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Cretaceous (Maastrichtian) deposits of the Lameta Formation crop out along the eastern part of Jabalpur 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 Dutta diagram, the mean values of the ratio were
plotted and that indicate a humid Paleoclimate in this area. The plate tectonic setting and provenance of the sandstone
were interpreted using the Dickinson’s method of detrital modes and Qt-F-L, Qm-F-Lt, Qp-Lv-Ls and Qm-P-K triangular
diagrams. The petrofacies analysis of the Lameta Formation suggest mainly craton interior in a rifted 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 Jabalpur Groups.
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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 a long 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 possible factors influencing detrital composition. The
petrofacies analysis was carried out to interpret the
tectonic setting and provenance of the Lameta Formation.

The Cretaceous strata of the Jabalpur area,
represented by the Lameta Formation, attain a maximum
thickness of about 40 m [5]. The stratigraphy by [6] for
the Lameta Formation of Jabalpur area has subsequently
been modified by several workers [7, 8]. The stratigraphic
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

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

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

Late Cretaceous Deccan flows
Intertrappean sediments

(Maastrichtian) Deccan flows

Lameta Beds
Upper calcified sandstone
Mottled nodular bed
Lower limestone
Green sandstone

………Unconformity…………
Jabalpur Group
(Channel sandstone; to overbank thin

Mid-Jurassic white to brown
Early-Cretaceous sandstone; fire clays)

Precambrian ………Unconformity…………
Mahakoshal Group
(Meta-sedimentary sequence, complex deformed)
Granite basement
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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 relationship 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 grains were counted per thin section. The grid
spacing used in the point counting exceeded the grain

size so as to avoid individual grains being counted more
than once [13]. The measured data were grouped into
half Phi class interval of [14] grade scale and the number
frequency percentages were recalculated as number
cumulative percentage. Statistical parameters of grain
size distribution 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 grains were 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 size and poorly
to moderately well sorted textures. Statistical parameters
include graphic mean (0.91φ to 3.38φ, average 2.20φ),
Inclusive graphic standard deviation (0.44φ to 1.46φ,
average 0.84φ), 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 Lameta sandstone is mainly
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%)
origin as well as micas - 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. The recrystallized 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

Fig. 1: (A) Geological Map of Jabalpur area, Madhya Pradesh,
India (B) Column showing location of the samples
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(Fig. 2A) of Basu et al.[17]. The data plot 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 minerals with 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. Thus the high

Z-T-R value along 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 palaeoslope may be equated
with the pre-trappean topography, which according to
Roy-Chawdhury [22] is an irregular 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 Jabalpur Group.

In this study the detrital modes were recalculated to
100 percent as the 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
in the continental block provenance with source on stable
craton (Fig. 3A). On the Qm-F-Lt plot all data plot in

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

Fig. 3: (a, b, c, d) Provenance discrimination diagrams after [23].
The Provenance fields in A and B are Continental Block (I): IA-
Craton Interior, IB-Transitional Continental, IC-Basement Uplift
Recycled orogen (II); IIA-Quartzose, IIb Transitional, IIC-Lithic
Magmatic Arc (III); IIIA-Dissected, IIIB- Transitional, IIIC-
undissected, IV-Mixed CI- Rifted Continental Margin, II-
Subduction Complex, III-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-Ls plot most of the points lie at the rifted continental
margin provenance field with little contribution from
collision suture and fold thrust belt (Fig. 3C). The Ls in
the studied sandstones in the form of chert, siltstone
and shale. On the Qm-P-K plot (Fig. 3D) all the points
lie in the increasing maturity and stability field of the
continental block provenance.

The plots 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
a polygenetic source gives a more resolved picture about
the tectonic elements. The sample data fall in the rifted
continental provenance reflecting no contribution from
the volcanic source. The Qm-P-K diagrams suggest
mineralogical maturity of the sediments. The sandstone
petrofacies and heavy mineral suits of 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 the ratio of polycrystalline quartz to feldspar plus
rock fragments against the ratio of total quartz to feldspar
plus rock fragments [31]. The climate in the area has
been interpreted as humid (Fig. 2B).This interpretation
gets support from Paleogeographic reconstruction of the
Narmada region 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
alterations [36]. However, climate alone cannot produce
quartz rich sands. This is 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 is low. 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 a few 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 also
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 a bimodal distribution of detrital material
indicating varied sources [38].

6.3 Source Rock Composition

Though, the detrital mineralogy of the Lameta Formation
appears to 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, be inferred that
Lameta 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 Narmada basin is bounded by a system of dextral
wrench faults [39], slightly diverging towards the west.
This system of faults delineates the Narmada-Son
lineament, a geofracture extending into the Moho at a
depth of 35 km to 40 km [40, 41]. The lineament existing
since Early Precambrian has a long and varied
geotectonic history [42, 43, 2]. It has been reactivated
from time to time till recent times. Its reactivation 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
sands form a roughly 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 Jabalpur 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 Jabalpur Group, at least in
the eastern and northern limits of the Lameta basin. These
mildly positive areas (Jabalpur Group) along the basin
margin supplied a large part of the Lameta clastics which
buried much of the intrabasinal Jabalpur 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
kilometers and 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
sediments to the Narmada rift. The detritus was deeply
weathered, because of their long residence time in soil.
The fault 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 was influenced by warm and humid climate,
low relief and long residence time in soil.

8. Acknowledgements

The authors gratefully acknowledge the help received
from the Chairman, Department of Geology, in
completing this work. They also thank Professor DM
Banerjee and Dr UK Shukla for their critical and useful
comments on the earlier version of the manuscript.

References
1. Biswas SK Tectonophysics 135 (1987) 307.

2. Shanker R Jour Geol Soc India 37 (1991) 211.

3. Shanker R Indo-Soviet Symposium on rifted basin and
aulocogen related sedimentation (1990) 35.

4. Sahni A and S Bajpai Jour Geol Soc India 32 (1988) 382.

5. Tandon SK and JE Andrews Sedimentology 48 (2001) 339.

6. Matley CA Record Geol Surv India 53 (1921)143.

7. Chanda SK and A Bhattacharya Jour Geol Soc India 7
(1966) 91.

8. Tandon SK, A Sood, JE Andrews and PF Dennis Palaeog
Palaeocl Palaeoec 117 (1995) 153.

9. Von Huene F and AA Matley Palaeony Indica 21 (1933) 1.

10. Chatterjee S Jour Palaeontology 52 (1978) 570.

11. Singh IB India Jour Paeont Soc India 26 (1981) 38.

12. Tandon SK, VK Verma, V Jhingran, A Sood, S Kumars, RP
Kohli and S Mittal In Sahni and Jolly A (Eds) Cretaceous
Event Stratigraphy and the correlation of the Indian Non-
marine strata Chandigarh (1990) 27.

13. Van der Plas L and AC Tobi Am Jour Sci 263 (1965) 87.

14. Ventworth CK Jour Geology 30 (1922) 377.

15. Folk RL Petrology of Sedimentary Rocks Austin Texas
Hemphill (1980) 182.

16. Ingersoll RV, TF Bullard, RL Ford, JP Grimm, JD Pickle
and SW Sares Jour Sed Petrol 49 (1984) 1217.

17. Basu A, SW Young, IJ Suttner, WC James and GH Mack
Jour Sed Petrol 45 (1975) 873.

18. Carver RE In RV Carver Ed Procedures in Sedimentary Petrol
John Willey Interscience (1971) 653.

19. Milner HB Sedimentary Petrography Part-II George Allen
and Unwin Ltd London (1962) 715.

20. Dickinson WR and CA Suczek Am Assoc Petrol Geol Bull
63 (1979) 2164.

21. Hubert JF Jour Sed Petrol 32 (1962) 440.

22. Roy MK Chowdhury Jour Geology 86 (1958) 423.

23. Dickinson WR In Zuffa GG Ed Provnance of Arenites D
Reidel Dordrecht (1985) 331.

24. Young SW, A Basu, G Mack, N Darnell and LJ Suttner Proc
IXth Inter Sedimentological Cong Nince France (1975) 201.

25. Basu A Jour Sed Petrol 46 (1976) 694.

26. Basu A In Zuffa GG Ed Provenance of Arenites D Reidel
Dordrecht (1985) 1.

27. Potter PE Jour Geology 86 (1978) 423.

28. Suttner LJ, A Basu and GH Mack Jour Sed Petrol 51 (1981)
1235.

29. Franzinelli E and PE Potter Jour Geology 91 (1983) 23.



56 AHM Ahmad Ansari, SM Sayeed and AF Khan

30. Mack GH Jour Sed Petrol 54 (1984) 212.

31. Suttner LJ and PK Dutta Jour Sed Petrol 56 (1986) 329.

32. Akhtar K and AHM Ahmad India Sediment Geology 71
(1991) 23.

33. Grity GH Jour Sed Petrol 61 (1991) 428.

34. Anirudham S, KP Thrivikranji and PT Roy Chacko Jour Geol
Soc India 43 (1994) 425.

35. Smith AG, AM Hurley and JC Briden Phanerozoic
Palaeocontinental World Maps Cambridge University Press
(1981).

36. Armstrong-Altrin JS,  II Lee Young, SP Verma and S
Ramasamy Jour Sed Research 74 (2004) 285.

37. Ruxton BP Mem Geol Surv India 85 (1970) 133.

38. Shukla UK and R Srivastava Cretaceous Res In Press (2008).

39. Das B and NP Patel Jour Geol Soc India 25 (1984) 267.

40. K L Kaila,VG Krishnan and DM Moll Tectonophysics 76
(1980) 99.

41. Kaila KL, PR Reddy, MM Dixit and P Koteswara Rao Jour
Geol Soc India 26 (1985) 465.

42. Crawford AR Jour Geol Soc India 19 (1978) 144.

43. Chaubey VD Abst 28th International Geological Congress
Washington (1989) 287.

44. Krishnan MS Mem Geol Surv India 85 (1953) 131.


