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Reflectivity measurements have been made on 25 randomly selected samples
of coal of which 13 belong to the Kargali, 7 to the Karo and 5 to the Kuju
seamg, The Kargali and Karo seams of East Bokaro and the Kuju seam
of West Bokaro are the most important seams of this coalfield and so have
been chosen for this study. Reflectivity values, like those of carbon and
fixed carbon, suggest a variation of rank in these coals. While the Kuju
coals (Ry, 0-67 per cent) are meta-lignite, Kargali (Ry, 0-92 per cent) and
Karo (Ry, 1'25 per cent) coals are para- and ortho-bituminous, respectively,
There is a tendency of reflectance values to cluster round certain regularly
spaced peaks, though several secondary peaks particularly between com-
ponent Nos. 4 and 7 have been noticed. The evidence gathered is largely
in favour of Seyler’s stepwise variation of reflectance. The validity of
Seyler’s grouping hypothesis is further confirmed by a statistical test—
the lumped variance test. The somatic pattern in some typical bright and
dull coals has also been studied and a relation has been observed between
the frequency of components (N ) present and the type of coal,

InTRODUCTION

The reflectance study of coal is receiving an increasing attention these
days. This method helps in understanding not only the physical properties
of coal but also its rank, Several important contributions by various workers
have been made on this subject in the last three decades in different parts
of the world and interesting conclusions have been derived (Hoffman and
Jenker 1933; Seyler 1943, 1952; Dahme and Mackowski 1950; McCartney
1952; Mukherjee 1952; Huntjens and Van Krevelen 1954; Broadbent and Shaw
1955; Siever, 1957). But to the best of the author’s knowledge no substantial
study on these lines has been undertaken on Indian coals so far. The only
known contribution on the reflectivity of Indian coals is that by Mukherjee
(1961) who recently made measurements on a few samples of Jharia XIV
seam, which has been affected by igneous intrusion. The present study on
the Bokaro coals, therefore, seems to be the first serious attempt in this
direction. The coals under investigation belong to the three important seams,
the Kargali, Karo and Kuju. While Kargali and Karo seams belong to the
East Bokaro coalfield, the Kuju seam belongs to the West Bokaro coalfield.
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It was with the discovery of microphotometer by Prof. Berek in 1930
(see Stach 1949, p. 158) that coal petrologists became increasingly interested
in the quantitative assessment of reflectance. Using the Berek slit-photo-
meter, Hoffman and Jenker (1933) observed that the reflectance increased
continuously with the increase of rank. Seyler (1943) undertook a painstaking
study and extending his observation to a large number of coals of different
rank advanced a theory which has attracted considerable attention. Seyler
stated that the constituents of coal derived from wood or bark, excluding
spores, cuticles and resins, have reflectances that vary discontinuously and
can be arranged in a fixed series of nine steps in a geometric progression. The
Ry = 0:26 X 1:36 Ny, where Ny is the number of component, from 1 to 9.
Seyler’s results, startling as they are, have initiated considerable interest and
several attempts have been made to test the validity of his conclusions.

Dahme and Mackowski (1950) and McCartney (1952) have cast doubts on
the validity of Seyler’s results. They have observed a more or less gradual
gradation of reflectance values with change in rank. Siever (1957) went a
step further and observed that not only vitrinite but even the semifusinite
and micrinite demonstrate a continuous process of variation of reflectance.
Sherlock (1951) and Mukherjee (1952) working independently, however, agree
with Seyler’s discontinuous series. The reflectance studies of Huntjens and Van
Krevelen (1954) are specially interesting. Although they observed the stepwise
progression of reflectance, ‘ well-defined accumulations around Seyler’s types
Nos. 4 and 5 could not be demonstrated’. Recently Broadbent and Shaw
(1955) attempted a statistical approach to the problem and in the light of
lumped variance test scrutinized the accumulated reflectance data. As a
result of this test and also on the basis of new data these authors proposed
that variation in reflectance is more or less continuous with rank, thus
supporting the views expressed by Dahme and Mackowski (1950) and McCartney
(1952), Seyler and Chandra (1955), however, have revealed various anomalies
in the approach of these authors and have once again justified the validity
of stepwise variation.

An interesting part of reflectance studies, therefore, is to observe the
manner of reflectance variation. Accordingly one of the aims of the present
study is to ascertain the validity of Seyler’s theory of discontinuous variation
of reflectance. Besides this, the study helps in establishing the rank of these
coals.

GEOLOGIC SETTING

The Bokaro coalfield lies between 23° 45’ and 23° 50’ N. latitude and
85° 30’ and 86° 03’ E. longitude in the district of Hazaribagh, Bihar. It
covers an area of 572 sq km and includes a narrow belt of Gondwanas
extending 65 km from east to west and 10 to 16 km from north to south.
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East and west are the two subdivisions of the coalfield separated by the Lugu
hill (ht. 960-9 m) which stands majestically almost in the middle of the field.

The Gondwana rocks, comprised of the Talchir, Damuda and Panchet
series, rest on and are surrounded by the Archaeans. The Barakars, which
cover a greater part of the coalfield, are the chief coal-bearing strata. Eight
productive coal seams, 5 belonging to the East Bokaro coalfield and 3 to the
West Bokaro coalfield, are known to occur. The various coal seams in their
downward succession are as follows:

East Bokaro coalfield

12-foot A seam .. . 3m
Jarangdih seam . .. Om
Kargali seam .. .. 30m
Bermo seam .. .. 13m
Karo seam .. .. 24-30m

West Bokaro coalfield

Kuju seam .. .. 12m
No. XI seam .. .. 9m
No. X seam .. .. 6m

Although the Kargali and Karo seams of East Bokaro and the Kuju seam
of West Bokaro are amongst the most productive coal seams of the coalfield,
having thicknesses of 30 m, 24-30 m and 12 m respectively, yet very little
information is available regarding the petrological characters of these coals.
It was therefore considered desirable to undertake a detailed study of these
coals in this direction. The present paper on reflectance constitutes the first
part; the studies on petrographical and chemical characters, which are also
complete, form the remaining parts and shall be published shortly.

The reflectance measurements were made on a randomly selected set of
25 samples of which 13 belong to the Kargali seam, 7 to the Karo seam and 5
to the Kuju seam. These samples were collected from different collieries
and horizons as listed in Table II.

EXPERIMENTAL PROCEDURE

The apparatus used in the present investigation was a Berek photometer
fitted to a Leitz MOP microscope. As suggested by Seyler, measurements
were carried out using a Leitz green filter which gives an approximately
monochromatic light. All determinations were made at a low intensity
which gives accurate results. The adjustable slit of the photometer and the
iris diaphragm of the vertical illuminator were closed down as far as possible
so that the light falling on the specimen formed the narrowest possible cone.
Excepting the primary calibrations of standards, all measurements were made

with an oil immersion objective of 1/10 in. using a periplanitic eyepiece of x 8
gB
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magnification. In this way an over-all magnification of 540 was obtained.
The immersion oil used was the cedar oil of refractive index 1-515.

In order to standardize the instrument, the reflectance of sphalerite
(supplied by Leitz) was rechecked according to the formula:

Ry = (sm 6 sphalerite

sin 6 quartz ) x 4614

where 0 sphalerite and 8 quartz are the angular settings of the analyser for
sphalerite and quartz. The reflectance of quartz in air is taken as 4-614.
The results are shown in Table I from which it is clear that the av erage
observed value of reflectance of sphalerite in air (17-00) is in close agreement
with the standard value (16-97).

In the present study sphalerite was used as the standard mineral for
measuring reflectance of coal components in oil aceording to the formula:

sin & coal 2 5 )
fo= (éﬁl—m) X 5108

where R, is the reflectance in oil.

TaBLE T

The reflectance measurements of
sphalerite in air

Number of R, per
observations cent
1 17:02
2 16-99
3 16-98
4 17-11
b 17-00
G 17-03
7 19-99
8 17-02
9 17-01
10 16-92
Average 17-00

The coal samples were cut into cubes of about 1 in. and polished along
the bedding plane as follows:
(1) Preliminary grinding was carried on by successively finer grades
(80, 220, 400, 600, 800) of carborundum powder.
(2) Dry polishing was completed on a polishing machine using emery
paper of 1/0, 2/0, 3/0, 4/0 grades.
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(3) Wet polishing was completed on a thick compressed felt using
levigated Goddard’s plate powder as the polishing medium.
(4) Hand polishing was carried on chamois leather.

REesvrrs AND DiscussioN
Rank variation

About 50 to 70 readings were made on each sample and six to ten settings
were made for each reading. Table I shows the ‘ maximum’ and ‘ minimum’
reflectance (R,) for 25 samples examined. The reflectance percentages are
the average values based on measurements made at a number of places. The
values of fixed carbon for all the samples and of carbon for 7 samples, on
dry-ash-free basis, are also recorded in the table.

A noteworthy feature is that, while the ‘ minimum ’ reflectance for Kargali
coals is generally 0-92 per cent, it is about 1-25 per cent for the Karo coals
and 0-54 to 0-67 per cent for coals of the Kuju seam. It is also evident from
the table that an increase in the reflectance is generally accompanied by an
increase in the respective fixed carbon and carbon percentages. Thus, the Kuju
coals which show lower reflectance (0-54 to 0-67 per cent) are characterized by
lower carbon and fixed carbon (C: 82-46 to 83-17 per cent; FC: 61-9 to 64-6
per cent) while the Karo coals having a higher reflectance (1-:25 per cent) show a
higher percentage of carbon and fixed carbon (C: 89-96 to 90-02 per cent; ¥FC:
689 to 78-8 per cent) and the Kargali coals occupy the intermediate position
(Bo: 092 per cent; C: 87-38 to 89-76 per cent; FC: 63-6 to 67-2 per cent).
Seyler (1943) and Siever (1957) observed a similar relationship between rank
and reflectance but each arrived at a different conclusion. Seyler (1943)
believed that reflectance remains constant as the carbon increases up to
certain critical values when it changes suddenly. Siever (1957), however,
observed a more or less continuous variation in reflectance with rank. In
Fig. 1, although the graph depicts direct relationship between reflectance
(R,) and fixed carbon, the tendency is more towards °grouping’ than. of
continuous variation.

There is no systematic variation in the values of ‘ maximum’ reflectance
which vary from 1-26 to 3-19 per cent.

Variation in Reflectance

Although Seyler (1943), Sherlock (1951), Mukherjee (1952), Huntjens
and Van Krevelen (1954) and Wege (1954) have observed a stepwise variation
in reflectance, it has not been found so by Dahme and Mackowski (1950),
McCartney (1952), Broadbent and Shaw (1955) and Siever (1957) who are of
the opinion that the variation is more or less continuous. In order to study
the manner in which reflectance varies in the Bokaro coals, 12 samples (7
from the Kargali, 3 from the Karo and 2 from the Kuju seams) were examined



8

A REFLECTANCE STUDY OF CERTAIN COALS

R -— Ffr4)) 8F-1 eg-0 Azonio) vyaedester] ‘CH/dM 4

g8 — 619 9%-3 L9-0 « ¢ PI/am ¥3
g4 9%-28 619 951 $S-0 Lionop vdaol ‘WM €3
0-9 L1-€8 1-29 ¢9-T gg-0 “ “EM/am 3%
0¥ — 959 €Lz 990 Aromo) nindyg ‘g3I/gMm 12
WVHS o
34 £0-06 882 PI-€ 981 11edrey] poloeley tued|ed ‘Z/MS 03
dog, — 8-0L L33 81T Aoy ormy, I/, 61
0-6 , — 689 &4 €61 Az01110) 114017 ‘gl LM 81
9-9 — A 883 931 goNy ¢ “ “ ‘gliMda LI
S-91 96-68 L-9L 933 £6-0 o « . o Ylada 971
08 - I-L% 01-¢ 221 ¥ "oy A1rend) ‘royqy seqy ‘g/adMa a1
90 e 9-8L e 31 V101 013 ‘g v v
WVAS 09V
dog, $-¢9 ez 360 g "oN darendy ‘Azon1o) NBIIBIL 1/ g1
0-L3 0L-68 L9 6L-2 26-0 : “ “g01/LeM 31
£%5 _— 9-€9 L9°1 16-0 “ « " got/rgd 11
£33 — 9-€9 9L1 £6-0 " ¢ ‘ee/LAM 01
00-81 e 1-L9 933 760 “ - - O 'pglLgll 6
891 — 919 ar-g 760 - v - oeLlLaM 8
£91 9%-68 Z-L9 8¢ 26-0 “ “ * *o‘eL/Lgy L
28 — 1-99 £6-1 6-0 8 - " ToteiLast 9
z-9 — £09 811 16:0 “ B B C47R: 6 g
0-¢ — 199 61-¢ 260 - TR : ¥
— - 7.9 233 060 L "ON A11engy ‘Arerno)y orexog ‘glrg ¢
0-9 — L-69 £1-g 26-0 “ o els (4
0T R€-L8 199 cg-g £6-0 Laomgo)) Suemg ‘L/g T

WVHES I'TvVHavsL

(soxyowx ur) (0013-ysu-£Lap) (e013-yse-L1p)
doy woxy Jueo zad qued Jod  an o tnrute, Joqumu ajdurey ‘ON ‘g
qued aod O quoo z0d Y37
UOZIOF] uoq IRy u0qIBd POxIy

sopdwins o2 fo seshipun ooy 1p1u0d pumd 110 UL SJUUBINSDIU FOUDIIYIT

II T18Vv]J,



822 S. M. CASSHYAP

in detail. The observations were made on all constituents except the resinites,
sporinites and cutinites. The results are recorded in Table III. The first
column gives the reflectance in air of a standard sample of sphalerite. Seyler’s
standard components, their mean reflectance and the mean percentage
deviation are also noted in the table. The deviation per cent may be defined
as the difference between the observed values of reflectance and that of the
nearest Seyler component expressed as a percentage of the difference between
the two components between which the observed value lies. Several reflect-
ance values which do not correspond to Seyler’s components but lie close
to these have been shown in the respective columns and are marked with an
asterisk (¥). In the table only average values have been recorded for different

o— Kuju seam.
n—Kargali seam,
aofF — Karo seam.
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components, while the total number of readings on which the average values
are based is given below the sample number “within parentheses. The results of
reflectance measurements of the Kargali, Karo and Kuju seams are represented
as bar diagrams in Figs. 2 to 5 which bring out the variation in a clear way.

There is a definite tendency for reflectance values to cluster round certain
discrete peaks, the number of which usually vary from 4 to 8. The devia-
tion per cent generally is between 2 and 3 which shows that in the majority
of cases the scattering round the respective means is not pronounced and this
is evident from the bar diagrams also. A notable feature is that, while the
majority of peaks have their mean reflectance values remarkably identical
with those given by Seyler to his discrete components, there are others—the
secondary peaks—which form distinet groupings in between the primary peaks.

Though the number of the primary peaks or Seyler’s standard com-
ponents is almost the same in all the coals, the manner of their distribution is
quite distinctive in the three seams. Thus, while No. 4 component is prevalent
in the Kargali coals, No. 5 is dominant in the Karo coals and No. 3 prevails
in the Kuju coals.

The secondary peaks are so conspicuous and persistent that their presence
cannot be ignored. These have also been noted by Huntjens and Van Krevelen
(1954), who believe that ‘the spread in results of reflectance measurements
on a given vitrinite may be due to: (a) variability of the refractive index,
which may be caused by infiltration of ‘resinite ”” into the vitrinite, or by
anisotropic effects; (b) an increase in the absorptive index, owing to diffusion
of light’. An observer (F) working with Seyler (1952) has also noted several
secondary peaks but no explanation has been offered for the scattering.

An interesting point about the secondary peaks is that these are prominent
between lower components, viz. Nos. 4 to 7, which evidently represent the
vitrinite and first few intermediates. The vitrinite-forming tissues have been
often observed impregnated with peaty solutions which substantially affect
their translucency and thereby mask or exaggerate their power of reflection.
The reflectance values so obtained are different and do not represent the vitri-
nites truly. The result is that various irregularly spaced subsidiary or
secondary peaks are observed.

An over-all examination of the distribution of reflectance, however, shows
that, while the evidence is largely in favour of Seyler’s grouping hypothesis,
there are a few cases as shown in Figs. 2(a), 2(d), 3(e), 4(¢) and 5(b) in which
secondary peaks are more closely spaced. It is difficult to say exactly whether
the variation in reflectance is stepwise or more or less continuous in these
cases. In a delicate problem of reflectance measurements, the comparison of
results is based entirely on human judgement which is not a precise criterion.
A satisfactory solution of the problem may be obtained if an appropriate
statistical test is applied to the given data.
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Lumped Variance Test for Grouping

Broadbent and Shaw (1955) applied for the first time ‘ lumped variance
test’ to the study of coal reflectance. This test helps to find out if the given
“reflectance values have a tendency to cluster round certain peaks. :
The mathematical model proposed by Seyler for reflectance data is:

B= ﬁ+28NR+E

where R denotes the logarithm of the measurement of reflectance in oil,
28 are constants with values log 0-26 and log 1-36 respectively, Ny is an integer
between 0 and 9 and e is the error of measurement. The lumped variance
test is designated by the formula:

52 = ZEn
24
where n refers to the number of observations made and Z; corresponds to the
tth observation. 82 is therefore the average squared distance of the data
from the peaks indicating whether the values tend to cluster round the peaks.
The value is zero if observations are precisely at the peak, low if they cluster
closely, and high if they do not cluster.

As an alternative to the Seyler’s model, Broadbent and Shaw (1955)
proposed the rectangular hypothesis according to which there is a smooth
distribution of 82 values with no evidence of clustering at the peaks. It was
further suggested that if the variance of error (e) increases, even though
there is stepwise variation, S2/82 will increase and there will be a smooth
distribution of §2 values.

According to this test if S2/82 is not significantly different from 1/3, the
model is rejected, i.e. the data are compatible with reetangular hypothesis.
If S2/82 is significantly smaller than 1/3, the model is accepted. The critical
values of S2/82 at the 5 per cent and 1 per cent levels of significance, as given
by Broadbent (1955), are listed below:

Significance level

Number
of observations
5% 1%
20 0-114 0178
25 4235 »-194
35 9250 0-216
40 0:256 U244
45 0-260 0-229
55 0-267 0-239
60 0-270 0-244
65 0-272 0-247
75 0-276 0-263

80 0-279 0-256




826 : S. M. CASSHYAP

The lumped variance test was applied to the data average of which is
shown in Table III. The results are recorded in Table IV where 5 per cent
level of significance is used in order to determine whether or not the Seyler’s
model is acceptable.

TABLE IV

Results of variance test for grouping

S. No, Sample Numbelj of 52 /52 Conclusif)n,

number observations model is

1 8/7 77 0-103 Accepted
2 KB7/9 71 0-150 s
3 KB7/31 55 0-182 .
4 KB7/75 70 0-194 s
5 KB17/76 60 0-153 yy
6 KB7/96 58 0-183 ’s
7 KB7/102 49 0184 ’
8 KA/2 64 0-184 s
9 PKT/5 54 0-142 ’s
10 T/ 49 0-188 .
11 WB/M3 51 0179 .
12 WB/K4 62 0-181 »s

From the table it is evident that §2/82 for each sample is significantly less
than 1/3 suggesting that Seyler’s model holds good. Even in the few cases
shown in Figs. 2(a), 2(d), 3(e), 4(a) and 5(b), where visual judgement shows
some doubt about the validity of grouping hypothesis, §2/82 is significantly
less (0.103, 0-194, 0-153, 0-184 and 0-181), confirming thereby that the data
are incompatible with rectangular hypothesis and follow the Seyler’s model.

Petrological Analysis and Somatic Variation

The vitrinite and opaque constituents, like fusinite, semifusinite and
micrinite, are the two main attributes which determine whether a coal is
bright or dull. The reflectance studies have shown that a coal is comprised
of a set of petrological components each of which has a varying frequency
depending upon the rank and type of coal.

In order to study the frequency distribution or the somatic variation of
the various components and to find out the variation in reflectance with
change of rank, six sampleg, two each from the Kuju, Kargali and Karo seams,
were selected for quantitative petrological analysis using Dollar’s integrating
stage. The results of the analysis are recorded in Table V and histograms
showing frequency variation are shown in Fig. 6. The component having the
minimum reflectance generally shows peakedness in the bright coals as it
represents vitrinite. With the increase in rank the next higher component



~
o

NUMBER OF QBSERVATIONS
15

KARO SEAM

KA/2
E.d
Ng 5 (6al .6 (7a) 7 (84 - g
t ottt t
] o | l ] !
1 [ !
] |
| . N
I I ' 1o
| .
! : |
l !
| . L
i 4 '\ fe]
05 1.0 30
! ]
! I
Average reflectance per cent 272 .
Seyler’s reflectance per cent 11

PKT/5 T/7
+* +«
Ne (5a) 5 § (7a) 7
t 1 ' 4
il I | i
P { | |
i
* * | ! {
Ne 5 (5a) ¢ (7a; 7 . i
t 1 t t 10 | !
| {
v | l I
{ ] |
P | |
| ’ ! i | |
} ! r ! I |
| | 5 ! !
I
1 H 0 1 . j
0.5 1.5 2 2.5 0.5 e 5 l2.0 ‘
oo I I | : |
1 | | { { 1| Sy
Average reflectance per cent .27 1.46 1.65 1.97 2.24 Average reflectance per cond 1.1 1.25 1.65 1.98 .
Seyler's reflectance per cent 1. 26 1.64 2.23 Seyler’s reflectance per cont 1.26 1.66 2.23



NUMBER OF OBSERVATIONS.

KUJU SEAM

WB /K 4
* »
g (2b) 3 (3b)4 5§ (6a) &
s OSSN 0 B B
|
10 }— - |
|11 ' b
L I
|
||
| |
5 | |
|
|
[ 1 ) ) 3 0 ]
0.0 1.5 2.0 0.0
R N T T
Average reflecignce per cent 0650.74 0.92 111 1.26 Average refloctance per cent .58 0.65 0.769.90 1.26 1.47 1.65
Seyler’s reflectance per cent  0.67 0.92 1.26 Seyler's reflectance per cent | o1, 67 052 1.26 1.64

(a) (b)

F1a. 5. Reflectance (Rg) variation in some coals of the Kuju seam.
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shows peakedness. "Thus in order of increasing rank in coals of the Kuju,
Kargali and Karo seams peakedness is shown by Nos. 3, 4 and 5 components
~ respectively. In the durainy coals, however, where intermediates acquire
prominence, peakedness is not so well marked and the first two or three
components generally constitute the bulk of the coal. Thus on the basis of

TABLE V

Reflectance percentage of some typical coals

Calculated per

Sample number and  Reflectance R, N Description of Per cent  cent of standard
type of coal {per cent) R component (by volume) component
(by volume)

WB/M3—Kuju Seam

Vitrainy (bright) coal 0-65 3  Vitrinite 783 819
0-74 (3b)* 2-3
0-92 4  lst Interme-
diate 12-8 13-4
1-11 (4b)* 21
1-26 5 2nd » 45 4-7
100-0

WB/K4—Kuju Seam

Durainy coal 0:57 (2b)* 27
0-65 3 Vitrinite 30-8 33-9

0-76 (3b)* 45

0-90 4  1st Interme-

diate 42-1 46+5
1-26 5 2nd » 50 56

147 (6a)* 2.2
1-65 6 3rd s 12-7 14-0
100-0

KB7/15—Karguli Seam

Vitrainy (bright) coal 0-92 4  Vitrinite 76-5 83-8

1-07 (4b)* 3-5

1-23 5 Ist Interme-

diate 53 59
1-62 6 2nd s 4-8 55

1-83 (6b)* 2:9

2-08 (7a)* 2-8
2-24 7 3rd » 31 35
310 8 4th » 11 13
100-0

* Components which do not correspond with those of Seyler but lie close to them.
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TABLE V—(concld.)

Calculated per

Sample number and  Reflectance Ry Description of Per cent  cent of standard
type of coal (per cent) R component  (by volume) component
1 (by volums)
KB7/96—Kargali Seam
Durainy coal 0-93 4  Vitrinite 39-4 419
1-25 5 lst Interme-
diate 423 456
1-46 (6a)* 1-6
1-63 6 2nd " 11-7 12:5
1-76 (6b)*
100-0
PKT/[5—Karo Sewm
Vitrainy (bright) coal 1-27 5  Vitrinite 271 792
1:46 (Ga)* 3-6
1-65 6 1st Interme-
diate 114 123
1-97 (Ta)* 53
2-24 7  2nd ” 7-6 §3
100:0
KA/2—Karo Seam
Durainy coal 1-25 3  Vitrinite 357 39-3
148 (Ba)* 2.2
1-65 6 st Inlerme-
diate 32-4 345
1-99 (Ta)* 3-1
2:26 7  2nd » 31 34
2-72 (8a)* 1-2
3-11 8  3rd o 2-3 2:5
100-0

* Components which do not correspond with those of Seyler but lie close to them,

frequency distribution of petrological components, or somatic pattern, the

rank of a coal can be easily ascertained.

In spite of the best efforts it could not be possible to differentiate exactly
between the various opaque constituents especially the semifusinite and
fusinite and, therefore, these are designated as ‘ Intermediates’. Siever (1957),
however, has been able to differentiate between micrinite, semifusinite and
fusinite and has given a range of reflectance for each. His values, however,
overlap and it is doubtful if these can be of any practical utility.
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SuMMARY AND CONCLUSIONS

As no systematic work on the reflectivity of Indian coals has been done
so far, it was considered desirable to undertake such a study on the Bokaro
coals. The choice of the Bokaro coalfield was influenced particularly by the
fact that, although it is one of the important coalfields of India, very little
information is available regarding the petrological character of these coals.
The Barakars of the Lower Gondwanas occupy a greater part of the field
and are the chief coal-bearing strata. Out of the eight productive coal seams
occurring in this coalfield, three seams, namely the Kargali (30 m), Karo
(24-30 m) and Kuju (12 m), are more important and have been chosen for
this investigation.

The present study which is based on 25 randomly selected samples has
twofold objects: to establish the rank of these coals and to observe the manner
of reflectance variation.

It is evident from the chemical data given in Table IT that, while the Kuju
coals are characterized by lower carbon and fixed carbon (C: 82-46-83-17 per
cent ; FC: 61-9-64-6 per cent), the Karo coals show a higher percentage of carbon
and fixed carbon (C: 89-96-90-02 per cent; FC: 68-9-78-8 per cent) and the
Kargali coals occupy the intermediate position (C: 87-38-89-76 per cent; FC:
63-6-67-2 per cent). According to the I.8.1 Classification (General Classification
of Coals : Indian Standard Institution, 1955, No. 770), although most of these
coals belong to the bituminous rank, there is a distinct variation in the degree
of maturity as is evident by the wide range of carbon. Thus, while the Kuja
coals belong to the B, group of the I.8.I Classification, the Kargali and Karo
coals belong to By and B, groups respectively. Reflectivity values (E,;), which
are markedly different for each seam (average B, : Kuju, 0-67 per cent; Kargali,
0-92 per cent; Karo, 1-25 per cent), further confirm such a variation in the rank.
Seyler and Chandra (1955) have correlated reflectance values with rank and in
the light of this correlation it may well be suggested that, while the Kuju coals
are meta-lignite, the Kargali and Karo coals are para- and ortho-bituminous
respectively.

As regards the manner of reflectance variation there is a definite evidence
of reflectance values (R,) to cluster round certain regularly spaced peaks
which are in close conformity with those observed by Seyler. Several
secondary peaks, particularly between component Nos. 4 and 7, have also been
observed. The validity of grouping hypothesis is further confirmed by the
lumped variance test. The somatic pattern in some typical ‘bright’ and
‘dull’ coals has been studied. While the component (Nz) of minimum reflect-
ance constitutes the bulk of the bright coals, the first two or three components
acquire prominence in the dull coals. ’
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Studies in the reflectivity of coal have a fertile field for research in this
country as no significant contributions on these lines have been made till now.
It will indeed be in the interest of the subject if, instead of wasting time in
solving the long-standing controversial problem of reflectance variation,
some serious attempts are made to explore methods by which reflectivity can
find useful application in problems of practical utility, viz. the carbonization
of coal, classification of coal and the rank of coal, ete. It is now being generally
recognized that reflectance can play an important role in the classification of
coals. Such a classification, according to Siever (1957, p. 9), will be ‘rapidly
and easily performed and also should have the advantage of being based on
non-empirical analyses of one of the fundamental physical properties of the
homogeneous petrographic components that make up the coal substance’.
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