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Abstract

The coal-bearing sandstone in the area around 31/2 Mile Stone alcng Shillong -
Shella National Hiehway was previcusly thought to be as cquivalent with Therria

Formation.

Based on statistical and micropalacontologicz] study cf these sediments, it

has been established that the sediments are a continuaticn of the Lakadong Sandstone
Member exposed in the southern extreme of the area around Lewer Cherrapunji and are

of Thanetian age.

Beth the sedimentological and palynological studies reveal that the

sediments were deposited in beach environments, where some shallc w lagoons were formed

in locally developed deltaic conditions.

Introduction

The areas under discussion is located
on the south-western slope of the Shillong
Plateau, Meghalaya measuring approxi-
mately 32 sq kms and is defined by latitudes

25°15°30”N - 25°20’30°’N, Longitudes 91°-
40’0”E—91°45”0’E. It covers the vicinity
of Cherrapunji and Laitryngew Mile Stone
25 to Mile Stone 34 and about 1 km on

either side of the Shillong-Shella Natjonal
Highway.

The stratigraphic succession of the area is as follows:

Jaintia Group Sylhet Formation

Therria Formation
Langpar Formation

Mahadek Formation

Lakadong Sandstone Member )

Lakadong Limestone Member | L0@netian
Danilan
Maestrichtian

Sylhet I'rap Pre-Cretaceous

Mylliem Granite
Khasi Greenstone
Shillong Group

Medlicott  (1869), who first recorded
the rich coal deposits around Laitryngew
Village, appears (o Lhave correlated (he coal-
bearing sediments of Laitryngew arca with
the Lakadong Sandstone Member of the
Sylhet Formation.  Palmer (1923) has not
mentioncd the age of this sandstone  hut
Ghose (1910) is of the view (hat (he

Geophylology, 20(1) = 56 (5

} Pre-Cambrian

Laitryngew coal-bearing sandstone is equi-
valent to Lakadong Sandstone. On  the
ol'h.er hand, Evans (1964) considered the
Laitryngew  Sandstone  as  younger than
Lakadong Sandstone and possibly equiva-
lent to the Kopili Formation of the Jaintia
Grroup and therefore Uppaer Focene (Priabo-
nian) i age,
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Text-figure 1

Dutta et al. (1964) who recorded a qu
invertebrate fossils, viz , Solariella cf. S. radia-
tula Forb. Exogyra cf. E. suborbiculata Lam.,
Cardium of pilatum Stol, etc. from the lime-
stone below the coal bearing sandstone ex-
posed at Mile Stone 31/2 considered the
limestone to be of Danian age and c_:quated
it with the Langpar Formation. Since the
coal-bearing sandstone immediately overlies
the limestone it was considered to be the

equivalent to Therria Formation (former
Cherra Sand-stone Stage).

Sah and Dutta (1966) and Dutta and
Sah (1970) did a detailed palynologica!
study of the coal-bearing sediments around
the Laitryngew-Cherrapunji area. Based
on information revealed by the palynologi-
cal study together with the record of micro-
forams, Dutta et al. (1964) assigned a
Palacocene age to the sediments around
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31/2 Mile Stone and equated them with
the Therria Formation while the sediments
around Cherrapunji were considered —as
cquivalents of the Lakadong Sandstone.

It is interesting to note that the lime-
stone at M.S. (31/2) shows the occurrence
not only of uppermost Cretaceous forms but
has also yielded typical Palacocene forms,
such as, Miscellanea miscella, Discocyclina
ranikotensis, etc. which have beén recorded
from the Lakadong Limestone Member.

There are, thus, divergent views on the
stratigraphical status of the Laitryngew coal-
bearing sandstone. The object of this note
is to approach the problem on the basis of
statistical and palynological studies.

Consideration of depositional environ-
ments on sedimentology

The results of the textural parameters
of the coal-bearing sandstone under discus-
sion, following different moments (Dixon &
Massey, 1957) have been illustrated in
Table 1. The sandstones are medium to
fine-grained, negative to positively skewed
and well to very-well sorted. No significant
variation in texture has been observed in
the sediments from different sections.

Kuenen (1956) observed that the salta-
tion movement depends on the physical
characteristics of the particles and local
variations of drag ecflfects on the beds by

current velocities where different types of
sorting take place. The resulted lamina-
tions are due to particles Ofdlfferent attri-
butes, such as size having their own sor-
ting action. The amount of suspension
fines varies according to the flow intensity
of depositing medium. It increases with
decrease in flow intensity as in the case of
river sands deposited from unidirectional
flow. Sometimes it decreases even in undi-
rectional flow if high intensity prevails,
asin the upper flow regime of beach (Fried-
man, 1967). Accordingly. the variation
in rolling and suspension populations isa
function of flow intensity in depositing
medium. This is reflected in the present
study by skewness and standard-deviation
values. Most of the samples from the lower
half of each section are well to very well-
sorted, negatively skewed, medium-grai-
ned, whereas most of the samples from the
upper level in all the sections are well-sorted,
negative to positively skewed and medium
to fine-grained. The sediments consisting
largely of the saltation population are well-
sorted; addition of rolling population makes
them very well-sorted and negatively
skewed, but the addition of a very low quan-
tity of suspension fines yields well-sorted,
slightly positively skewed sediments. As
the occurrence of grain-size variation in sedi-
ments is a function of the flow intensity in
a depositing medium, high to medium

Table 1—Results of moment statistics for outcrop samples used in the present study, average
values in parenthesis

Section Mean Standard-deviation Skewness
X O
I 1.42 tc 2.40(1.89) 0.291 to 0.527(0.396) —1.40 to 1.50(0.359)

II 1.352 to 2.198(1.678) 0.309 to G.635(0.479) —0.376 to 1.438(0.284)
III 1.112 to 2.442(1.653) 0 227 to 0.668(0.480) —1.423 10 1.857(0.275)
IV 1,519 t0 2.870(2.C04) 0.245 to 0.542(0.407) —1.301 to 1.623(-.004)
AV 1.555 to 2.364(1.963) 0.346 to 0.488(0.421) —-0.783 to 1.474(0.315)
VI 1.571 to 2.833(2.001) 0.271 to 0.642(0.405) —1.335 to 1.341(0.206)
VII 1.561 to 2.906(2.008) 0.227 to 0.535(0.419) —1.149 to 1.557(0.109,
VIII 1.074 to 2.131(1.682) 0.269 t0 0.605(0.472) —1.489 to 1.619(0.318)
IX 1.601 t02.397(1.989) 0.340 to 0.494(0.403) —1.131 to 1.733(0.599)

= o ——

e s e —

N. B. Sections 1,II,I1IT and IV from the area south of 31/2 Mile Post and Sections V,VI,VII,VIII and IX from

the area north of31/2 Mile Post.
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intensity flows of upper shorcface-beach
environments may have been responsible
for the deposition of the present sedi-
ments.

The average weight percentages of
different size fractions (coarse sand to silt)
for the samples fro n cach section have been
plotted in Text-figure 2. All the samples
range in size from 0.0 phi to 5.0 phi. I'rom
Table 1, it 1s apparent that some sections are
vich In medium-grained fractions and others
in fine-grained sands. The frequency distri-
bution shown in Text-figure 2 based on an
average percent are for coarse-grained sand
in sections II, III and VIIT and medium to
fine grained for the remaining sections of
Table 1. The section/wise variation in
standard-deviation and skewness values for
the sediments is negligible.

The sandstones are quartz-dominated,
poor in matrix and contain low percentage
of heavy minerals commonly of stable type
like tour-maline, zircon and opaques as in-
ferred from thin section and heavy mineral
studies of the sediments. The quartz grains
are sub-rounded to well-rounded. The
underlying carbonates near Cherrapunji (33
mile-stone) and Umstew (31/2 milestone)
are fossili-ferous and are of biomicrite and
sparite type. The texture of lower portion
of carbonates is masked by dolomitization.
Some of the dolomite samples display sugary

@

e

°
2

8
rd

00 A

(Waight Percent)

N
2
o

1070

FREQUENCY

-]
)

-1
B

e
©

0 20 30 40 50
(c.8)  (M.5)  (F.8) (V.B.8)  (C.SLY)
GRAIN SIZE (PMHI)

Text-figure 2 —Frequency distribution of sands for 9
sections of Lakadong sandstone unit represcoted
by 9 respective curves; (L5, = Goarse sand;
M. S. = Mecdiam sand; 19,5, = Fine sand;
V.1'.S. == Very fine gand; (.51, = Gloarse silt,

texture,.

The sandstone unit thins out towards
the south and rests conformably over car-
bonates, the thickening portion towards the
north is underlain by the durable, medium
to fine-grained, southerly dipping (6°to
1 2°) Therria T'ormation, At a few places,
the blanket type sediments exhibit through
cross-lamination.

Accumulation of this quartz-arenite
type sandstone strongly suggests supply of
detritus to a stable depositional area under-
going very slow subsidence at a steatly rate
as for instance in the case of St. Peter sand-
stone reported by Krumbein and Sloss
(1963). During the depo:ition of these
sandstones some shallow lagoons were for-
med in locally developed deltaic conditions,
as evidenced by the occurrence of thin,
discontinuous sulfur rich coal seams at
different levels. The occurrence of suspen-
ded particles in lagoon deposits is found
to be associated with coal deposits repre-
sented by carbonacecus shales. The re-
cord of normal geomorphic features and
sedimentary environments of the palaeocoas-
tal plain was probably destroyed by con-
tinuing transgression, and reworking of del-
taic deposits resulting in sheets of quartz-
arenite sandstone. The sedimentary re-
cord of regression on a stable shelf is rarely
preserved, because the deposits formed do
not normally remain long below base level
and are subjected to weathering and ero-
sion. Therefore, the deposition of these
sediments is possibly controlled by transgres-
sion phases (Cambrian-Early Ordovician
sandstones, Galesville, Jorden, Bell ez, al,
1956, in Krumbein & Sloss, 1963).

Presumably, the shallow depressions
were either the result of processes such as
downward encroachment of tidal channel-
ing or due to the subsidence and coastal
retreat of 1eworked sediments from abando-
ned river mouth The sediments later
filled these lagoonal depressions along with
the coal-forming materials, Thus, the
topography on which the lagoonal depres-
sions were formed, affected divectly the
variation in thickness and lateral continuity
ofa coal seam. Those environments that
co-existed l:ltcrully with the lagoon such as
peat  growth, plant decay and water How
directly aflected (he lateral continuity of
the coul-forming deposits.  After the deposi-
tion of the peat, the arca was (looded witl
Huvial sediments which wore subsequently
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reworked by higher energy beach processes
and provided sites for the deposition of coal-
forming materials. Following the burial of
peat (coal) the post-depositional tidal chan-
neling processes could have modified the
upper surface of the deposits resulting in
1mpersistent coal seams. The sediments
associated with the coal scamsin the upper
level of the sandstone unit may be deposited
swiftly by rapid fluvial processes as inferred
from the results of textural parameters such
as, relatively higher values of standard-
deviation and slightly negative to positive
skwness for the sediments. The impers stent
patchy occurrencé of co.l are probably a
function of the size of intervening lagoons,
the rate of basin subsidence and the sedi-
ment influx relationship to the rare of peat
accumulation.

Most of the samples belong to the coal-
bearing sediments of a beach environment,
whereas the rest are in the river environ-
ment (Text-fig. 3). Similar inference can be
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drawn trom other bivariate plots like mean
versus skewness, standard deviation versus
skewness, but the best distinction  can
be viewed from the plot of mean grain-size
versus standard deviation as both arc the
function of wave energy and mobility (Nor-
dstrom, 1977).

Because of the decreasing water depths
with increasing energy COndit}OH.S and exten-
sive reworking, the sediments in the upper
shoreface-beach environments are well to
very well sorted and impoverished in clay
[raction containing only physically most
stable minerals (Davis & FEthriege, 1975).
The almost absence of clay in the present
sediments indicates their maturity. This
matured sandstone body may either be the
product of erosion and recycling of the older
matured sandstones or subjected to long
continued mechanical maturation under
stable tectonic states in a single cycle of
erosion, transportation and deposition. The
sediments must have been continuously
reworked before ultimate burial. Slow sub-
sidence permits long exposure to mechani-
cal energy before ultimate burial under
conditions of tectonic stability. Therefore,
either wave action or tidal current circula-
tion or both were sufficient to produce the
well-sorted medium to fine-grained blanket
type quartz-arenite Lakadong sandstone.
The higher energy and low mobility proces-
ses gave rise to quartz-arenite sediments.
The low mobility reflects the limited inputs
of sands to the final depositional sites, which
were better sorted under the influence of
higher energy processes. Energy and mobi-
lity are the critical factors that are related
to exposure (Nordstrom, 197 ), which again
is related (o the rate of subsidence.

The exposure of pyritous shales within
the Lakadong Sandstone Member near
Laitryngew and the presence of high sul-
phur in coal (as recorded by Coal Survey
Laboratory, Jorhat) signifying the deposi-
tional sites were influenced by marine to
brackish water environments. This view is
supported by the occurrenee of brackish
water palynomorphs preserved in the
shales.

The regression line appears to be strai-
ght in the mean grain-size versus standard
deviation plot (Text-fig. 4). The lack of re-
markable change and the low value of slope
for the line possibly may be due to the domi-
nance of a single population in grain size
distribution, that is saltation population,
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which consists of medium to fine-grained
sediments. The small range of standard
diviation values and vast majority of salta-
tion population in each of the sections
(Table 1, fig. 3) clearly shows that during
different times the sediments from all the
sections underwent similar modes of trans-
portation and were deposited under overall
similar environmental energy processes.
Presumably, the sediments towards the
base were reworked steadily along gently
sloping upper-shoreface-beach environments
in association with lagoonal deposits, where-
as the sediments in progressively higher
levels were the result of rapid removal by
higher to moderate energy processes while
the lagoon sediments kept pace with them.

Stratigraphical position

The occurrence of typical forams, such
as Discocylina ranikotensis, Miscellanea muscella
together with calcareous algae Distichoplax
hiserials in the limestonc below the coal-
hearing sandstone suggests the age ol the
limestone as Thanctian. Therefore, it may
be safely deduced that it is a continua-
tion of the Lakadong Limestone expo-
sed in the vicmity of the arca and not
of Langpar as regarded carlicr (Dutta et al.,
1964; Dutta & Sah, 1970). Since the
Lakadong coal-bearing sandstone conforma-
bly overlies the Lakadong Limestonc in the
Khasi and Jaintia Hills, they are regarded

as Thanctian in age.

The presence of Upper Cretaceous forms
reported by Dutta el al. (1964) from the
limestone are possibly long ranging and not
index fogsils. Lt is possible that those forms
arc found in Upper Cretaceous scdiments
in South India while in this part they might
range in the younger sediments. Further,
the forms recorded by Dutta er ol. (196%) are
comparable to and not identical species.

R-Mode factor analysis: Results and

discussions

In the present study R-mode factor ana-
lysis has been considered to represent the
grouped moment grain-size textural para-
meters in depicting any possible textural
distinction that lies among the sediments
in the area north of 3172 Mile Stone from
those of south.

The R-mode technique is concerned
with inter-relationships between variables.
In the present study, eigenvalues taken from
a standardized variance-covariance matrix,
have been employed following Eckart-
Young Theorem (1936) which assumes that
a1l the variables are weighed equally and
allows for the convert ol the principal com-
ponent vectors into factors.

In factors analysis, the vector formed
by multiplying an eigenvector by its ccrres-
ponding square root of eigenvalue, is refer-
red to as a factor. Eaeh factor is weighed
proportionally to the square root of the
amount of variance contributed by that
variable (o the factor.

In the present study, factor I accounts
for 95.699, of the total variance. Simi-
larly, factor II accounts for 3.229 of the
total variance (Table 2). Factors IlI and
IV share only 1.059, and 0.049, of the
total variance of our data respectively and
are considered insignificant. The eigen-
values represent the proportions of the total
variance accounted for the eigenvectors.
Thus two [actors are tobe rotated.

The .rcsults show that tactor I bears
the relative importnace of different vari-
ables. Now, with the vesulted data, first
and second variables have been projected
on the R-mode fictor axes by computing
their factor scoves. "I'he vesults of the two
nvolving [actors have been  tabulated in
l“l)_lﬂ 3. 'I'wo factors denote size and
sorting,

. Lext-figure 5 shows that there is no
significant textural variation in the sediments
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Table 2—Eigenvectors and eigenvalues of R-mode

-— e

Variable

————— e s

Bigenvectors

1 LI L1l v

r 0.36949 —0.47821 0.78367 —0.14370

I\ (o

Standard- 0.07132 —0.01714 v.15758 —0.98477

d(‘\'i;\iiﬂn

Skewrcss 0.02789 —0.86272 0.49559 —0.09658
Kurtosis 0.92608 —0.16348 0.33973 —0.01560
Eigenvalues 1394..946 46.984 15.297 0.558
Variance contributed 95.69 3.22 1.05 0.04

by each variable in

percentage

Table 3—Loadings of the first two R-mode factors
Loading
I II III 1Y

Factor I 13.7999 2.6637 1.0415 34.5880
Factor II -3.2779 0.1193 5.9135 1.1205

between the northern and southern portion
of 31/2 Mile Stone in the area. The samples
with vast majority of medium grained frac-
tion are comparatively well sorted whereas
those containing a vast majority of fine to
very fine fractions are very well sorted. Ac-
cordingly, the former community occupies
the upper half and the latter one lies in the
lower half of Text-figure 5 along factor
axis II. But the samples from different
sections belonging to both the sectors do
not illustrate definite trends separately, they
reflect a common depositional environment
for the sediments as a whole.

Application of multivariate F-test to
clastic fractions of different sections

The effectiveness of a classification
scheme is dependant on the relation between
group variat’iOns.. Factors like hydraulic
selectivity aflect in fractionation of result-
ing sediments. There is no unconformable
relationships observed amongst  different

sections in the field and no distinction could
be made between the sediments from nor-
thern and southern sections of the 31/2 Mile
Stone as in preceding analytical approa-
ches. But on account of the sporadic distri-
butions of different sections. possibly belong-
ing to the same stratigraphic unir, it is
necessary to follow the sectionwise discrimi-
nant analysis In this study, recourse has
been taken to the magnitude of F-value in
finding out a significant distinction among
the sections from the textural standpoint.
The weight percent of five grain-size frac-
tions trom each sample has been entered as
a variable in this analysis.

The critical information for evaluating
the relative importance of each variable is
shown in Table 4. 'The positive sign of the
“Surplus Percent” column indicates that
the variables acted in separating the sections
and negalive signs signifying the variables
acted to draw the sections together. The
Mahalanobis D? statistic represents &
measure of the separation between the two
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Table 4 —Discriminant : 3
sections of thea:::l:l:lti::t:nci:mpa"ng grain-size {ractions from different exposed

Comparing Constant ! # Surplus Mahalarolis Calculated Tabulated 2%
per cent distance (D) I-statistics I'-values
I.—0.031 --20.427
R 92 0.023 11.460
anc 3.—0.023 7.395 i B
4—0.054 /] -391J0 1.2630 1.493 F(.05,5,21)
5. 0.830 0.897
1.0.009 —1.100
2. 0.0004 1.060 1.60
Il and II1 3. 0.030 05 80 y I e © o
s s = 0.1714 0.1418 (.05,5,11)
5.—0.460 —0.10
1.—0.019 28.890
» 11.»4).013 —9.455 —4.66
II1 and IV 3.—0.038 —3.580 1.4896 1.079 r(.15,5,13
; : (:15,5,13)
4.—0.0325 —15.820
5.—0.0236 —6.940
1.—0.002 3.190
2. 0.018 3.555 4. 74
IV and V .—0.045 —10.270 0.6168 0.361 r(.05,5,10)
4. 0.032 3.750
5.—0.025 0.280
1.—0.0(2 --9.840
2.—0.020 -—17.350 —1.82
Vand VI 3. 0.032 10.730 0.4644 0.2167 1#(.05,5,8
4.—0.300 1.4+40
5. 0.080 4.830
1.—0.012 3.600
2. 0.037 1.550 —4.74
VI and VII 3.—0.075 —15.300 1.3907 0.7820 ¥(.05,5,10)
+.—0.010 9.200
5. 0.290 1.107
1.—0.006 —16.430
2.—0.030 —0.020 —4.78
VII and VIII 3. 0.060 14.450 1.0460 0.5212 F(.05,5,9)
4. 0.170 1.590 o
5.—0.405 0.455
1. 0.010 16.873
2. 0.007 —7.260 4.74
VIII and IX 3. 0.C10 —6.140 0.7956 0. g T
4.—0.150 --3.810 s 7(:05,5,10)
5. 0.360 2.220

e M — s —

1* Serial number from 1 to 5 in ‘‘Constant’ columr. represent variables:
X1*< l ¢ ) Xg—‘ l—2¢ 3 X3—2_3¢ ) X4—3—4¢) > Xs—-c}_s(‘b

2% F—Test F-value (a,b,c) is calculated for the 100
degree of freedem (b is the number of variable and ¢ +b+1 is the

(5-a)%

conﬁdence‘ilevel for 2 distribution with b and ¢
number of samples).
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Text-figure 5—R-Mode factor scores of samples from
the area of study; @, south of 31/2 mile stone; X,
north of31/2 mile stone.

multivariate means, expressed in units of
pooled variance. Its magnitude thus ser-
ves as a measure of the efficiency with which
the variables serve to distinguish the sections
in question. The statistical significance of
the Mahalanobis distance is usually tested
by the F-test operating on the null hypothe-
sis Hy : D; =D, (i.e., the average discrimin-
ant scores for sections 1 and 2 are same). If
we accept this hypothesis it would indicate
that all samples were subjected to the same
énergy processes. The magnitude of cal-
culated F-values for the samples in different
comparing section are much less than the
tabulated values of F at 59, significant
level, revealed that there is less than five
percent chance that th: samplesin different
sections were subjected to different trans-
portation and depositional processes.
Various combinations of transporting
modes of sediment lead to differences in
grain-size distributions. Again, (extural
variability among sediments represents diffe-
rent situations that existed during the

osition of sediments. Tl_le
approach are shown in
Table 4. They clearly reveal that ;he sedi-
ments of the studied secti0ns are dtfrally
homogencous [rom the extreme nodrh to
the south throughtout the area anc that
the sedimentation processes from different
sections were closely alike.

supply and dep

results of this

Conclusions

The above study based on .statist.ical
and micropalaeontological considerations
lead to the conclusion that the coal-bear-
ing sandstone of the area around 31/2
Mile Stone is a continuation of Lakadong
Sandstone Member exposed on the southern
part of the area and is of Thanetian in
age.

The study suggests that the sediments
were deposited under tactonically stable
depositional area of upper shoreface beach
environments during which some shallow
legoons were formed in locally developed
deltaic conditions. This view is further
supported by the occwrrence of high rela-
tive frequencies of the pollen-grain belong-
ing to Arecaceae family together with those
of Rhizophoraceae Chenopodiaceae etc.

Acknowledgements

The authors are grateful to Dr. S. N.
Visvanath (Former G. M., O.I.L.) and
Prof. Dennis A. Darby, Old Dominion Uni-
versity, Norfolk, Virginia, for their construc-
tive reviews and various helpful suggestions
for the improvement of the manuscript.

References

Davies, D. K. & Ethridge, F. G. (1975). Sandstcne
composition and depositional environment, 4m.
Assoc. Petrol. geol. Bull., 59(2): 239-264.

Davies, J. G. (1984). Statistics and data analysis in
geology. 2nd Ed. New York, John Wiley and Scns
1-447.

Dixon, W. I., & Massey, F. J., Jr. (1957). Introduction
to statistical analysis, 2nd Ed. New York, Mc
Graw Hill Company: 1-488.

Dutta, S. K. Barooah. B. C. & Barooah, S. K. (1964).
Age of the Laitryngew coalfield, Gherrapunji.
Curr. Sci., 33: 51-52. .

Dutta, S. K. & Sah,S.G.D. (1970). Palynostrati-
eraphy of the Tertiary sedimentary formaticn o
Assam: 5. Stratigraphy and palynolcey of scuth

Shilling  Plateau. Palaeontographica, 131 (B):
1-72.
Evans, P. (1964). The tectonic framework of

Assam. geol. Soc. India, 5: 80-96.
Folk,R. L. (1966). A review of grain sizc parame-



Baruah & Duyyga

ters. Sedimentology, 6: 73.93.
Friedman, G. M. (1961). Distinction betwee
heach and river sands from (hejy tc;:t b
teristics.  J. Sed. Petrol., 31: §14.529,
Friedman, G. M. (1967). Dynamic processes angd
stal.lsncal_par_amcu'rr compared for six l‘rv(‘iw-
ncy distribution of beach and river sand: 7
Sed. Petrol.,37: 327-354, '
(‘;hnsc,:\.l}ri. N. (.1949). The Stratigraphic al Posi-
tion of the Cherra Sandswne. Ree. geor. Surv. India
25, Prof. Paper No. 4: 1-18, ’
Krumbein, W. G., & Sloss, L. L. (1963). Strati rapl
and sedimentology. 2nd Ed., W. H,. )Fl‘ccmaﬁ a!:z?l,
Company, San Francisco. '
Nuenen, P. H. (1956). Experimental abrasion of
Pebbles 1L, Relling by current. 7. Geol., 64: 336-
368.
Miola, R. J. & Weiser, D (1968). Textural para-
meters: an evaluation. 7. Sed. Petrol.,38: 45-53,

n dune,
wal charae-

~Coal-bearing sandstone around Leitryngew area 65

Medleoti, H. B. (1868). Geclogical Sketch of the
Z(’;]}”Png Placeau. Grol, Surv. India, 1(2): 151-

N""‘l"!rﬂfn. K. F. (1977). The use of grain size stati-
stics to distinguish between high-and moderate
cnergy  beach  envrionments. 7. sed. Petrol,
47(3): 1287-1294,

Palmer, R. W. (1923). Geolcgy of a part of the
Khasi, and Jaintia Hills, Assam. Rec. geol. Surv.
India, 1(2).

Pettijohn, F. J. (1984). Sedimentary rocks, 3rd Ed.
GBS Publishers and Distributors: 1-628.

Reineck, H. E- & Singh, I. B. (1973). Depositiona!
sedimentary environments, Srprirger-verlag, Berlin
Heidelberg, New York.

Sah, S. C. D. & Dutta, S. K. (1966,. Palynestra.i-
graphy < fthe Tertiary sedimentary formation of
Assan: . Stratigraphical position ¢f the Cherra
Formation. Palaeobotanist, 15(1-2):72-86




{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

