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Cretaceous (Maastrichtian) deposits of the Lameta Formation crop out along the eastern part of Jabal pur basin on isolated
hills and along the banks of Narmada River near Jabalpur city. The quartzarenite composition with little amounts of
feldspar, mica, rock fragments and heavy minerals, are medium to fine grained, moderately sorted to poorly sorted and
subangular to subrounded. The study suggests that palaeoclimate, distance of transport and source rock composition
influenced the detrital mineralogy of the sandstone. By using Suttner and Duttadiagram, the mean values of theratio were
plotted and that indicate a humid Paleoclimate in this area. The plate tectonic setting and provenance of the sandstone
wereinterpreted using the Dickinson’s method of detrital modes and Qt-F-L, Qm-F-Lt, Qp-Lv-Lsand Qm-P-K triangular
diagrams. The petrofacies analysis of the Lameta Formation suggest mainly craton interior in arifted continental margin
basin setting. The plot of various quartz types on diamond diagram after [17] reflects Plutonic terrain. The probable
provenance of these sandstones is Mahakoshal and Jabal pur Groups.

Key Words: Cretaceous; Lameta For mation; Jabalpur; Mineralogy; Madhya Pradesh; India

1. Introduction

The Narmada basin is a ~1100km long rectilinear
depression formed by rifting during Early Cretaceous
period along ENE-WSW Satpura orogenic trend of
Precambrian age[1]. The lineament existing since Early
Precambrian has undergone along and varied geotectonic
evolution [2]. It has been reactivated from time to time
till recent times. The reactivation during the Cretaceous
coincided with the formation of the Narmada basin and
extrusion of Deccan Trap lava[3, 2]. The Jabalpur area
of Madhya Pradesh constitutes the eastern part of the
Cretaceous sedimentary basin. Discontinuous patches of
sedimentary strata of the Lameta Formation of
Maastrichtian age [4] are underlain by the Rocks of
Jabalpur Group and Precambrian basement rocks with
marked unconformity. In this paper, we analyze and
interpret the textural and detrital mineralogy and discuss
the possiblefactorsinfluencing detrital composition. The
petrofacies analysis was carried out to interpret the
tectoni ¢ setting and provenance of the Lameta Formation.

The Cretaceous strata of the Jabalpur area,
represented by the Lameta Formation, attain amaximum
thickness of about 40 m [5]. The stratigraphy by [6] for
the Lameta Formation of Jabal pur area has subsequently
been modified by several workers[7, 8]. Thestratigraphic
succession used on this study is from [8] (Table 1).

The lower-most part of the Lameta Formation is
friable, green to white, medium- to coarse-grained,
pebbly, trough cross-stratified sandstone. This sandstone

E-mail: ahmahmad2004@yahoo.com

Table 1. Stratigraphy of Lameta Formation, Jabalpur area (Madhya
Pradesh); Tandon et al. (1995)

Deccan flows
Intertrappean sediments
Deccan flows

Lameta Beds

Upper calcified sandstone
Mottled nodular bed
Lower limestone

Green sandstone

Late Cretaceous

(Maastrichtian)

......... Unconformity............

Jabalpur Group

(Channel sandstone; to overbank thin

white to brown

sandstone; fire clays)

......... Unconformity............

Mahakosha Group

(Meta-sedimentary sequence, complex deformed)
Granite basement

Mid-Jurassic
Early-Cretaceous
Precambrian

is overlain by light grey, cream to bluish calcrete
limestone, usually, containing sandy material. A red,
green and mottled sandy and clayey bed lies over the
limestone. These are overlain by buff and brown
calcareous sandstone. Fossils of dinosaurs bones have
been reported from the Lameta Formation [9-10], [11],
considers that Green Sandstone, the lowest member of
the Lameta Formation, was deposited in an estuarine
channel under the influence of strong current activity
mostly in subtidal condition. Tandon et al. [12]
interpreted Green Sandstone as fluvial deposits and
Lower Limestones and Mottled nodular bed as
pedogenically modified from plaustrine mudflat. The
rocks of the Lameta Formation rest unconformably over
the basement of Precambrian rocks in the western part
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and on the Jabalpur Group (Mid-Jurassic to Early
Cretaceous) in the eastern part of the area and, in turn,
they overlain by the Deccan Trap lava flows of the Late
Cretaceous (Fig. 1). The Precambrian basement rocks
consist of porphyritic granite gneiss and quartz-
muscovite schist. The age rel ationship between the schist
and the granite-gneiss has not been clearly established.
The Jabalpur Group rest unconformably on the
Precambrian rocks with well-developed conglomerate,
sandstone and white clay.

2. Methodology

The study is based on field analysis of the stratigraphic
sections and petrographic examination of representative
sandstone samples. Sixty-seven samples of Lameta
Formation were collected from well exposed sections
for petrological analysis. Samples were selected in such
a way so as to represent the entire thickness of the
sections. Sandstone samples were cut into standard
petrographic thin sections, which were etched and stained
for calcium and potassium feldspar. Three hundred
framework grainswere counted per thin section. Thegrid
spacing used in the point counting exceeded the grain
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Fig. 1: (A) Geological Map of Jabalpur area, Madhya Pradesh,
India (B) Column showing location of the samples

size so asto avoid individual grains being counted more
than once [13]. The measured data were grouped into
half Phi classinterval of [14] grade scale and the number
frequency percentages were recalculated as number
cumulative percentage. Statistical parameters of grain
sizedistribution were computed using [15]. Classification
and tabulation of grain types was done following the
traditional methods [16]. Varieties of quartz in medium
grained quartz population were determined by the
method proposed by [17]. The quartz grainswere counted
as non-undulatory monocrystalline quartz (Um),
polycrystalline quartz with two to three crystals per grain
(PQ 2-3 c¢/g) and polycrystalline quartz (more than two
extinction units). The usual procedure of heavy mineral
separation was adopted [18]. The heavy mineral
identification was undertaken following Milner [19]
method.

3. Texture

Lameta Sandstones display variable grain sizeand poorly
to moderately well sorted textures. Statistical parameters
include graphic mean (0.91¢ to 3.38¢, average 2.200),
Inclusive graphic standard deviation (0.44¢ to 1.460,
average 0.840), roundness (0.31 to 0.48, mean 0.36).

4. Detrital Mineral Composition

The detrital content comprises quartz, feldspar, rock
fragments, micas and minor constituents of heavy
minerals. The average modal composition of detrital
minerals is. quartz - 98.23%, feldspar - 1.15%, mica -
0.34%, rock fragments - 0.28%. According to [16]
sandstone classification, the Lametasandstoneismainly
quartzarenite.

The heavy minerals recalculated and converted to
100 percent. Average percentage of heavy minerals
include: opaques - 69%, epidote - 8%, tourmaline - 6%,
zircon - 5%, garnet - 3%, rutile - 3%, staurolite - 3%,
actinolite and biotite - 3%.

5. Results

The sandstone of Lameta Formation contains quartz of
igneous (common/plutonic quartz - 96.38%, vein quartz
- 0.04%) and metamorphic (recrystallised metamorphic
quartz - 1.0%, stretched metamorphic quartz - 0.81%)
originaswell asmicas- 0.34%, rock fragments - 0.28%,
heavy minerals and feldspar - 1.16%.

The most abundant quartz is common plutonic
quartz. It is mainly derived from granitic batholiths or
granite-gneisses. Therecrystallized metamorphic quartz
occurs mainly as polycrystalline composite grains of
subequant to equant shape. It ranges from 1.0 - 3.0%
and averages about 1%.

In the present study, the data on the types of quartz
were plotted on the provenance discrimination diagram
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(Fig. 2A) of Basu et al.[17]. Thedataplot in the plutonic
field. This plot yields consistent results that indicate a
source area containing largely plutonic rocks, which
represent the exposed roots of magmatic arcs on older
crystalline basement in the area [20].

Micas present in the sandstone of Lameta Formation
comprise mainly muscovite and a few biotite flakes,
derived probably from granite, pegmatite or schists.

The suite of heavy mineralswith biotite, tourmaline
and zircon indicate acid igneous source. On the other
hand the suite of heavy minerals with garnet, staurolite,
tremolite-actinolite and epidote reflect metamorphic
source. Rounded grains of rutile, tourmaline and zircon
are indicative of multicycled source.

The mineralogical maturity of heavy minerals
assemblage of source rocks using Zircon-Tourmaline-
Rutile index (Z-T-R), [21]. The Z-T-R index value
calculated for Lameta Formation is 76.16. Thusthe high

Polycrystalline Quartz
(2-3 crystal unit per grain, >75% of
total polycrystalline quartz)

Plutonic

Non-undulatory,

Quartz '@V

Polycrystalline Quartz
(>3 crystal unit per grain, >25% of
total polycrystalline quartz)

Undulatory
Quartz

(A)
10
1.0 Lot
o Humid
+
“\Q-_ Semi-humid
Ie] 0.1
Semi-arid
0.01
0.001
0 1 10 100
Qt/F+R
(B)

Fig. 2: 2A. Classification of Lameta sandstones according to Basu
etal.[17] 2B. Bivariant log/log plot of theratio of Qp/F+Ragainst
Qt/F+R of the sandstones of Lameta Formation [ 31]

Z-T-R valuealong with low percentage of rock fragments
and feldspars in the studied sandstones indicate
prolonged abrasion or high intensity of weathering in
the source area. The Lameta pal acos ope may be equated
with the pre-trappean topography, which according to
Roy-Chawdhury [22] isanirregular eroded country with
a general slope to the southwest on the eastern side
changing towards west on the western side. Thus on the
basis of present day distribution of Precambrian rock
types in combination with detrital mineralogy of the
sandstone it may be inferred that the sandstone of the
Lameta Formation of present area were derived from
granite-gneisses of Mahakoshal Group and small amount
of sediments contributed from Jabal pur Group.

In this study the detrital modes were recal culated to
100 percent asthe sum of Qt, Qm, Qp, F, P K, L, Lt,Lv
and Ls. The intrabasinal and detrital limeclast (Lc) do
not included and heavy minerals were excluded. Four
triangular diagrams Qt-F-L, Qm-F-Lt, Qp-Lv-Ls and
Qm-P-K were used as suggested by Dickinson [23].

All the sandstone samples of the Lameta Formation
plot near the Qt pole on the standard Qt-F-L plot and lie
inthe continental block provenancewith source on stable
craton (Fig. 3A). On the Qm-F-Lt plot al data plot in
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Fig. 3: (a, b, ¢, d) Provenance discrimination diagramsafter [ 23].
The Provenance fields in A and B are Continental Block (1): 1A-
Craton Interior, |B-Transitional Continental, | C-Basement Uplift
Recycled orogen (I1); 11A-Quartzose, I1b Transitional, 1 C-Lithic
Magmatic Arc (I11); I11A-Dissected, I11B- Transitional, I11C-
undissected, 1V-Mixed Cl- Rifted Continental Margin, Il-
Subduction Complex, 111-Collosion Suture and Fold Thrust Belt,
IV-Arc Orogen, D Circum-Pacific Volcano Plutonic Suites, the
arrow indicates maturity/stability from continental block
provenance
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craton interior provenance field (Fig. 3B). On the Qp-
Lv-Lsplot most of the pointslieat therifted continental
margin provenance field with little contribution from
collision suture and fold thrust belt (Fig. 3C). TheLsin
the studied sandstones in the form of chert, siltstone
and shae. On the Qm-P-K plot (Fig. 3D) al the points
lie in the increasing maturity and stability field of the
continental block provenance.

Theplots of Lameta sandstones on Qt-F-L and Qm-
F-Lt diagrams suggest that the detritus of the sandstones
was derived from the granite-gneisses exhumed in the
craton interior. The Qp-Lv-Ls plot which is based on
rock fragments population (chert, shale, siltstone) from
apolygenetic source givesamoreresol ved picture about
the tectonic elements. The sample datafal in therifted
continental provenance reflecting no contribution from
the volcanic source. The Qm-P-K diagrams suggest
mineral ogical maturity of the sediments. The sandstone
petrofaciesand heavy minera suitsof Lameta Sandstone
indicates multiple rock sources for these sandstones,
which is not reflected in triangular plots. The apparent
reason for this could be diagenetic alteration and
weathering of unstable framework grains, which
increased the proportion of quartz grains relative to the
original detrital.

6. Discussion

Paleoclimate, distance of transport and source rock
composition are the most important factors controlling
the composition of the resistant sedimentary pile at the
time of deposition. These factors were studied in detail
in order to analyze their effect on detrital composition.

6.1 Paleoclimate

Many workers have studied the role of climate in
compositional maturity of detrital sandstone[24, 25, 26,
27,28, 29, 30, 31, 32, 33, 34]. Using it bivariant log/log
plot of theratio of polycrystalline quartz to fel dspar plus
rock fragmentsagainst theratio of total quartz to fel dspar
plus rock fragments [31]. The climate in the area has
been interpreted as humid (Fig. 2B).Thisinterpretation
gets support from Paleogeographic reconstruction of the
Narmadaregion of Central India suggesting movement
from ~35°S to ~15°S during the Santonian (80 my)—
Palaeocene (60 my) interval [35]. K-feldspar dominates
over plagioclase, which may result from intense
weathering in the source area or from diagenetic
aterations[36]. However, climate alone cannot produce
quartz rich sands. Thisis evident from the quartz poor
nature of fluvial and littoral Holocene sands from
drainage basin in tropical highland with high relief. If
the provenance has low quartz then the resultant sand
will also be quartz poor [37]. Therefore, even were the
climate is hot and humid quartz rich sands will not be

produced unless the relief islow. A combination of low
relief, hot humid climate and ample vegetation can
produce quartz rich detritus [29]. Low relief would aid
in prolonged residence time of sediments thereby,
increasing the duration of chemical weathering thus
enriching the sediments in stable quartz.

6.2 Distance of Transportation

The detrital grains of Lameta Formation are in the fine,
medium and coarse grain sizes. This study suggests
transportation to a distance of afew hundred kilometers
from the source area. The deficiency of feldspar may be
explained as due to high gradient stream transportation
leading to rapid destruction of feldspar by abrasion. Apart
from this poorly to moderately well sorted and
subangular to subrounded grains, controlled by the
transportation process suggest that the transportation
process is not solely responsible for the destruction of
the constituent in the sandstones. In addition, it is aso
known that the imprint of climate although preserved
for the first 75 kilometers of transportation in high
gradient stream, is rapidly destroyed as soon as high-
energy marine environment (Beach) is reached [28].
Recent studies have shown that the Lameta Formation
in general has abimodal distribution of detrital material
indicating varied sources [38].

6.3 Source Rock Composition

Though, the detrital mineral ogy of the Lameta Formation
appearsto have been strongly modified by palaeoclimate
and transportation. It has potential to reflect the nature
of source rocks. High quartz content and high ratios of
K- feldspar to plagioclase also suggests intense
weathering on craton with low relief and prolonged
transport across continental surface having low relief
[20]. The formation of quartz rich single cycle sand
requires low relief in the provenance to prolong the
duration of weathering. It can, therefore, beinferred that
L ameta sandstones were derived from continental block
provenance of low relief. The nature of the rocks
represented by the continental block provenance in the
form of granite-gneiss and schist.

The Narmadabasinisbounded by asystem of dextral
wrench faults[39], dlightly diverging towards the west.
This system of faults delineates the Narmada-Son
lineament, a geofracture extending into the Moho at a
depth of 35 kmto 40 km [40, 41]. Thelineament existing
since Early Precambrian has a long and varied
geotectonic history [42, 43, 2]. It has been reactivated
fromtimeto timetill recent times. Itsreactivation during
the Cretaceous coincided with the formation of the
Narmada basin and subsequent extrusion of lava of
Deccan Trap. Fault-bounded basement uplifts along
incipient rifts within continental blocks shed quartzo-
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feldspathic sands of arkosic character that accumulate
in the adjacent linear troughs [20, 23]. In such tectonic
settings, a spectrum of lithic-poor quartzo-feldspathic
sandsform aroughly linear array on the Qt-F-L and Qm-
F-Lt diagrams, linking these sands with the craton
derived quartzose sands that plot near the Qt and Qm
poles.

We can now reconstruct the tectonic setting of the
Lameta Formation. The Precambrian granite-gneiss and
schist forms the basement. These rocks were deeply
weathered under warm and humid climate during the
Late Cretaceous, which destroyed most of the feldspar
and other labile constituents. Thus, quartz rich detritus
was shed into the Narmada rift. The relief of the
provenance was low and erosion process was not strong
enough to remove the Jabal pur Group from the basement.
This study also supports the palaeogeographic
reconstruction at the time of deposition of Lameta
Formation proposed by Chandra and Bhattacharya [7].
According to these authors, the marine transgression that
advanced through Narmada Valley probably inundated
much of the Jabalpur Group in the east. Prior to this
transgression, however, the Gondwana of this region
underwent some epeirogenic movements [44]. The
mildly positive areas, thus produced and the basin floor
were largely occupied by the Jabal pur Group, at least in
the eastern and northern limits of the Lametabasin. These
mildly positive areas (Jabalpur Group) along the basin
margin supplied alarge part of the Lametaclasticswhich
buried much of theintrabasinal Jabal pur Group, forming
the basin floor [7].

7. Conclusions

a. The sandstone are fine to medium grained, mostly
poorly sorted, sometimes moderately sorted to
moderately well sorted. The roundness of the grains
is generally subangular to subrounded.

b. The average composition of the sandstone is quartz
- 98.3%, feldspar - 1.15%, mica - 0.34% and rock
fragments - 0.28%. The heavy minerals consist of
opaques, epidote, tourmaline, garnet, rutile, staurolite
and tremolite- actinolite.

c. The sand size sediments probably have undergone
transportation to a distance of a few hundred
kilometersand were chemically weathered under the
humid climate in tropical belts to produce mature
lithology Therefore, palaeoclimate was the leading
factor to the modification of highly quartzose
sandstones of the Lameta Formation.

d. The Petrofacies analysis suggests a continental block
provenance with source on stable craton that supplied
sedimentsto the Narmadarift. The detrituswas deeply
wesathered, because of their long residencetimein soil.
Thefault bounded basement uplift along incipient rift
belts within the continental block generally shed

arkosic sands into the adjacent basin, but deposition
of quartz rich detritus into the Narmada rift, most
probably wasinfluenced by warm and humid climate,
low relief and long residence timein soil.
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