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The Lameta sandstones of Lametaghat, the type area of these beds, are sub-
mature to mature orthoquartzites. Differentiation of the genetic types of
quartz and their size analyses suggest dual source of supply, i.e. older sand-
stone and metamorphics with quartz veins. The presence of quartz grains
with abraded outgrowths and inclusions of iron-oxide implies the presence of
an erosional unconformity between the Lametas and the Jabalpurs. Textural
and mineralogical maturity of the sandstones reflects high energy dissipation
in a tectonically stable condition. Close association and tranpsition to sandy
microsparites imply fluctuation in the rates of supply of the clastics and in
wave and current action.

INTRODUCTION

A section of about 70 ft of the Lameta beds is exposed along a reef across
the Narmada river at Lametaghat (23° 7' N : 79° 51’ E). These gently dipping
beds occur, sandwiched between the Deccan trap on the top and the Jabalpur
sandstone and the Archaeans on the base. This has often been referred to as
the type section of these beds, with varying lithological composition from
calcareous sandstone to sandy limestone. The original character of the beds
has been largely obliterated by extensive silicification. This has made dis-
aggregation of the rocks difficult and they can be best studied in thin section.

The purpose of this petrographic study is to determine, in terms of both
mineralogy and texture, the provenance and environment of deposition of the
Lameta sandstones. ‘

PETROGRAPHY

Petrographically the sandstones are silicified calcareous orthoquartzites
whereas the limestones with which they are closely associated are sandy
microsparite of Folk (19595, p. 32). Differentiation of the lithological units
appears to be a function of the relative rates of precipitation of the carbonates
and the supply of the clastics. Mineralogically, the sandstones are more or
less uniform, the only difference being the qualitative and quantitative varia-
tions of the cements. The sandstones are mature to submature and are
exceptionally rich in quartz. Of course, few grains of feldspar, staurolite and
tourmaline are present. As regards the cements, volumetrically “calcite is
most important and is mostly associated with chemically precipitated silica.
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Limonite plays a minor role in cementation and occurs irregularly at higher
stratigraphic levels near the trap. Calcite is mostly of primary origin but a
minor part of it is probably exogenic. All the exogenic cements have been
derived from the trap. On the basis of textural relationship and its inter-
pretation, following sequence of precipitation, calcite —> silica — calcite (2) —
limonite is established (Chanda, in press).

The sandstones of which calcite cement has not been totally replaced by
silica exhibit lustre mottling, i.e. coarse grains of calcite enclosing several
clastic particles. Carbonate replacement of quartz, feldspar and staurolite is
not uncommon. The characteristic optical continuity of the calcitic ground-
mass with its replacive growths suggests that the carbonate replacement
occurred at an early stage of diagenesis.

Texturally the sandstones are mostly medium grained. Short axis
measurements of the grains, excluding the carbonate etched ones, show a
bimodality in size distribution with the coarser and finer mode ranging
between 2 ¢ (0-25 mm) to 1-5 ¢ (0-35 mm) and 3 ¢ (0-125 mm) to 25 ¢ (0-177
mm) respectively (Text-fig. 2A). Absence of detrital matrix is conspicuous.
With the exceptions of a few, all the grains show some effect of rounding
and only 32 per cent of the grains are inferior to subangular class of Powers
(1953). A considerable number of the grains have roundness above 0-6 and
are apparently derived from some earlier sedimentary cycle. Grains with
abraded overgrowths further confirm the validity of the above assumption.

PETROGENESIS

Genetic classification of quartz types on the basis of their internal mor-
phology, character of boundaries separating the internal units and character
of extinction as described by Krynine (1946), Folk (1959a) and Doty and
Hubert (1962) has been used to determine the origin of the quartz grains,
which constitute more than 95 per cent of the detritus.

Microscopic morphologic criteria for the identification of various quartz
types, encountered in the thin sections of the rocks, are given below :

Common quartz grains are unit grains with generally sharp or slightly
undulose extinction and lacking numerous subparallel inclusions.

Composite quartz grains are aggregate of common quartz with rather
straight boundaries and widely different optic orientations of the constituent
units (Pl. VIII, fig. 1).

Vein quartz includes those monocrystalline and polycrystalline grains that
show semicomposite extinction and richness in vacuoles (Pl. VIII, fig. 3).

Unit-undulose quartz are monocrystalline grains in which extinction
shadow sweeps smoothly and without breaks across the grain with a stage
rotation of over 5° (Pl. VIIL, fig. 6).
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Pressure metaquartzite are quartz mosaic of elongate lenticular crystal
units with sutured boundazies and unditoss extinction (P1. VIIL, figs. 4 a.dy)

Schmtbse metaquartzite are polycrystalline grams that are made up gf

gate units bounded by smooth straight edges,” Extinction of the consti-
tuent units are straight or slightly undulose (P1. ¥II1, fig. 2).

Reworked sedimentary quartz are grains with broken and abraded over-
growths (Pl. IX, fig. 1) and those having roundness greater than 0-6. A signi-
ficant difference between these two types of sedimentary quartz, met in this
study, js their roundness. Graings with outgrowths are generally angular.
This difference in roundness in the grains of common origin is due to the
original difference in the fabric of the source rocks. The rounded grains were
discrete units whereas the grains with outgrowths were derived from the
silicified parts of the rock having interlocking texture. The cores of the
grains, however, generally display better roundness.

Text-fig. 1 shows the proportions of different genetic types of quartz
88 observed in the thin sections. Although the proportions of various genetic

\

Commion Quartz

Schistose Quarizits

Nz

TexT.F1G. 1. Percentages of different quartz types computed from thin section analyses.

types of quartz suggest a major contribution from non-metamorphic source
with minor dilution by the supplies from metamorphies, criss-crossed by

PraTe VIII

Fre, 1. Composite quartz (X); note its disparify of size with other grains, straight boundaries
of the constituent units and lack of stretching. Crossed nicols X 20,

F1e. 2. Schistose metaquartzite (X); note elongate shape of individual orywial units and of
entire fragments. Crossed nicols X 20,

F1g, 3. Vein quartz (X) with typical semicomposite extinetion. Crossed nicols X 60.

F16. 4, Pressure metaquartzite (X); note the elongate shape of individual units ‘and the entire
fragment. Extinctions of the constituents are unduloss, Crossed nicols X 60,

Fie, 6. Rounded pressure metaquartzite {X) in the lower part of the figire. Croused nicols X 100,

Fig. 8. Unit-undulose quartz (X) showing high angularity and extimotion shadow. Crossed
nicols X 60.



CHANDA. Proc. Nat. Inst. Sci. India, Vol. 29, A, Plate VIII.



CHANDA. Proc. Nat. Inst. Sci. India, Vol. 29, A, Plate IX.

Fig. 1. Quartz grains showing broken and abraded overgrowths (arrows) with well rounded
cores. Crossed nicols x 80.
F1e. 2. Jabalpur sandstone showing overgrowths (arrows) on quartz. Crossed nicols x 60.
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quartz veins, considerable dpvelopment of roundness in all the grains irres-
pective of their origin and size obscures the genetic significance of the analy-
tical data and raises the fdflowing alternatives as regards their origin:

1. Reocycled produact.

2. Mixed non-metamorphic (mainly plutonic) and metamorphic supply
with effective abrasion at the site of deposition.

3. Mixed supplies from sandstones and veined metamorphlcs, followed
by rounding at the site of deposition.

With a view to decide between the above alternatives, size analyses were
made of (1) common quartz (Text-fig. 2B), (2) non-common quartz* (Text-fig.
2D), and (3) grains having roundness greater than 0-6 (Text-fig. 2C).
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The modal size of the recycled grains, i.e. those having roundness greater
than 0-6, falls within the range of 3 ¢ (0-125 mm) and 2¢ (0-25 mm). The range

* Includes all types other than common quartz.
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encompasses the modal size range of common quartz which occurs in the inter-
val of 3 ¢ (0-125 mm) and 2:5 ¢ (0-177 mm), corresponding to the finer mode of
the sands. The size of the coarser mode of the sands is identical with that of
non-common quartz. The close correspondence of the coarser mode and the
finer mode of the sands respectively with those of the non-common and com-
mon quartz implies mixing of two populations of different origin. The
common quartz grains that do not have direct evidence of sedimentary origin
could have been derived from plutonic source but the occurrence of the modal
gize of the common quartz grains within the modal size range of the grains
having roundness greater than 0-6 indicates that the populations are geneti-
cally related, i.e. all common quartz grains have been derived from some older
sandstone. Thus it is apparent that the bimodality is caused by the deriva-
tion of the detritus from two different types of source rocks, veined metamor-
phic providing the coarser mode and a more fine-grained sandstone providing
the finer mode (Text-fig. 3). This interpretation is based on the findings of
Folk (1960, p. 56) that quartz grain size is independent of environment and
source area lithology exerts dominant control on the modal grain size. Final
environment of deposition of course is responsible for rounding but does not
effectively change the modal size of quartz.

Absence of any significant vertical variation in mineralogy further im-
plies that there was no radical change in the location and composition of the
source area and its tectonic and climatic condition during the Lameta sedi-
mentation.

ENVIRONMENT OF DEPOSITION

In this suite of rocks, analyses of roundness brings out neither pésitive nor
negative correlation with size of the grains. Separate roundness analyses of
the grains less than 1-25 ¢ and those larger than 1:25 ¢ (0-4 mm) failed to yield
any difference in their mean roundness. Both of them occur in the subangular
class. The homogeneity of roundness itself suggests an abnormality not in
conformity with normal trend of morphological evolution of the clastics
derived from a single source (Pettijohn 1957, p. 64). Homogenization of the
roundness distinction between the grains that started as angular fragments
and those that started as subangular to rounded grains, proves that sufficient
rounding took place at the site of deposition to abrade the edges of the angular
grains., It is interesting to note thaj, despite the presence of moderately
stable staurolite, there are no high rank metamorphic rock fragments. This
provides a further evidence of heightened abrasion responsible for the com-
plete removal of soft metamorphic fragments and rounding of polycrystalline
quartz grains. The general compositional and textural maturity must have
required a prolonged tectonic stability. Close association and transition to
sandy microsparites, which are believed to be accumulated in calm environment
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under conditions of low relief and tectonic stability, not only lend support
to the above contention but also imply that the rates of supply of clastios
and wave or current potency at the site of deposition fluctuated considerably
from time to time. Detritus in the sandy microsparites are mostly in the silt
grade and are more angular than their analogues in the sandstones.  This
feature again reflects the low-energy environment during lime deposition.

 TexTURAL MATURITY AND POLYCRYSTALLINE QUARTZ CONTENT

Presence of rounded and subrounded polycrystalline quartz grains (P1. VIII,
fig. 5) along with similar monocrystalline grains supports the suggestion made
by Folk (1960, p. 24) that polycrystalline quartz has the same abrasion resis-
tance as common quartz and tends to resolve the problem raised by Potter
and Pryor (1961, p. 1228). The polycrystalline grains instead of getting
disintegrated under conditions of long and/or intense abrasion get more
rounded. The status of polycrystalline quartz content as a parameter of
tgxtural maturity thus does not appear very promising.

STRATIGRAPHIC IMPLICATIONS

A critical reappraisal of the possible sources of the Lameta sandstones
appears interesting from the point of view of stratigraphy. The nearby
Jabalpur sandstones and the older metamorphics fulfil the requisite condi-
tions of serving as potential sources of the Lameta clastics. It has been noted
earlier that all the thin sections of the Lameta sandstones contain some quartz
grains with worn outgrowths. Moreover, many of them often show inclusions
of iron-oxide. These grains are directly traceable to the Jabalpur sandstones.
Cursory examination of a few thin sections of the Jabalpur sandstones actually
showed frequent occurrences of secondarily enlarged quartz grains with
inclusions of iron-oxide (P1. IX, fig. 2). This genetic relationship suggests that
the Lameta clastics are mainly recycled products of the Jabalpur sandstone.
The stratigraphic position and the geographic distribution of the Jabalpurs
with respect to the Lametas also support the above contention.

This genetic relationship between the Lametas and the Jabalpurs has an
important stratigraphic implication, for it provides a direct evidence for
considering an erosional unconformity between these units, which is not
apparent from field evidences. This important and significant relationship
does not appear to have been duly appreciated by the earlier workers. From
field evidences, Jabalpur sandstone appears to be apparently overlaid quite
conformably by the Lametas in and around Jabalpur town. This feature led
Mately (1921) to even consider the Jabalpur sandstone stage as of Cretaceous,
supposing thereby a continuity of sedimentation from the Jabalpurs to the
Lametas. Subsequently pr (1931, pp. 118-119) reviewed the age relation-
ship of the Jabalpurs but did not throw any light on the actual nature of
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their stratigraphic relationship with the Lametas. Fox, of course, assigned
Kimmeridgian-Corallian age to the Jabalpurs. In view of the fact that the
Lametas are referred to the Turonian, a hiatus in sedimentation during the
Lower Cretaceous is apparently implied. This paraconformable relationship
between the Jabalpurs and the Lametas is again evidenced by a complete
change of facies from the Jabalpurs to the Lametas. The ferruginous Jabal-
purs represent a fluviatile continental graben facies whereas the Lametas
represent a stable shelf association. Existing informations on the regional
stratigraphy also favour the foregoing contentions regarding the condition of
sedimentation of the Lametas. The Lameta blanket is exposed in a parabolic
band extending nearly continuously for about 300 miles. Overall thickness is
small, the maximum being about 120 ft at Jabalpur. Large number of
formational units compared to the thickness is a remarkable feature of the
well-developed sections, e.g. five each at Jabalpur and Lametaghat. Paucity
of shales is conspicuous. Presence of glauconite in the basal sands at Jabalpur
is significant. Moreover, these beds are found to overlie different older for-
mations in different areas. All these features, along with the petrographic
attributes as observed in this study, are suggestive of the transgressive char-
acter of these beds and strikingly match with those of the typical ‘ Orthoquart-
zite-carbonate ’ associations which are believed to be ‘the product of sedi-
mentation marginal to a very low-lying land surface ’ (Pettijohn 1957, p. 613).
This interpretation obviously fits well with the present concept regarding the
paleogeographic framework of Western India during the Cretaceous.
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