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Sedimentological and pstrographic studies of the Athgarh sandstones north
of the Mahanadi river suggest that they were probably reworked before their
deposition in the lacustrine basin of Athgarh in a warm and humid climate
during Liassic times. The Athgarh sediments are relatively more matured,
better sorted and reworked than the sediments constituting the Western
Jharia basin. The ultimate source of the Athgarh sediments seems to have

been some granite terrain resembling that of the granite complex of Baghel-
khand.

INTRODUCTION

Rocks constituting the Lower Gondwana System have been studied from
time to time for their richer economic deposits, and from the stratigraphical,
palaeontological and structural points of view their classification and strati-
graphical correlation are uniformly agreed upon. Upper Gondwana rocks, on
the contrary, have received much less attention, and the stratigraphical correla-
tion of the isolated units has yet to be placed on a sound footing.

Though the Gondwana rocks have for long been studied on account of
their rich coal resources, very little attention was given to the sedimentology
of the Gondwana basins in India. Systematic sedimentological study is likely
to provide valuable data for revealing the nature and source of the sediments
and establishing the palaeogeography of the past, and thus help in arriving at
a new basis of correlating the isolated and distant units of the Gondwana
period. Jacob (1952, p. 163) has briefly sketched the rhythm of sedimentation
in the Gondwana basins, and he (1958) has further suggested in brief outline
an approach to the sedimentological study of the Gondwana coal basins.

Statistical studies of the heavy mineral assemblages of the Gohdwanas
have been attempted by Mahadevan and Suryanarayana (1952), Rao (19563),
Ghose (1955), Kilpady and Deshpande (1956), and others, but most of them
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were of a descriptive nature. The first systematic attempt at a sedimento-
logical study on an extensive scale was initiated by Jacob, Ramaswamy, Rizvi
and Krishnamurthy (1958) in parts of the Jharia and East Bokaro coalfields.

The present paper gives a brief outline of an attempt made at the sedimen-
tological study of the Athgarh sandstones, west of Cuttack. The object of
the present investigation is to record the nature of sedimentation, and to
propose the probable nature of the source rock. The author has also attempted
separately to determine the stratigraphical correlation and the palaeogeo-
graphy of the Athgarh Stage on the basis of his findings during the field season
1958-59.

GEoLoGY

The rocks of the Athgarh Stage occur in the form of an outlier occupying
an area of about 215 sq. miles and extending both north and south of the
Mahanadi river, west of Cuttack. The area is covered with low hills exceeding
500 feet above mean sea-level. The rocks have been studied previously
(Ball 1877) along the margins of the outlier and along the old trunk road and
in the bed of the Mahanadi river.

The rocks comprise sandstones, grits and conglomerates with shaly bands,.
A distinet gradation is noticed from the shaly horizon at the bottom to the
conglomerate bed at the top. The beds have gentle southerly to south-
easterly dips varying from 5° to 15°, but the uppermost conglomerates in the
north-western part of the basin were deposited in the river meander draining
the silted lacustrine basin of Athgarh and mark the last phase of Athgarh
sedimentation.

Plant fossils are found near Ghantikhal (20° 30’: 85° 45’; 73-H/10) in a
white or pinkish, shaly band ; and on that basis they have been correlated with
the Rajmahal Stage of the Upper Gondwanas and assigned a Liassic age on
the standard stratigraphic scale.

Petrographically these sandstones are essentially composed of quartz
grains cemented with an argillaceous matrix. With the reduction in the size
of the quartz grains, the proportion of the cementing material increases.
Brown sandstone near Kandarapur has a ferruginous cementing material.
Quartz grains are mostly sub-rounded to rounded in outline and full of
irregularly disposed minute inclusions. The petrographical description of the
sandstones from a sedimentological standpoint is given below.

PREPARATION OF THE MATERIAL

Sandstones from the following five dxﬁ'erent localities were disintegrated
for the study of the nature of the sediments constituting them: .
(1) Hill west of lake Ansupa (20° 27': 85° 36’; 73-H/11);
{2) North of Kandarapur village (20° 28': 85° 40'; 73-H/11);
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(3) Rautarapur (20° 27': 85° 41’; 73-H/11) sandstone quarry (finer
material); b
(4) Rautarapur sandstone quarry (coarser material); and
(6) Ghantikhal hill (fossiliferous locality).

Tasre I

Locality e . Nature of .
No. Description Matrix matrix 8p.gr.  Porosity

1 Grit, pale pink, coarse; composed About 209 Argillaceous 2:55 16-10
essentially of sub-angular to sub-
rounded grains of quartz in an argil-
laceous matrix.,

2  (Qrit, dark brown, coarse, almost About 259 Ferruginous 2-66 075
brecciated ; composed essentially of
sub-angular to angular grains of
quartz set in a ferruginous matrix,

8 Sandstone, pinkish or grey, fine- About 609 Argillaceous 2-50 12-00
grained, argillaceous; composed
essentially of sub-rounded grains of
quartz in an argillaceous matrix,

4 Sandstone, grey, coarse; composed About 309, Argillaceous 2-57 15-56
essentially of sub-rounded to round- )
ed grains of quartz in an argilla-
ceous matrix,

6 Sandstone, pale pinkish, fine-grained, About 7569, Argillaceous 2-45 9-00
argillaceous; composed essentially
of rounded grains of quartz in an
argillaceous matrix,

The procedure adopted for disintegrating the sandstones was simple.
Material was first broken in small chips and the chips were suspended in water
for about 48 hours. Then they were soaked in kerosene for about 24 to 36
hours. After that the materig{_was boiled with water to remove the kerosene.
Kercsene with its low viscosity enters the pore spaces of the rocks where it has
a lubricating effect, and helps in disintegrating the material. It was-then
either crushed by the fingers or, if hard enough, by applying a little pressure
between two metallic plates. Brass plates are preferable for this purpose.
Sandstone from locdlity 2 is too hard and somewhat brecciated. It was there-
fore treated with commerical HCl for about 4 hours before being given the
kerosene treatment. The disintegrated material so obtained was dried and
subjected to mechanical analysis.

About 100 g of such material was taken by coning and quartering for
statistical studies of the heavy mineral assemblages of the sandstones. The
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disintegrated material was first treated with the superpanner, and the concen-
trates from the superpanner were separated from the lighter constituents in a
separating funnel by bromoform (sp. gr. 2-7-2-8) treatment. Actually three
different methods (i.e. HB, HP and HPB)* are suggested for heavy mineral
studies by Smithson (1939, p. 298), but for all quantitative work he recommends
direct bromoform treatment. According to Ewing (1931, p. 137), HPB sepa-
rations usually give slightly high percentages of zircon, and relatively smaller
percentages of rutile, staurolite, kyanite and tourmaline than HB separations.
For the work of the present nature the author has, however, confined himself
to the HPB separations to avoid the excessive use of bromoform.

The HPB concentrates in the case of five samples vary from 0-15 to 0-40
per cent. Magnetlte was separated from these concbntrates by using a strong
horseshoe magnet. As such, there was very little magnetite in all the samples,
amounting to less than a dozen grains. They were further coned and quartered
on a glass plate with a sharp knife-edge and the entire material containing
about 800 to 1,000 grains was mounted on a glass plate using thick Canada
balsam and without losing mineral grains before placing the cover slip in
position.

NATURE OF THE ATHGARE SEDIMENT

Disintegrated material was subjected to mechanical analysis, using sieves:
of U.S. Standard Sieve Series, Endecotts (Filters) Ltd., London, England, with
4, 2, 1, 0-50, 0-25, 0-125 and 0-062 mm screen openings. According to Hutton
(1950, p. 639), these screen openings are of Wentworth grade scale and are
commonly used for standard size analytical work in the U.S.A. The cumula-
tive percentages retained on different screen openings for different samples are

given below:
Tasie IT

Mechanical analyses of Athgarh Sandstones

: P ta

8 Cumulative percentages (by weight retained) oreentago

ample . . . of mat. pas-
(Screen openings given in millimetres) . U.C. ES. 8.8

Mo 400 2 95 0-125 0062 “nE through

00 2:00 100 0-50 0-256 0-062 siove

-

1 2 3 4 5 6 7 8 9 10 11 12
0-00 519 29-57 69-01 87-13 94-07 97-89 211 415 0200 0-830
0-00 574 30-85 79-90 91-81 96-71 98-8l 1119 293 0-300 0-880

0-00 4-29 978 28-02 38-74 66-46 88-33 10-67 398 0-059 0-235
0-00 3-07 15-78 37-51 61-51 85-86 95-84 4-16 466 000 0-465
0-00 5-61 14-23 23-35 35-61 75-39 96-19 381 265 0-088 0-220

o W D e

* According to Smithson (1939) concentrates can be referred to as follows:
HB—Heavy mineral concentrate from bromoform separation.
HP-—Heavy mineral concentrate from panning.
HPB-—Heavy mineral concentrate from panning followed by bromoform separation.
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The cumulative percentages are plotted on the semi-log paper, using

diameters of the screen openings as abscissa and per cent (by weight)
as ordinate (Fig. 1).
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Fig. 1. BSize of composition of Athgarh sandstones represented by cumulative curves.

From these plottings quartiles representing 25 and 75 per cent retaining
screen sizes are determined. So also median representing 50 per cent retaining
screen size and percentiles (P90 and P10) representing 10 and 90 per cent
retaining screen values are determined and textural coefficients in the form of
median (Md), coefficient of sorting (So), coefficient of skewness (Sk), and
peakedness or kurtosis (K) are determined as suggested by Pettijohn (1957,
'p. 36). These coefficients are tabulated below:

TasLE ITT
Texture of Athgarh Sandstones

Sample No. Md - So Sk Log 10 8k K
1 0-70 1-59 0-93 1-9685 022
2 0-78 1-54 1-02 0-3010 0-21
3 0-18 237 1-64 0-8062 026

, 4 0-35 2-06 1-03 0-4771 0-24
8 018 1-86 1-66 0-8195 0-12

‘Md’ represents the average or the measure of central tendency. From
the values qbtained, samples 1 and 2 are very coarse-grained representing
grits, sample 4 is that of a sandstone, and samples 3 and 5 represent silts or
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fine-grained sandstones. It may be noted that sample 5 with an ‘Md’ value of
0-18 bears plant fossils; and as such sample 3 with the identical value must
also be suitable for preservation of plant fossils should such fossils have
existed in the horizon. However, samples 3 and 5 have reached textural
maturity amongst the Athgarh sediments.

‘So’ represents the coefficient of sorting or spread of the curve, which is
the square root of the quartiles. Perfectly sorted sediment has the coefficient
of 1-0. According to Trask (1932, quoted by Pettijohn 1957), an ‘So’ value
of less than 2-5 represents a well-sorted sediment. All the samples of Athgarh
sandstones have an ‘So’ value of less than 2-5, and hence they are, in general,
fairly well sorted. However, samples 1 and 2 are the best sorted of the whole
lot and sample 5 is also well sorted ; samples from Rautarapur quarry seem to
be poorly sorted in comparison to those from the Ansupa lake and Kandarapur
quarries.

To get a further idea of the nature of sorting of the Athgarh sandstones,
histograms have been drawn (Fig. 2). From these histograms also it can be
seen that samples 1 and 2 are best sorted of the whole lot, samples 4 and 5
are also fairly well sorted, and sample 3 is comparatively less well sorted.
All the histograms except that for sample 3 are monomodal and easy to inter-
pret. The histogram for sample 3 is bimodal, but clearly skewed positively.
As such, the idea of interpretation on the basis of histograms has been
condemned by Galliher (1933, p. 478) and their relative importance has been
summarized by Dryden (1934, p. 147) and hence it is not proposed to discuss
them at any great length.
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F1e., 2. Histograms of the Athgarh sandstones.

‘Sk’ represents the skewness or symmetry of the curve which is the
product of the quartiles divided by the square of the median. Log 10 Sk values
have also been determined for ready reference; perfect symmetry has a value
of zero. Reference to column 4 of Table ITI shows that excepting sample 1
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aﬁﬂ are positively. skewed, suggestmg that the coarser admixture exceeds the
fine. Sample 1 is negs‘hlvely skewed, where finer admixture exceeds the
coarsé. ~Samples 2 and 4 (both positively skewed) show better symmetry
amongst the Athgarh sandstones.

. ‘K’ represents the kurtosis and it is expressed as (QyQ1)/2(Pyo-P1o)s
where'Q, and Q, are the quartiles and Py, and P,, are the percentiles. Except

'sam‘ple 5 all the samples have an average kurtosis value of 0-22. The kurtosis

- of a matured sandstone from locality 5 is 0-12, which is far less than the average

“walue for Athgarh sandstones.

‘Md’, ‘So*and ‘K’ values for Athgarh sandstones can also be compared
with the values obtained for Lower Gondwana sandstones from the coalfialds
of Western Jharia (Jacob, Ramaswamy, Rizvi and Krishnamurthy 1958,
P- 352). ‘Md’ values for formations ranging from Middle Barakars to Barren
Measures are similar to those for Athgarh sandstones, but in the former case
they had nowhere reached maturity, whereas in the latter case the sediments
had reached perfect maturity near Rautarapur and Ghantikhal in early Liassic
times. Taking the ‘So’ value into consideration, both sediments were fairly
well sorted according to Trask’s (1932) index of gorting. However, in the case of
the Western Jharia coalfield sorting has improved from the Talchir Stage to
the Barren Measures. The values of kurtosis are closely comparable in both
the areas, the average value being 0-22; in the case of the matured sediment
of Ghantikhal it is much below this average value. Thus from a comparative
study it can be stated that the sediments of the Athgarh basin are more
matured, and perhaps better sorted; further, their curves are mostly skewed

. positively.

: HEAVY MINERAL ASSEMBLAGES

. The slides prepared from the heavy mineral concentrates were examined

. and the heavy non-opaque detrital minerals were counted in about ten to-
fifteen ficlds per slide as suggested by Smithson (1939, p. 298). In all the slides
there is a flood of ilmenite (altered to leucoxene) and zircon; hence ilmenite is
also counted with the non-opaque detritals, The principal detrital minerals
in order of abundance are ilmenite (altered to leucoxene), zircon, rutile, tourma-
line (schorlite), epidote, kyanite, staurolite and chlorite (altered from horn-
blende). “A few grains of sillimanite, garnet and monazite were also noticed.

About 300 to 400 grains were counted in each slide, and the percentages
of detrital grains were calculated and expressed here as mutual percentages.

Zircon.—Several varieties of zircon are present in the residues. Three
are easily distinguishable from their colour and general characters.

‘ 1.  Clear, colourless grains, mostly sub-rounded to rounded in appearance
with some euhedral grains form the most common variety of zircon. Amongst
the euhedral grains steep pyramidal faces are comparatively rare. Normally
they are elongated prismatic grains with 100, 110, 001, 101 and 111 and also
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‘TaBLE IV
Heavy mineral assemblage from Athgarh Sahdstones

Non-sp&que minerals

Opaque )
Sample minerals . Tyeops Tourmaline . ., Stau- ., Mona-
No. ilmenite Zircon Rutile (schorlite) Epidote XKyanite rolite Chlorite zite,
(leucoxene)

1 89 5 1 5 . — — — — —

2 79 15 1 1 1 1 —_ 1-5 0-5

3 28 80 9 1 1 1 — —
4= 55 26 6-5 2 3 3 3 1 0-5

5 50 42 8 -— 1-5 0-5 —_ — —

* Trace of garnet and sillimanite.

probably 221 and 112 forms. Some euhedral grains show rounded or euhedral
cores or nuclei or zonal structure, while in some others twinned crystals are
also noticed. Inclusions of certain opaque minerals (probably magnetite) or
dust are seen in some cases. There is also a small proportion of broken grains
in all the slides. Zircon grains are probably broken along the planes of
elongated inclusions along which the zone of weakness exists. A few grains
from the coarser sandstones show authigenic (!) euhedral outgrowths.
Refractive index and birefringence are normal.

2. Malacons are essentially dusky grains and include partially or wholly
metamict grains ag well. Perfectly metamict grains are, as such, very rare
amongst the Athgarh sandstones, but partially metamict grains are quite
abundant. Malacons are mostly rounded or broken. The refractive index
and birefringence are somewhat lower. According to Hutton (1950, p. 693),
the phenomenon of metamictization is due to the presence of minute radio-
active inclusions in the zircon grains. Others have tried to explain it as a
result of structural instability.

3. Pale pink zircons belong to the hyacinth variety as described by
Hutton (1950, p. 689) and others. These are usually subhedral in shape,
often with prismatic habit. This variety of zircon is slightly pleochroic
and has a relatively high refractive index and birefringence.

The lengths and breadths of the zircon grains vary from 0-16 and 0-09 mm
to 0-32 and 0-28 mm respectively.

Ilmenite.—Ilmenite occurs as irregular composite grains. It is mostly
altered in patches or wholly to leucoxene; comparatively fresh grains are
rare. Leucoxene is identifiable in the form of white or yellowish white opaque
encrustation in reflected light, and it is quite in abundance in all the residues.
Grain size varies from 0-04 to 0:1 mm in diameter.
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Rutile~—Rutile occurs in the form of yellow subhedral to euhedral
grains. Prismatic crystals with occasional knee-shaped twins are also seen.
Pyramidal faces and prismatic cleavages are identifiable. Birefringence and
refractive index are very high. Grains are usually 0-1 to 016 mm long.

Tourmaline (Schorlite).—Tourmaline of schorlite variety occurs in short
or long prismatic grains; cleavage is uncommon, but parting is seen parallel
to the length of the crystals. Mineral grains are strongly pleochroic with
pleochroism from pale grey-ox reddish grey to dark brown. Their relief is
very much higher than that of Canada balsam. Grain size is usually 0-1 mm.

Epidote.—Epidote occurs as pale yellowish-green, irregular grains without
any crystal outline. The relief is very much higher than that of Canada
balsam. Mineral grains show inclined extinction and high interference
colours; grains are occasionally weakly pleochroic. Grain size is usually
0-1 mm.

Kyanite.—Kyanite occurs as long, bladed or irregular grains, often with
prismatic crystal outline. Prismatic cleavage is identifiable; extinction is
inclined and relief is higher than that of Canada balsam. Grains with pris-
matic outline are 0-2 mm long.

-

Fic. 3.

All photographs are taken in transmitted light with Zeiss Icon (German) Camera (No. 522/24)
fitted on Carl Zeiss Binocular Microscope (German) with C—12-6 X eyepiece (Carl Zeiss) and
10/0-25 and 40/0-65 objectives (Zeiss Winkel).

A. Colourless euhedral zircon grain showing prism and pyramidal faces, zoning is clearly seen;
Rautarapur sandstone quarry, coarser material. X 240. .

B. Colourless euhedral zircon grain showing two sets of pyramidal faces, zoning is clearly seen;
Rautarapur sandstone quarry, finer material. X 150.

L£. Colourless subhedral zircon grain showing basal pinacoidal face along one end of c-axis;
Rautarapur sandstone quarry, coarser material. X 245.

D. Colourless euhedral zircon grain with euhedral outgrowth; Rautarapur sandstone quarry,
coarser material. X 250.

E. Hyacinth euhedral zircon grain; Rautarapur sandstone quarry, coarser material. X 140.

F. Malacon rounded zircon grain; Rautarapur sandstone quarry, coarser material. x 136,

G. Malacon zircon grain, almost rounded; Rautarapur sandstone quarry, coarser material.

: X 2485,

H. Rounded monazite (1) grain; Rautarapur sandstone quarry, coarser material. X 240,

I. Rautile crystal aggregates, twinned (geniculated); Rautarapur sandstone quarry, coarser
material. X150,

J. Rutile, subhedral and anhedral grains, probably twinned; Rautarapur sandstone quarry,
coarser material. X 140,

K. Btaurolite grain, subhedral in habit; Rautarapur sandstone quarry, coarset shaterial. x 135,

L. Subhedral tourmaline grain with prismatic and rhombohedral facés; Rautarapur sandstone
quarry, coarser material. 130,

M. Xyanite grain, irregular in outline; Rautarapur sandstone quarry, coarser material. X 130.

N. Garnet grain; north of Kandarapur village. X170

O. Chlorite, irregular grain; Rautarapur sandstone quarry, coarser material. X 240.

P. Anhedral chlorite graifi; Rautarapur sandstone quarry, coarser material, X 240
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Staurolite.—Staurolite occurs as vellow, irregular or long prismatic
grains; pyramidal faces are also identifiable, and prismatic cleavage is clearly
seen. Mineral grains are strongly pleochroic with a pleochroic scheme:
X, Y = light yellow; Z (c-axis) = golden vellow. Relief is very much higher
than that of Canada balsam. Grains with prismatic crystal outline show
parallel extinction. Grains are usually 0-1 to 0-2 mm long.

Chlorite—Chlorite occurs as irregular grains of dirty green colonr with
micaceous habit, weak birefringence and low relief. Pleochroism is weak
from pale to dark green. Chlorite seems to be the result of alteration of
hornblende. Grain size is about 0-1 mm.

Monazite—Perfectly rounded, clove brown or greenish-brown grains,
showing very much high relief, are identified as monazite: the grains are
usually 0-15x 0-10 sq. mm in size.

The hardness and density of these minerals in the order of their stability
(Pettijohn 1941, p. 618) are shown below to get the probable idea of stability
of the detrital minerals in the Athgarh sediments.

TABLE V

Density and hardness of detrical wninerals from
Athgarh Sediments

Mineral Density Hardness
Rutile .. .. 4-2 6-64
Zircon .. .. 45 7%
Tourmaline .. 31 773
Monazite .. .. 51 5-54
Garnet .. .. 3-8 63-71
Tlmenite .. .. 4-8 5-6
Magnetite .. .. 32 5363
Staurolite .. .. 37 7-73%
Kyanite .. .. 3-5* 5-7
Epidote .. .. 34 6-7
Hornblende (Chlorite) .. 3-2 5-6
Sillimanite .. . 32 6-7

* Kyanite behaves as the lightest of the detri-
tal minerals and it is often placed above in the list
of detrital minerals arranged according to inereas-
ing density.

Discussion
A more or less total absence of magnetite from the Athgarh sediments
may be explained as due to its alteration to limonitic material and subsequent

leaching out by active interstratal solutions. So also felspars amongst the
lighter minerals were totally altered to the argillaceous matrix. Garnet is
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found in the khondalites close to the Athgarh basin, but its more or less
significant absence may be due to an entirely different source of origin for
the Athgarh sediments. This latter fact is further supported by the presence
of stress minerals like staurolite, kyanite and epidote, and also a pneumatolytic
mineral like tourmaline. The presence of zircon, magnetite, ilmenite and
monazite suggests the probable igneous origin of the source of the Athgarh
sediments. As such, studies on zircon alone do not help in palaeogeographical
investigations of sediments (Poldervaart 1955, p. 441).

It can therefore be inferred that the source of the sediments was very
distant, and that they were probably derived from a rock very similar to a
granite complex. Misra and Mathur (1953) have carried out the heavy mineral
study of the Bundelkhand granite complex of Mahoba and adjacent areas in
the Hamirpur district, U.P. It is interesting to note that the mineral assem-
blages reported by them from the granite gneisses of that region are very
similar to those from the Athgarh sandstones. Thus the probable source
of the Gondwana sediments from the gneissic complex of Baghelkhand
(Jacob 1952, p. 162) cannot be ruled out; but the author strongly believes
that the Athgarh sediments were reworked before their deposition in the
Athgarh basgin as the finer material had reached a stage of maturity during
the ‘Liassic age to which the sediments belong. Considerable variation in the
size of zircon, absence of felspar, complete alteration of ilmenite to leucoxene
and relatively poor association of detrital minerals other than zircon, rutile,
kyanite and tourmaline support this view.

It is interesting to note that the heavy mineral assemblages from the
Upper Gondwanas of the Trichinopoly district (Rao 1952) are, in general,
comparable to those from the Athgarh Stage; there they have been suggested
to be the products of a major igneous rock provenance. Further, on the
basis of the correlation of detrital tourmaline types, Rao (1953, p. 118) has
also attributed a similar source from the granite region traversed by pegmatite
dykes and veins for the Sriperumbudur and Satyavedu Stages of the Upper
Gondwanas of the Madras region.
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