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A %tudy of the resins in the Raniganj coals has been made in transmitted and
reflected light. Translucent and opaque resins have been observed in these
coals, Most of the resin bodies show light-transmission in yellow, orange
and reddish brown colours while a few are dark brown. Some of the resins
show light peripheral margins and comparatively darker cores. The thickness
of the peripheral margin varies in the different resin bodies. The opaque
resing do not show details of structure in transmitted light, except a few
canals or voids observed in some of them, The different forms of resins
and their structures have been described in transmitted and reflected light.
Vesicles and canals have been observed in opaque resins, when examined
in incident light, which resemble the vesicles and canals of the translucent
resins./ A comparative study of a polished thin section of coal has also
been made, alternatively in transmitted and reflected light, in order to
examine the differences in structural details revealed by opaque resins in the
same field of view. The opaque resins show a pronounced relief in incident
light and their reflectance is nearly comparable to that of fusain. It is
concluded that thé opaque globular and oval entities observed in transmitted
light are actually opaque resins, Valid sclerotium has not been observed
in these coals,
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The Raniganj coalfield is one of the potential coal-raising fields of India.
It occupies an easternmost position among the Damodar valley coalfields and
is situated about 130 miles north-west of Calcutta within longitudes 87° 20’ and
86° 36’ and latitudes 23° 32’ and 23° 51’. The junior author visited the area
during the winter season of 1954-55 for field-work in connection with
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<obtaining representative sets of samples for petrological examination of these
<oals. Coal samples from all the workable seams in different collieries were
collected. About 250 thin sections and a number of polished surfaces of these
-coals were examined in transmitted and reflected light respectively. The
petrological investigation has been nearly completed and the work is being
gsubmitted shortly in the form of a thesis for the Ph.D. degree. The entire
investigation was made under the guidance of Professor P. N. Ganju, Head of
the Geology Department, Aligarh Muslim University, and the present paper
constitutes a part of the main investigation.

According to Gee (1932, p. 21), the succession in this coalfield is as follows :

Recent and Sub-Recent .. Alluvial and lateritic deposits
Upper Gondwanas .. Supra-Panchets (of Panchet hill, ete.)
(? = Durgapur beds)
( ? unconformity)
 Panchet series
(1 - Raniganj measures
Lower Gondwanas .. - Damudas - Ironstone Shales
j l Barakar measures
Talchir series
(large unconformity)
(Archaeans)

Within the areas of their maximum development, in the western and
middle portions of the coalfield, the Barakar measures attain a total thickness
of 2,100 feet approximately and include seven productive coal-seams, while the
Raniganj measures are about 3,400 feet thick and contain 10 productive coal-
seams. These two measures are separated by 1,200 feet thick Ironstone
Shales which do not contain any productive coal-seam.

Regarding the geology, structural features and economic resources of the
Raniganj coalfield much data are available through the work of Blanford (1861),
Oldham (1860, 1861), Cotter (1917), Simpson and Ball (1922), Bradshaw and
Sahni (1925), Fox (1928, 1931a, b, 1934), Gee (1928, 1930, 1932), Dutt et al.
(1950) and Mehta (1948, 1956). On the basis of microfloral assemblages, the
correlation of some of the coal-seams of the Raniganj measures has been
attempted by Mukbherjee (1942), Sen (1944) and Ghosh and Sen (1948).

The first attempt to examine the Raniganj coals in transmitted light was
‘made by Lomax (see Caldwell 1927-28, pp. 67-69). He described very.
broadly the micro-constituents of the ‘Bottom Seam’ at Victoria colliery,
Barakar measures. Later, detailed work on the petrology of the Indian coals
was carried by Ganju (1955b), a portion of which includes the petrological
account of a few Raniganj coals from the Barakar and Raniganj measures.
‘This brought to light a number of interesting microscopic features of these coals.
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Ganju (1960), while describing the nature and origin of the miecro-
constituents in the Pench valley coals, observed a number of opaque and trans-
lucent globular bodies in transmitted light and concluded that they are resins.
It was felt that a study of such resins in the Raniganj coals should also be
made in transmitted as well as reflected light in order to determine the nature
of these in the Raniganj coals. A number of selected thin sections and
polished blocks of the Raniganj coals were examined in detail under the micro-
scope and the resin bodies observed in these coals are described in this paper.

Resins and gums are sticky exudation or waste products secreted by
plants. Gums are seldom or never found preserved in coals since they are
water-soluble carbohydrates. On the other hand, resins on account of being
more resistant to decomposition are preserved in coals and in the case of the
Raniganj coals have been observed as practically unfailing constituents present.
in these coals. Resins can be regarded as mixtures of resin acids, resin esters
and resenes and as waste products of plant metabolism obtained during the
oxidation of terpenes. Most modern resins dissolve in alcohol, ether and
chloroform but are insoluble in water. The resins fossilized in peat-bogs have
undergone considerable chemical changes and in this connection Wheeler and
Wigginton (1922, p. 12) state: ‘ There is evidence, however, that the major
portions of the resins of the coal plants, by the time those plants have been
transformed into bituminous coal, have undergone such a change as to cause
them to lose, to a large extent, their solubility in alcohol and ether.’

On account of their being very conspicuous in appearance in transmitted
light, resins have been described from low rank to medium rank coals by
almost all the workers in the past. In the year 1899 Gresley (see Kosanke
and Harrison 1957, p. 8) observed ‘ mineral resin, amberite or fossil gum of
gsome kind’ in the coals of England, United States, Canada, Russia, Japan and
South Africa and states (as quoted in Kosanke and Harrison 1957, p. 8): °
Fragments of woody-looking and more succulent tissues of some of the better
preserved black laminae evidently have their cells and tubulous parts filled
with solidified liquid hydrocarbons . . . the amber-like material.’

Lomax (1911, p. 6) while examining some of the English coals in trans-
mitted light, with a view to determine the inflammable constituents therein,
observed amber-coloured bodies of various shapes and sizes and proposed the
name ‘amberites’ to these and another name ‘ovalites resinous’ to the oval
bodies of highly resinous nature.

White (1914) has shown resins to have contributed to the formation of
high rank and low rank coals of the Cretaceous and Tertiary periods. He
writes that the Carboniferous flora was possibly as rich in resins and resinous
substances as the flora of the later periods. This author demonstrated the
abundance of resinous material in the Palaeozoic coals and on this basis proved
the origin of the high rank coals from peats.
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The amount of the resin concentration is determined by the extent of
decay of the vegetable matter and in this connection White (1914, p. 67)
states as follows :

‘It is well known that the delicate and soft structures of the plant, such as
the parenchymatous and medullary tissues, are the first to disappear in the
putrefactive processes necessary to the formation of peat, and that according
to the duration of these processes, which is a variable factor, and to the agents,
mainly bacterial, engaged, the decomposition becomes more and more com-
plete, extending to the more resistant elements or tissues . . . Of these
persistent portions of the plant the resins generally survive to the last the
subaqueous biochemical or putrefactive processes concerned in the formation
of peats.’

In higher rank coals the resins are found to have undergone appreciable
physical and chemical alterations. In this respect White (1914, p. 69) writes
further : ‘ This is shown in general, first, by the darkening of the color to a
smoky brown; later, by the further blackening, crackling, and shrinkage of
the lumps, which at a still later stage appear to be reduced to dark brownish-
black spongy or granular residues, and still later, if the observations are
correct, to a thin, fine, powdery black scale.’

Schopf (1948, p. 213) includes resins in the ‘waxy-resinous phyteral’
group. The Greek term ‘ phyteral’, meaning ‘ plant-mineral’, was proposed by
Cady (1942, p. 347) to ‘ designate plant forms or fossils in coal as distinguished
from the material of which the fossils may be composed, as long as this is
organic matter . While describing the process of coalification by incorpora-
tion” Schopf (1948) states that during the diagenetic and early metamorphic
history of a coal deposit the ‘ waxy-resinous phyterals’ undergo very slow and
relatively imperceptible change in composition. Further, describing the
process of coalification by ‘fusinization’ this author states (1948, p. 220) as
follows :

‘ The same types of plant materials and substances in peat that are cap-
able of vitrinized preservation also seem to be susceptible to fusinization.
The waxy-resinous phyterals are not commonly involved, but the same types
of plant inclusions that are vitrinized also may, on occasion, be found in
fusinized condition. Thus rodlets of medullosans, commonly demonstrable
in vitrinized form in coal thin sections, occasionally are substantially opaque to
transmitted light and have been essentially converted into fusain.’

Schopf (1952, p. 63) has described resinous bodies in transmitted light
from the Witbank coal, Union of South Africa. His Fig. 1 illustrates extreme
contrasts in the mode of preservation of these secretory bodies due to selective
decay. Most of them are translucent red with an orange marginal halo, but
some of them are brownish translucent and others are essentially opaque. He
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‘describes these opaque resins to have held to their -original oval form and
evidently fusinized.

‘The identity of the resins or resinous matter remains undoubted as long
.as there is light-transmission through them in thin sections. But on becoming
fusinized they do not transmit light and appear opaque. It is at this stage
that the opaque resins might easily be misidentified as sclerotia.

Jeffrey and Chrysler (1905-6) were the first to observe sclerotia in the
Brandon lignite of Tertiary age. In 1933, Schulze (see Hacquebard 1952a,
P. 508) described sclerotia in the Ruhr coals of Germany. Stach (1934, 1935,
1956) has illustrated a number of hyphae and sclerotium-structures in the
-coals of Ruhr and Turkey. Schopf (1947) has figured a number of sclerotia in
‘the coals of Upper Eocene age from the Coos Bay field, south-western Oregon.

Hacquebard (1950) has demonstrated a number of ‘sclerotia-like’ or
“ gelerotioid’ bodies, vide Plate Nos. 1V and VI, and writes (1950, p. 23, foot-
note 1) : ‘A sclerotioid may be defined as a substance, which although struc-
tureless, resembles or possibly represents a sclerotium, which is the botanical
term used for a compact mass of fungal hyphae in a dormant state, and capable
of germinating under certain conditions.’

In another publication, Hacquebard (1951) has described such opaque
constituents in the No. 5 seam in the St. Rose and Chimney Corner coalfields
and writes (1951, p. 12, footnote 2): ‘They strongly resemble the so-called
‘wood-destroying fungi or sclerotia, which are portrayed in the textbook on
.coal petrography by E. Stach . . ., but as the latter have a definite botanical
connotation, the term sclerotioid is preferred here because as yet it has not
been established that the features encountered belong to the same botanical
entity.’

" Abramski et al. (1951) have described similar bodies as sclerotia, vide
Fig. Nos. 23, 52, 81 and 148 in their Atlas for Applied Coal Petrography.

Again Hacquebard (1952a) has demonstrated a number of ‘sclerotioids’
and sclerotia in some coals from Canada, United States and the Netherlands.
He states that the ball-shaped features show a certain likeness to sclerotia but
do not reveal the typical structure of the fungal hyphae and writes (1952a,
p. 508) : ‘Only when the structure can be observed plainly is it justified to use
the term sclerotium (Pl. 4, Fig. 6; Pl 5, Fig. 6).” In his subsequent publi-
cations (19526, 1955) this author has restricted the use of the term ‘ sclerotioid’
to such opaque bodies.

Discussing the role of fungi in decay Schopf (1952, p. 64) writes : ‘Although
‘we know that a wide variety of fungi were present during Palaeozoic time,
evidences of fungal remains are relatively very rare and obscure in coals of
this age. Bona fide sclerotia are so rare in all the Palagozoic coals I have
-examined that their general abundance in Cretaceous and Tertiary coals is
.emphasized all the more as a significant feature.” This author concludes that
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the role of fungal bodies in the decay of the Palaeozoic coals was much more
subordinate than in coals of the later epochs and anaerobic decay was probably
more important during the accumulation of the Palaeozoic peat.

Chandra (1954, p. 47) studied two Indian coals under reflected light and
found * Sclerotites brandonianus Jeffrey and Chrysler’ and ¢ Sclerotites crassitesta
Stach’ in the Palana lignite and a ‘new type of Sclerotium (Sp. nov.)’ in the
Poniati seam, Raniganj measures, Raniganj coalfield.

Ganju (1955b, 1956) has reported the occurrence of sclerotia and other
fungal spores from the Tertiary coals of Assam and Jammu. The sclerotia
in these coals have not been observed to occur in abundance.

Stach (1956) has illustrated a few rounded to oval bodies in reflected light,
vid¢ Fig. Nos. 1 to 4; as sclerotinite. His Fig. 1 shows a globular body with a
number of canals while Figs. 2-4 show oval bodies with numerous vesicles.
Further, Stach and Pickhardt (1957) have described a number of vesicled
and canalled bodies under the name of Sclerotinit.

Kosanke and Harrison (1957) examined in detail a number of translucent
and opaque resin rodlets under transmitted and reflected light with a view to
compare the opaque pitted resin rodlets and sclerotia of the type reported
from the Palaeozoic coals of Europe. These authors observed vesicled and
non-vesicled resin rodlets and rodlets having both vesicles and canals. They
noticed a close similarity between the opaque rodlets showing vesicles and
canals and the structures of sclerotia reported from a number of Palaeozoic
coals of Europe. In a specimen from Illinois (No. 6) coal, these authors ob-
served a fusinized cell structure similar to what has been termed fungal stroma,
by Stach (1956) and state that this has not been proved to be of fungal origin
and ‘ valid sclerotia’ have not been observed in Illinois coals up to date.

Recently Ganju (1960) examined a large number of thin sections of coals
from the Pench Valley coalfields and observed a number of opaque objects
in the durains of these coals. He is of the opinion that these are opaque
resins. In this connection he states (1960, p. 33) : ‘These opaque bodies
occur in large numbers and this fact is also in favour of the view that they are
not fungal in origin. Fungal bodies of undoubted origin have not been ob-
served in such abundance in the Lower Gondwana coals of India. Even in
the Tertiary coals of Assam and Jammu where the author (Ganju 1955b,
1956) has reported the occurrence of sclerotia and other fungal spores, sclerotia
have not been found to occur so profusely.’

REsINS IN THE RaNigang CoALs

Investigation in transmitted light

A study of about 250 thin sections of the Raniganj coals revealed the
presence of resins or resinous matter almost in every vitrain and durain band.
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The medullary rays of wood and the parenchymatous tissues in bark have
often retained their cellular structures due to the resinous matter filled inside
the cell cavities. One of the most conspicuous micro-constituents in the
Raniganj coals is resin showing rounded, oval, oval-elongate, fragmentary or
irregular forms. ‘

In general, the resin bodies show yellow, orange and reddish brown colour-
transmission while some of them exhibit dark brown colour. Most of the
resin bodies appear smooth but some of them show light peripheral margins.
There are, however, a number of rounded or oval resins which do not transmit
light and hence shall be termed as opaque resins. The opaque resins do not
show any details of structure in transmitted light. However, canals and
voids have been observed in some of them and this phenomenon. has been
discussed in detail further while establishing their identity as opaque resins.

The different display of colours by the resin bodies observed in the Rani-
ganj coals is indicative of the degree of chemical alteration which each type
has undergone due to selective decay on decomposition. During the course
of this investigation it has been observed that the durains of the Barakar
measure coals contain a considerable amount of opaque resins. On the other
hand, the durains of the Raniganj measure coals do not show opaque resins in
such quantities. This suggests that the rate of decomposition of the vegetable
matter during the periods of peat formation of the Barakar and Raniganj
measures was not identical.

Plate II, Fig. 1 illustrates a number of bright yellow resins in a vitrain
band derived from wood. On the right-hand margin a bright yellow resin
body, rectangular in shape, is partly_seen with a number of vesicles which
appear black. Three oval resin bodies, free of vesicles, are seen in the lower
left-hand side. A number of oval to rectangular resin bodies with a bright
yellow peripheral margin are seen in the centre. The colour of the core in
these resin bodies is light reddish brown. The peripheral margins appear
somewhat rugged in appearance. The bright yellow resinous matter has
infiltered some of the cell cavities of the woody tissue.

Plate II, Figs. 2, 3 and 4 illustrate resin bodies, reddish brown in colour,
with comparatively darker cores and lighter peripheral margins. Fig. 2
exhibits globular to oval-shaped resin bodies concentrated in a decomposed
woody tissue. The cores in most of the resin bodies are darker than the
peripheral margins. A few of them are without a peripheral margin as seen
in the left-hand side and central part of this figure. The thickness of the
peripheral margin varies in the different resin bodies.

A number of oval-shaped resin bodies appear in Plate I, Fig. 3. Some of
the resin bodies show a uniform reddish brown colour but most of them have
comparatively darker cores. A resin body in the bottom right-hand corner
appears uniformly coloured but slightly leftwards, another resin body is seen
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in which the core is slightly dark and resembles the shape of a pin-head. A
similar resin body also appears in the bottom left-hand corner. A close
examination of the figure reveals that the thickness of the peripheral margin
varies considerably in the different resin bodies. The resin bodies seen in the
upper part of the figure have comparatively thin peripheral margins than of
those seen in the lower part. The largest resin body in the top right-hand
side shows two canals. It appears that the resin bodies have undergone
varyving degrees of chemical alteration as a result of which the cores in some of
them have been carbonized to a greater extent. Resin bodies with partly
fusinized cores have been illustrated by Kosanke and Harrison (1957). vide
Plate I, Figs. 5 and 6.

Plate 11, Fig. 4 shows a number of elongated-oval resin bodies having
slightly reddish brown cores. Few of them are irregularly shaped as seen in
the top left-hand corner and in the lower part of the figure. In the centre, an
elongated-oval resin body is seen tapering downwards. Plate II, Fig. 5 is an
enlarged view of the central portion of Plate II, Fig. 4. Some translucent
cellular structure is now visible encircling the resin body described above.
This most probably represents the remains of the epithelial tissue. Similar
structures have been illustrated by Kosanke (1952), vide Plate 2. Figs. 1 and
3, in the Illinois-Danville and Harrisburg (No. 5) coals.

Plate I1, Figs. 1-4 and Plate ITI, Fig. 2 show resin bodies in vitrain bands.
while Plate TII, Figs. 1, 3 and 4 show them in durain bands. Plate I11. Fig. 1
iltustrates a number of layers of resin globules arranged in a chain-like fashion
which appear orange coloured in transmitted light. They appear smooth and
without borders. From their arrangement it appears that they have been
concentrated due to the decomposition of a sporangium body which is generally
protected by waxy, resinous or gummy coverings. Another example of resin
concentration in durain is seen in Plate I1I, Fig. 4. The resins appear oval in
shape but some of them have irregular outlines. Three resin bodies in the
centre are seen with elongated voids filled with secondary mineral matter
which appears white in the photomicrograph. The other resin bodies in the
right-hand side appear fragmentary and one of them, near the right-hand
margin, resembles the shape of a key.

A vitrain band full of resin bodies is seen in Plate 111, Fig. 2. The right
one-third part shows well-preserved structure of wood in tangential view.
The medullary rays appear slightly bulged due to the resinous matter filled
inside the cell cavities. In the remaining portion of the figure a number of
resin bodies display wide variations in structural details. In the centre a
number of oval resins are seen without any vesicles but one of them shows a
linear slit or canal. In the top left-hand corner oval-shaped resin bodies are
seen nearly free of vesicles. Moderately to highly vesicled resin bodies appear
in the lower half portion of this figure. Further, the size of the vesicles varies
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in an individual resin body. In the upper part an intensely vesicled resin
body is seen with a thin peripheral margin. On both the sides of this resin
body, two oval-shaped resin bodies with thick peripheral margins are also
visible.

Plate III, Fig. 3 shows a number of resin bodies in durain. In the lower
left-hand corner two resin bodies are seen embedded in a highly decomposed
woody tissue. In the centre three globular resin bodies appear which transmit
very little light and appear dark brown in colour. In the top left-hand corner
a few opaque globular bodies are visible which might be opaque resins as well.

Plate IV, Figs. 1-6 illustrate various structures in some resin bodies
observed in the Badjua seam. Barakar measures. Fig. 1 represents a reddish
brownresin body pitted with numerous vesicles and a less vesicled rim or margin.
This resin body appears to have undergone considerable shrinkage. perhaps
due to drying, and consequently has been highly cracked. An opaque body,
showing a linear void. is also seen on the left-hand side. Fig. 2 shows a similar
resin body but not cracked as the former. A small canal appears in the
lower margin of this resin body. Another resin body with nwunerous vesicles
and well-developed canals appears in Fig. 3. A dark brown resin body is
represented in Fig. 4. Numerous canals are seen radiating from the centre
which extend up to the margin in most of the cases. Fig. 5 shows a resin body
with a wavy oval outline. The upper part of this resin body shows a number
of canals while the lower part is free of them. Fig. 6 represents an opaque
body with a few canals or elongated voids which resemble the canals observed
in the resin bodies described in Figs. 3 and 5. The close similarity in the
appearance of the canals suggests that the opaque body shown in Fig. 6 might
very well be an opaque resin. Another opaque body with a circular void is
partly seen on the left-hand side in Fig. 6.

Compuarative study of a polished thin section

All the resins described above were observed in transmitted light. The
exact identity of the opaque bodies could not be established from their struc-
tures observed in thin sections. The opaque entities illustrated in Plate IIT,
Fig. 3, and Plate IV, Fig. 6, do not show any structural detail except a few
canals as seen in Plate IV, Fig. 6. For this reason a polished thin section of a
coal specimen from Salanpur ‘A’ seam, Barakar measures, was examined in
transmitted and reflected light alternatively. Plate V, Figs. 1 and 2 are
photomicrographs of the same view taken in transmitted and incident light
respectively. Fig. 1 shows a number of opaque bodies embedded in durain.
The globular body represented in the lower left-hand side appears harder than
the surrounding vitrain strips which have bent around it. This opaque body
shows a small notch on its left margin. An oval opaque body with a circular
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void filled with mineral matter is seen in the bottom right-hand corner and a
part of another similar body also appears in the top left-hand corner.

Plate V, Fig. 2 is a photomicrograph of the same view in incident light
and reveals more details of structure. The globular body is seen pitted
with numerous vesicles and the notch on its left margin appears more prom-
inent. Another well-cut notch has appeared on its right margin. The other
opaque bodies also show vesicled surfaces. From these two photomicrographs it
appears that the opaque entities observed in Plate V, Fig. 1, are in fact opaque
resins. Due to the presence of canals and vesicles and the absence of any
definite sclerotium-structure these opaque bodies can now safely be termed as
opaque resins.

Investigation in incident light

Plate V, Fig. 3 illustrates a fusinized thin-walled plant tissue the cell
cavities of which are occupied by resinous matter, 1now more carbonized.
The resinous matter inside each cell cavity is seen invariably pitted with
minute vesicles represented by black dots. Plate V, Fig. 4, which is an
enlarged view of the top left-hand portion of Plate V, Fig. 3, shows this in a
very clear manner. A portion of the tissue, in the upper half of Plate V. Fig.
3, shows cells having pentagonal outlines. The lower half of this figure shows
the disintegration of the thin-walled tissue and the liberation of the resin
bodies which appear oval-shaped at a few places. The broken thin walls of
the cells are also clearly seen as white thread-like lines. It is evident from
this figure that the tissue has been fusinized and the resinous matter filled
inside the cavities has been converted into opaque resinous matter as its
reflectance is nearly comparable to that of fusain. It is obvious that the tissue
did not undergo much decomposition as the resins are seen in sifu. On the
other hand, if the decomposition had been severe, the resin bodies would have
been scattered as seen in Plate V, Fig. 1.

Plate V, Fig. 5 is a transverse view of a cortical tissue in transmitted light.
The thin-walled cells are seen filled with resinous matter. In some of the cells
the resinous matter contains air bubbles. The upper half of the tissue seen in
Plate V, Fig. 3, resembles very much this cortical tissue especially in the shape
and arrangement of the cells which appear in the upper left-hand side.

Plate VI, Figs. 1-6 are photomicrographs, in reflected light, of opaque
resins observed in coal specimens of the Badjna seam, Barakar measures. Fig.
1 represents a carved resin body which appears whiter than the vitrain band in
which it is embedded. Due to its comparative hardness it shows a pro-
nounced relief. A number of canals are seen traversing the resin body at
varying angles. Carved resin bodies have also been noticed in transmitted
light and the resin body figured in Plate IV, Fig. 5, resembles very much the
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opaque resin shown in Plate VI, Fig. 1. A similar opaque body has been des-
cribed by Kosanke and Harrison (1957), vide Plate IV, Fig. 2, as a resin rodlet
obtained from the No. 5 seam, St. Rose Coalfield. Hacquebard (1951) has
described similar bodies as ‘sclerotioids’.

Plate VI, Fig. 2 illustrates a highly vesicled resin body with a well-cut
notch, joining a short canal, on the lower right-hand side of the figure. A
short canal is also seen on the left-hand side. The vesicles vary in size and
are so closely spaced that a spongy appearance has been imparted to this
resin body. Plate VI, Fig. 3 shows two resin bodies imbedded in durain. The
resin body in the upper half of the figure shows a number of well-developed
canals; one of them being sinuous in nature. This resin body contains a few
vesicles as well. The resin body in the lower half of this figure shows three
large voids and a few vesicles. Plate VI, Fig. 4 illustrates three resin bodies;
the largest of these, seen in the upper portion of the figure, contains equally
developed canals and vesicles. In the remaining two resin bodies the canals
appear more prominent.

Plate VI, Fig. 5 shows a resin body embedded in durain and contains four
straight canals. The surface of the resin body is seen pitted with a few minute
vesicles. A fusinized tissue of wood in cross-sectional view appears in the
upper portion of this figure. The resin body and the fusinized cell walls of
the wood tissue appear equally white as they reflect equal amounts of light.
The other ingredients of the durain band appear comparatively dull. A
broken fragment of opaque resin, in the right-hand side, shows a number
of vesicles varying in size. Slightly above this fragment of resin an oval
resin is seen which does not reflect much light and evidently has not been
carbonized to that extent as the opaque resin and the cell walls of the wood
tissue. Plate VI, Fig. 6 shows a globular resin near the upper edge and con-
tains a number of vesicles varying in size. A few canals are also seen in
this resin body. Oval-shaped resin bodies are also seen in the lower part of
the figure. All the resin bodies observed in this figure show pronounced relief
and reflect greater amount of light than the other components of the durain
band.

The structural details revealed by the opaque resins in incident light
closely resemble the structures of the resin bodies observed in transmitted light.
The canals in the resin bodies illustrated in Plate VI. Fig. 1, and Plate IV,
Fig. 5, are closely similar in appearance. The resin bodies shown in Plate VI,
Fig. 2, and Plate 1V, Figs. 1 and 2, appear highly vesicled. The presence of
both the vesicles and canals is shown by the resin bodies illustrated in Plate
VI, Figs. 3, 4 and 6, and Plate IV, Fig. 3. The straight canals seen in the
resin body, Plate 1V, Fig. 5, resemble some of the straight canals in the resin
body illustrated in Plate IV, Fig. 6.
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In a private communication Dr. Kosanke confirmed that the Figs. 1, 5,
and 6 in Plate VI represent resin derived from resin rodlets and Plate VI,
Fig. 2, could very easily be a resin rodlet, too. although from this one section
it is not as definite as the others.

SUMMARY AND (CONCLUSION

A study of the resins in the Raniganj coals has been made in transmitted
and reflected light. Translucent and opaque resins have been observed in
these coals in transmitted light. The Barakar measure coals contain greater
amounts of opaque resins than the coals of the Raniganj measures. while the
vellow, orange, reddish brown and dark brown resins are common in the coalg
of both the measures. The translucent resin bodies show rounded. oval, oval-
elongate, fragmentary and irregular forms. Some of the resin bodies show
light peripheral margins and comparatively darker cores. The thickness of
the peripheral margin varies considerably as a result of which the cores in
some of the resin bodies appear like a dot. In some translucent resin bodies
vesicles have been observed showing marked variation in number and size.
Some of the resin bodies contain elongated voids filled with mineral matter.
Canals have been observed in some resin bodies and a few of them contain
vesicles as well as canals. In most of the dark brown resin bodies cracks have
been observed which are suggestive of the shrinkage of the resin lnmps on
drying. The opaque resin bodies appear lomogencous and ball-shaped hut a
few of them show the presence of canals or voids.

Resin bodies showing light-transmission in different colours have been
noticed side by side in the same thin section of coal. This striking ditference
in colours indicates the varying degrees of chemical alteration due to selcctive
decay.

A comparative study of a polished thin section of coal has revealed that
the opaque resins in the same field of view show more detailed structures
when viewed in reflected light.

An examination of the polished surfaces of coals in reflected light revealed
details of structure in the opaque vesins comparable to the structures
observed in some translucent resin bodies in thin sections. Canals and vesicles
were observed in them which closely vesemble those of the translucent resin
bodies. Similar canals have also been observed in a few opaque bodies in
transmitted light. The vesicled appearance of the resin bodies is due to the
inclusion of air bubbles and the canals were developed on account of the brittle
nature of the dried resin bodies. Due to the presence of vesicles and canals
in them and their reflectance comparable to that of fusain, it is inferred that
they are highly carbonized resin bodies. The presence of such opaque bodies
in huge number, at places, without leaving any record of fungal destruction of
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the plant tissues, further supports the view that they are opaque resins. This
also indicates that one of the opaque constituents in the Raniganj durains has
been derived as a result of extreme carbonization of the resins.
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EXPLANATION OF PLATES
PraTe IT

(AU the figures are from thin sections of coal in transmitted light)

Vitrain band derived from wood showing bright yellow resin bodies in the bottom
left-hand side and a vesicled bright yellow resin on the right-hand margin. A num-
ber of resin bodies with bright yellow peripheral margins are seen in the centre.

Chinakuri colliery, Bharat Chak seam, Raniganj measures. X 270.

A number of globular to oval-shaped resin bodies, in a decomposed woddy tissue,
showing darker cores and lighter peripheral margins which vary in thickness. The
resin bodies in the left-hand side and in the centre appear without a border.

Luchipur colliery, Upper Kajora seam, Raniganj measures. X 490.

Resin bodies showing the same general features as in Fig. 2 but the cores appear more
darker. In the bottom right-hand corner a resin body is seen in which the core
appears like a dot. Another similar resin body is seen in the bottom left-hand
corner.

West Laikdih colliery, Kharbari seam, Barakar measures. X 560.

A group of resin bodies showing oval-elongated and irregular forms. Most of them
have darker cores and lighter peripheral margins.

Chanch colliery, Chanch seam, Barakar measures. X 210.

Enlarged view of the central portion of Fig, 4. The translucent cellular structure
encircling the resin body possibly represents the remains of the epithelial tissue.

Chanch colliery, Chanch seam, Barakar measures, X 840,

Prate T1I
(A the figures are from thin sections of coal in transmitted light)
A number of resin bodies arranged in chain-like fashion and appear to have concentrated
on decomposition of a sporangium body.
Sodepur colliery, Dishergarh seam, Raniganj measures. X 165.
Tangential section of wood showing bulged medullary rays on the right-hand side and a
number of resin bodies on the left. Most of the resin bodies show vesicles which

vary in number and size. Some resins in the centre and in the left-hand corner are
non-vesicled.

New Ghusick colliery, Ghusick seam, Raniganj measures, X 210.

Durain showing three dark brown resins in the centre. Two yellowish resins are also
visible in the bottom left-hand corner. The opaque bodies in the top left-hand
corner might be opaque resins,

West Badjna colliéry, Badjna seam, Barakar measures. X 210.
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Fie. 3.
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A group of oval-shaped and fragmentary resin bodies embedded in durain. Three oval-
shaped resin bodies are seen in the centre with elongated hollows filled with mineral
matter. A key-shaped fragment of resin is seen in the right-hand side.

North Badjna colliery, Badjna seam, Barakar measures. X 525.

Prare IV
(AU the figures are from thin sections of coal in transmitted light)
A reddish brown resin body showing numerous vesicles and a less vesicled peripheral
margin which appears cracked.

West Badjna colliery, Badjna seam, Barakar measures. X 525.

A reddish brown resin body showing numerous vesicles and a non-vesicled peripheral
margin. A small canal appears in the lower part of the resin body.

North Badjna colliery, Badjna seam, Barakar measures. X 315,

A resin body dark red in colour showing numerous vesicles and well developed canals,

West Badjna colliery, Badjna seam, Barakar measures. X 420,

Durain band showing a dark brown resin body in the left-hand side. Canals dre seen
radiating from the centre and most of them extend up to the margin.

North Badjna colliery, Badjna seam, Barakar measures. X 345.

A yellowish resin body showing a wavy oval outline. A few canals appear in the
upper portion of the resin body.

North Badjna colliery, Badjna seam, Barakar measures. X 345.

An opaque body showing a few canals which appear white. Some of the canals are
straight. Another opaque body, with a circular void, is partly seen in the left-
hand side. :

North Badjna colliery, Badjna seam, Barakar measures. X 525.

PraTte V

1 and § are from thin sections of coal in transmitted light; Figs. 2 to 4 are from polished
surfaces of coal in incident light)

The globular body seen in the lower left-hand corner appears harder than the vitrain
strips which have bent around it. A small notch is seen on its left margin. An
oval opaque body with & circular void appears in the bottom right-hand corner and a
part of another similar opaque body is seen in the top left-hand corner.

Bonjumari colliery, Salanpur ‘A’ seam, Barakar measures. X 525.

Photomicrograph of the same view (Fig. 1) in incident light. The globular body appears
highly vesicled and the notch on its left margin appears more prominent. Another
well-cut notch is seen on its right margin. The other bodies are seen Vesicled as
well.

Bonjumari colliery, Salanpur ‘A’ seam, Barakar measures. X 525.

A fusinized plant tissue showing the thin-walled cell cavities filled with carbonized
resinous matter. The tissue has not suffered much disintegration. Slight disinte-
gration of the tissue is seen in the lower part. The resinous matter contains small
vesicles,

Ratibati colliery, Nega seam, Raniganj measures. X 185.
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Fic. 4.

Fia. 5.

Fic. 1.

Fic. 2.
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Upper part of Fig. 3 enlarged showing minute vesicles in the resinous matter filled
inside the cell cavities.

Ratibati colliery, Noga seam, Ranigan] measures. X 370.
Thin-walled tissue of cortex showing resinous matter filled inside the cell cavities. It

resembles very much the tissue shown in the upper part of Fig. 3 in the shape and
arrangement of the cells.

Chanch colliery, Chanch seam, Barakar measures. X 525.

Prate VI
(AUl the figures are from polished surfaces of coal in incident light)

A number of canals are seen traversing the resin body at varying angles. The resin
body reflects more light than the vitrain band in which it is embedded and shows
pronounced relief.

North Badjna colliery, Badjna seam, Barakar measures. X 270.

A highly vesicled resin body showing a wide notch joining & canal on jts lower margin.
Another short canal also appears on its left margin,

- North Badjna colliery, Badjna seam, Barakar measures. X 340.

Fia. 3.

Fic. 4.

F1a. 5.

Fia. 6.

The resin body in the upper half shows a number of well-developed canals and a few
vesicles. The resin body in the lower half shows voids and vesicles.

Selected Fatka colliery, Shampur No. 38 seam, Barakar measures. X 205.

The resin body in the upper part shows vesicles and canals equally developed, while in
the others canals appear more prominent.

Selected Fatka colliery, Shampur No. 3 seam, Barakar measures. X 205.

A resin body is seen in the lower part containing four straight canals. A fusinized
tissue of wood in cross-sectional view appears in the upper part. A broken fragment of
resin is seen in the right-hand side. The resin body and the fusinized cell walls of
wood reflect equal amounts of light. The other ingredients in durain ai)pear com-
paratively dull.

West Badjna colliery, Badjna seam, Barakar measures. X 275.

A globular resin body is seen near the upper edge and contains vesicles and canals.
Oval-shaped resin bodies also appear in the lower part. The resin bodies show
pronounced relief and reflect greater amounts of light than the other components in
durain.

West Badjna colliery, Badjna seam, Barakar measures. X 275.





