIAL AND METHOD

Thirty-nine core samples (37 lignite and 2 lignitic clay)
from three bore-holes NLE-27 (25.0 m lignite), NLE-35 (5.85
m lignite) and NLE-36 (7.50 m lignite and 6.20 m Iignitic
clay) from mine 1lI of Neyveli Lignitefield (Text-figure 2),
obtained through the courtesy of the Geological Survey of
India, have been used for the present study. The samples col­
lected vertically (approximately metre by metre) represent the
main lignite seam in different sections. The distribution of
lignite and lignitic clay beds encountered in the three bore­
holes are shown in lithologs (Text-figure 3).

The samples were crushed (± 1-2 mm grain size) and
particulate pellets were prepared by cold embedding using
epoxy resin and hardner in a ratio of 5: I at room temperature.
The fluorescence microscopic investigations were can'ied out
under violet-blue light excitation (Filter block H3: 420-490
nm) on Leitz MPV-3 unit using 150 Watt ultra high pressure
Xenon lamp as a source of illumination, 25x NPL Fluorar oil
objectives with 0.75 numerical aperture and fluorescence free
immersion oil following the recommendations oflCCP (1971,
1975). By using automatic point counter (James-Swift Model
F), 500 counts per sample have been counted for quantitative
assessment of various fluorescing and non-fluorescing
macerals. The results are expressed as volume per cent (vol.
%) on mineral matter-free (m.mJ.) basis. The descriptive ter­
minology for fluorescing macerals is given by Swch et al.
(1982) and Misra and Navale (1992).

MICROSCOPIC OBSERVATION

Of the three main maceral groups of lignite- huminite,
liptinite and inertinite (fCCP, 1971, 1975), the fluorescence is

shown mainly by relatively hydrogen-rich liptinite macerals.
A fraction of huminite designated as fluorescing or perhydrous
huminite (=f1uorescing or perhydrous vitrinite in bituminous
coals) fluoresces with low intensity. On the contrary, the
macerals of inertinite group do not fluoresce at all.

Huminite Group

The huminite maceral fluoresces with yellowish-brown
to dark brown colours when it is associated with very small
fluorescing particles of liptinite group (PI. I, fig. I). The
perhydrous huminite generally forms the groundmass for other
macerals. Fluorescing huminite appears low reflecting and
spongy in nature under normal incident light.

Liptinite Group

The macerals of Iiptinite group fluoresce with wide range
of colours (green to red) and intensities depending on their
chemical composition and stage of maturity.

Sporillite-It incorporates angiospermic pollen and
pteridophytic spores. It exhibits dull and dark yellow, brown­
ish-yellow, yellowish-brown and reddish-brown fluorescence
colours. The outer wall of pollen and spores is invariably
brighter than the inner wall. The outer wall also contain orna­
mentation by which the genera are identified. In sectional view,
the lumina of spores-pollen appear dark (PI. I, fig. 6). The
sporinites are either well-preserved or broken, degraded and
in granular forms.

Sliberillite-The maceral fluorescing with brownish-yel­
low to yellowish-brown colours incorporates periderm and
covering of fruits and roots. It generally occurs as tabular
multicellular thick or thin bands (PI. I, fig. 2) but sometimes
it is represented by a few-celled fragments or shreds.

elltillite-It incorporates outer covering of leaves, shOOlS
and thin stems, etc. Cutinite is easily recognized by cuticular
ledges (cutin between the walls of the epidermis). In surface
view it exhibits underlying polygonal epidermal cells. Both
tenui- (thin) and crassicutinites (thick) have been recorded.
Generally the first type fluoresces with brown to reddish-brown
colours, whereas the second type fluoresces with brownish­
yellow colour with relatively higher intensity. Cutinite with
well-preserved cuticular ledges and stomatal structures have
also been observed (PI. I, fig. 3).

Algilliff-It is mostly represented by the algae
80tryococc/l5 which is formed by numerous unicellular algae
arranged radially in groups. Its colonies have been found ei­
ther discretely or in groups (PI. I, fig, 7). In most cases it is
well-preserved and is recognized by the cup-shaped openings.
Degraded and broken, but still identifiable specimens have
also been observed. Alginite emits bright yellow and orangish­
yellow fluorescence colours with higher intensities in com­
parison (0 other liptinite macerals.
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MACERAL COMPOSITION
(Table I, Text-figure 4)

Bore-hole NLE-27-The lignite seam encountered in
this bore-hole is dominated by the hUlllinile (65.8-88.2%) fol­
lowed by liptinite (10-33%) and inertinite (0.2-2.8%). The
huminite includes a high proportion of non-fluorescing

Table i-Maceral composition (mean and range, under fluores­
cence mode) in the main lignite seam sections of Neyveli
Lignitefield.

logical decomposition and degree of diagenesis.

Billllllillite-A secondary maceral fluorescing with dull
yellow colour. Mostly it is found as groundmass 1'01' other
macerals in Neyveli lignite and rarely as small spongy gran­
ules inside the cells lumina emitting light of very low inten­
sity. 'Mineral bituminite', that is the fluorescing groundmass
formed by close association of mineral and bituminite is guite
significant in lignitic clay bed.

Besides the preceding liptinite macerals, illulticellular
spindle shape Iluorescing bodies in association with cutinite
have also been recorded. These bodies, occurring discretely
or in a chain, fluoresce with yellow, orangish-yellow and
brownish-yellow colours with moderately high [0 low
intensities. Source of origin of these fluorescing bodies is yet
to be confirmed (Singh & Misra. 1998).
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Texl-ligure 3-Core logs showing lignite seam and associaled sedimeJ1ls
along wilh position of samples in bore-holes NLE-27. 35 and 36.

Resinile-lt occurs as circular. sub-circular. elongated
and irregular bodies either discretely (PI. I, fig. 5) or in rows
or groups. The latter are mostly cell-filling resinile aquiring
the shapes of cell lumina (PI. 1, fig. 4). The resinite exhibits
widest range of fluorescence colours. viz., yellowish-green,
greenish-yellow, pale, deep and orangish-yellow, yellowish­
brown, reddish-brown, and greyish-brown. The fluorescence
intensity generally varies between low to modermely high.

Chlorophyllinile-It fluoresces with red colour and is oc­
casionally observed inside the leaf tissues (PI. I. fig. 8) and
also as disperse small panicles. The blood-red colour of the
chlorophyllinite easily distinguishes it from the other liptinite
macerals.

LiplOdetrinite-AII the detrital and unidentifiable liptinite
macerals consisting the fragments or relics of sporinite.
cutinite. resinite. suberinite. alginite. etc. constitute
liptodetrinite which fluoresces with different colours and
intensities. The fluorescence colour and intensity of
liptodetrinite depend upon original material, chemical or bio-

Bore-hole NLE-27 NLE-35 NLE-36

No. of samples 23 6 8

MJcerals:

Fluorescing huminite 6.5 90 4.4
0.0-21.2 2.8-25.8 1.0-13.8

Non-fluorescing hUlllinite 74.4 63.9 64.6
59.0-87.0 436-78.6 49.8-83.4

TOlal hllminite 809 73.0 69.0
658-88.2 66.8-83.4 52.6-88.8

Sporinile 0.1 0.1 0.1
0.0-0.6 0.0-0.6 0.0-0.4

Clitinite + Suberinite 1.0 1.3 1.3
0.0-5.6 00-6.4 0.0-8.2

Resinite 8.1 7.5 5.1
1.4-20.4 4.4-11.0 1.2-16.2

Liptodetrinile 6.4 13.6 20.6
2.0-18.0 4.6-21.6 10.4-31.2

Unidentified fluorescing 0.8 0.8 0.1

bodies 0.2-6.8 0.8-2.0 0.0-0.6

Total Liplinite 18.0 25.0 28.6

10.0-33.0 16.4-30.2 10.6-44.8

Total Inertinite l.l 2.0 2.3
0.2-2.8 0.2-1.0 0.6-5.0

10.0 in one
sample
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tered in other two bore-holes.

INE~CT~/~IJE I , \ (\ \ ( \ (\ \ LIP~.~~E

Text-figure 4-TCrilary di"gr~lI11 showing composition of thrc<: Illain maceral
groups in lignite at' borc-holcs NLE-n. J5 and 36.

Table 2- Frequency of fluorescing and non-fluorescing macerals
in lignites of bore-holes NLE-27, 35 and 36 from Neyveli
Lignitelield.

The lignitic clay bed, associated with bottom pan of the
seam, also has a high huminite content (63-79%, avo 71.2%).
The liptinite maceral content is relatively lower(12.0-15.5%,
avo 13.7%) than those in lignite sections. 'Mineral bituminite'
is recorded in appreciable amount (9-21 %, avo 15%). The
inertinite macerals have been found to be quantitatively insig­
nificant. The required 500counts could not be made on lignitic
clay samples because of the scarcity of clean particles.

A comparati ve data of Iignite seam encountered in three
bore-holes, on the basis of frequency distribution of fluoresc­
ing and non-fluorescing macerals, are provided in Table 2 and
Text-figure 5. The data indicate that the lignite in bore-hole
NLE-27 has relatively higher proportion of non-fluorescing
macerals than in the lignite seams in other two bore-holes.
The content of fluorescing macerals have been found to be
higher in the lignite seam of bore-hole NLE-35 than in the
seams of bore-holes NLE-27 and 36.

The macerals of the liptinite group (10.6-44.8'i1. avo
28.6%), in decreasing order of abundance are represented by
the liptodetrinite (l 0.4-31.2%, avo 20.6%), resinite (1.2-16.2%,
avo 5.1 %), suberinite (0.6-8.2%), cutinite (up to 0.8%) and
sporinite (up to 0.4%). The unidentifiable fluorescing bodies
are recorded in low proportion (up to 0.6%). No specific trend
in the distribution of macerals is discernible in this seam sec­
tion.
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huminite (59.0-87.0%) and a subordinate amount of fI uoresc­
ing huminite (0.2-21.2%).

Among the liptinite macerals, the resinile has the highest
frequency (1.4-20.4%, avo 8.1 %) followed by the liplOdetrinite
(2.0-18.0%, avo 6.4%), suberinite (0.2-5.4%, avo 1.3%), cutinite
(0.4-5.6%, avo 0.8%) and sporinite (up to 0.6%). The
chlorophyllinite and alginite (BOIryocorc/ls) have been also
observed, but they ,lre quantitatively insignificant. The uni­
dentified fluorescing bodies are recorded in relatively higher
proportion (0.2-6.8%, avo 0.8%) than the seams encountered
in other two bore-holes.

Bore-hole NLE-35-The lignite encountered in this
bore-hole is dominated by huminite (66.8-83.4%) fraction
followed by liptinite (16.4-30.2%) and inertinite (0.2-10.0%)
fractions. The huminite fraction as a whole does not show any
particular trend in distribution, however-the fluorescing
huminite (2.8-25.8%) indicates a decreasing trend towards the
bottom of the seam. The amount of inertinite macerals sharply
increases in the middle part of the seam (10% in one sample)
which otherwise is almost uniform throughout (0.2-1.0%).

Among the liptinite macerals, the liptodetrinite is domi­
nant (4.6-21.6%, avo 13.6%) followed by resinite (4.4-11.0%,
avo 7.5%). cutinite (0-6.4%, avo 2.2%). suberinite (0.2-1.0%,
avo 0.5%), sporinite (up to 0.6%) and alginite (up to 0.2%).
The latter three macerals, though distributed throughout the
seam, are non-recordable in few samples. The unidentified
fluorescing bodies are present throughout the seam and range
from O.~ to 2.0 per cent (<lv. 0.8%).

Bore-hole NLE-36- The lignites of the main seam en­
countered in this bore-hole shows dominance of huminite
macerals (52.6-88.8%; non-fluorescing: 49.8-83.4%, fluoresc­
ing: 1.0-13.8%). The concentration of inertinite macerals is
relatively higher (0.6-5.0%) than the seam sections encoun-

Bore-hole NLE-27 NLE-35 NLE-36

No. of samples 23 6 8

Macerals

FI uoresc ing 24.4 34.0 33.0
12.6-388 21.2-56.0 15.2-47.6

Non- fluorescing huminile 74.4 63.9 64.6
59.0-87.0 43.6-78.6 56.6-834

Inertinite 1.1 2.0 23
0.2-2.8 0.4-10.0 0.6-50

Note: Fluorescing lIIacerals incorporate all the liptinites. jluoresc­

ing hUlllinite and unidentifiable fluorescing bodies.

DISCUSSION AND INFERENCE

Each organic constituent (mJceral) provides important
information about an organic deposit because its origin is de­
pendent on climate, peat-forming plant communities, ecologi­
cal conditions (pH, Eh of water) and degree of carbon i fication
(Stach ef al., 1982; TeichmUller, 1989). Proper recognition of
organic constituents is. lherefore, important to obtain infor­
mation about these aspects. A better distinction of liplinite
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Text-ligure 5-Ternary diagram showing composition of fluorescing and
non-Iluorescing macerals in the lignite seams of bore-holes NLE-27, 35 and
36

Earlier evidences gathered from mega- and microlloral
investigations carried out on the main lignite seam (mine I,
II, and III) indicated the predominance of angiospermic veg­
etation which served as source material in the formation of
lignite seam (Refer to Singh el aI., 1992). Besides, deciduous
forest vegetation of tropical climate with high rainfall together
with coastal elements were responsible for lignite formation.

The petrographic data from the lignites of mine r (nor­
mal rellected mode) and mine III (reflected and fluorescence
modes) also corroborate the existence of wood dominated
forest vegetation as evidenced by higher proponion of huminite
macerals (Misra, 1992: Singh el al., 1992). Appreciable
amount of resinite in the absence of gymnospermous flora
suggests the existence of resin producing angiospermic plants.
Thick bands of suberinite also indicate the dominance of
angiosperms (Kantsler, 1980). Variation in resinite morphol­
ogy, nature of occurrence and Iluorescing colours suggest it's
origin from different sources (oil, fat, wax, latex, etc.). The
presence of alginite (BOIryococClIs) throughout the entire thick­
ness of the seam indicale mari ne in 11 uenced fresh water (brack­
ish water) conditions for the formation of lignite (Misra el (/1.,
1997). The petrological and palynological studies on Neyveli
lignites also indicate its origin in lagoons or back swamps
having more fresh water inlluence than brackish (Pareek, 1984:
Ramanujam el (/1.,1984: Singh el al., 1992). Fluctuations in
frequency and size of algal colonies indicate the seasonal
changes and also the changes in the pH of swamp water.

In view of the predominance of humodetrinite over

macerals, under Iluorescence mode, has made it possible to
generate useful data and to establish a generalized picture of
the depositional conditions. The inferences drawn from the
earlier studies and also from the present investigations under
fluorescence mode, are as follow:

INERTINITE I \ FLU~~~SCING
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