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Abstract: Bijoliya area is the second largest sandstone producing area in the state. The area 
mainly comprises sandstone and shale and belongs to Lower Bhander Group (Bundi Hill 
Sandstone) of Vindhyan Supergroup. The sandstones of the area are generally well sorted and 
mainly consist of quartz whose modal abundance ranges from 84 to 97%. Feldspars and lithic 
fragments are present in a very minute amount. In the Q-F-L diagram for classification, all the 
samples of the area fall in the field of “quartz arenite”. Sandstones of the area contain little or 
no clay and are dominantly sorted but do not have well rounded grains. Thus according to 
Folk’s stages of maturity, these sandstones fall under texturally “mature stage” category. On the 
Q-F-L and Qm-F-L provenance discrimination ternary diagrams, majority of the sandstones of 
the area are plotted in the field of “Continental Block Province”. The sedimentary structures 
and petrological characteristics indicate a shallow water littoral (beach) origin of these 
sandstones.  
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INTRODUCTION 
 

Sandstone is one of the most common types 
of sedimentary rock and found in 
sedimentary basins throughout the world. 
Rajasthan has huge sandstone occurrences 
and geologically most of the sandstone 
deposits belong to the Vindhyan and the 
Marwar Supergroups of the Late-Proterozoic 
to Early Cambrian age. The Vindhyan 
Sedimentation in Rajasthan took place in 
two different sub-basins, the Chittorgarh-
Jhalawar sub-basin in the southwest and the 
Sapotra-Karauli sub-basin in the northeast. 
The two sub-basins which later came under 
one cover of the sediments were separated 
by a median upland near Bundi. 
 
Bijoliya area comes under Mandalgarh 
Tehsil of Bhilwara district, Rajasthan and 
falls under the Survey of India Toposheet 
No. 45-O/8. The area is 90 kms from 
Chittorgarh on Chittorgarh – Kota National 
Highway. Bijoliya area is the second largest 

sandstone producing area in the state. The 
area mainly comprises sandstone and shale 
belonging to Lower Bhander Group (Bundi 
Hill Sandstone) of Vindhyan Supergroup. 
According to Prasad (1981, 1984) there are 
different sandstone horizons in the area 
which are separated by shale horizons. In 
Bijoliya area there are three major sandstone 
horizons separated by two major horizons of 
shale. 
 

PETROGRAPHY 
 

In the present study a total 30 sandstones (27 
samples) and shale (3 samples) of study area 
have been studied at macroscopic and 
microscopic level. The samples were 
selected randomly on the basis of variation 
in colour, texture and field relationship. The 
sandstones from the area are very hard and 
compact due to the abundance and close 
interlocking of quartz grains. In addition to 
quartz, the sandstones contain scattered 
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grains of feldspars, lithic fragments, chert, 
tourmaline, zircon, muscovite and biotite.  
 
The sandstones of the area are generally 
well sorted and mainly consist of quartz 
whose modal abundance ranges from 84 to 
97%. The quartz is generally fine grained; 
however, at places larger grains of quartz 
also occur. The quartz grains are having sub-
angular to sub-rounded outlines. Rarely, 
however, quartz grains with rounded 
boundaries also occur. Most of the quartz 
grains show uniform extinction however, a 
few of them, display undulatory extinction 
due to strain induced crystallographic 
dislocation in lattice. Some of the quartz 
grains show fractures, which are filled with 
cement or opaque material. Quartz occurs 
both as monocrystalline and polycrystalline 
grains. The monocrystalline variety is much 
more abundant than the polycrystalline. 
Whereas some of the quartz grains display 
sutured boundaries, others show straight 
outlines.  
 
Feldspars are present in very minute amount 
and are generally altered.  As compared to 
quartz, most of the feldspars grains display 
sutured boundaries. Lithic fragments are 
also encountered in few sandstones. Lithic 
fragments are generally considered to be one 
of the common constituents of sandstones, 
however, their abundance in the studied 
samples is rather low. Few grains of chert 
are also found in these sandstones, which are 
fine to medium in size, sub-spherical and 
having sub-angular to sub-rounded 
boundaries. Trace amounts of muscovite 
occur as flakes in the studied samples. The 
scarcity of mica in the studied samples 
probably reflects selective sorting of detrital 
grains during deposition. In addition to 
muscovite, scattered grains of zircon and 
tourmaline are also found in different 
samples.  The sediment of the present 
sandstones is found to be well cemented. 

Both type of cementing materials are found 
in the sandstones i.e. siliceous and 
ferruginous. The modal analysis of the 
samples reveals that the quartz is the 
dominating constituent of these sandstones. 
It ranges from 84.4% to as high as 97.3%. 
The feldspar and lithic fragments are 
relatively very low in proportion. Feldspar 
ranges from 0.5 to 1.6% only while lithic 
fragments are having variable presence i.e. 
from 0.2 to 2.6%. Mica is generally present 
in the sandstones in minor amount and 
ranges from 0.6 to 2.8%. Opaque minerals 
range from 0.8 to as high as 6.3%. The 
matrix is variable in composition and the 
proportion of matrix material varies from 
0.1 to 14.4%. 

 
Photomicrograph showing the sub-angular to 
sub-rounded, well sorted detrital grains in 
sandstone (Cross Nickol, 10X) 

 
Photomicrograph of sandstone showing 
monocrystalline quartz (Qm), polycrystalline 
quartz (Qp), and zircon (Zr) grains (Cross 
Nickol, 10X). 
 

International Journal of Scientific Research and Review

Volume 8, Issue 3, 2019

ISSN NO: 2279-543X

Page No: 865



 
Photomicrograph of sandstone showing lithic 
fragment (LF) with ferruginous cementing 
material (PPL, 10X). 

 
Photomicrograph showing the sub-rounded 
to rounded, moderately well sorted detrital 
grains in sandstone (Cross Nickol, 10X). 
 

 
CLASSIFICATION AND 

NOMENCLATURE 
 

For mineralogical classification, the 
percentage of Quartz(Q) – Feldspar (F) – 
Lithic Fragments (L) components are plotted 
in the Q-F-L triangular diagrams. The 
percentage value of Q-F-L is calculated 
from the model analysis data used for 
petrographic study following the three 
mineralogical end poles. The quantitative 
mineralogical classification of the Bijoliya 
sandstones have been made by following 
Pettijohn (1984) and James et al. (1986) in 
triangular diagrams. In the Q-F-L diagram, 

all the samples of the area fall in the field of 
“quartz arenite” (Figure 1). 
 

 
Figure 1: Q – F – L diagram for the 
classification of Bijoliya sandstone (After : 
James et al., 1986) 
 

MATURITY OF SANDSTONE 
 

Maturity of sandstone is defined in terms of 
mineralogy and texture. During weathering, 
transportation and deposition, due to prolong 
abrasion unstable and labile minerals are 
destroyed and the grains became mature.  
Plumley (1948) defined mature sandstone as 
one consisting of well sorted, 
mineralogically matured framework grains. 
Folk (1951) defined textural maturity as the 
degree to which sediments is free from 
interstitial clay and is well sorted and well 
rounded. He gave four stages of textural 
maturity i.e. (i) Immature Stage (sediments 
contains >5% clay matrix and poorly sorted 
angular grains), (ii) Sub – Mature Stage 
(sediments contains >5% clay matrix and 
poorly sorted angular to sub-angular grains) 
(iii) Mature Stage (sediments contains little 
or no clay matrix and sorted but not well 
rounded grains) and (iv) Super Mature Stage 
(sediments contains no clay and well sorted 
and well rounded grains). Almost all 
samples of the area contain little or no clay 
and are dominantly sorted but not having 
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well rounded grains. Thus according to 
Folk’s stages of maturity, these sandstones 
fall under texturally “mature stage” category. 

PROVENANCE STUDIES 
 

The type and relative abundance of detrital 
components in sandstones are useful for 
determining their provenance (Mackie, 
1899; Milner, 1926; Boswell, 1933; Krynine, 
1940 and 1950; Pittman, 1970; Folk, 1974; 
Basu et al., 1975; Pettijohn, 1975; Young, 
1976; Basu, 1985; Morton, 1985; Helmold, 
1985; Pettijohn et al., 1987; Amireh, 1991). 
These include quartz, feldspar, lithic (rock) 
fragments and heavy minerals. Dickinson 
and Suczek (1979) and Dickinson (1985) 
have emphasized the role of plate tectonics 
in determining the composition of 
sandstones on a regional scale. The 
composition of sandstones, however, is also 
affected by factors other than tectonic 
setting, viz., transportation history (Suttner, 
1974, Franzinelli and Potter, 1983), 
sedimentary process within the depositional 
basin and palaeoclimate (Basu, 1985; 
Suttner et al., 1981). Three principal types of 
tectonic settings or provenances have been 
identified (i). Continental block provenance 
(ii) Recycled orogen provenance and (iii) 
Magmatic arc provenance (Dickinsion and 
Suczek, 1979; Dickinson et al., 1983). 
 
On the Q-F-L ternary diagram (Dickinson 
and Suczek, 1979), majority of the 
sandstones of the area are plotted in the field 
of “Continental Block Province”. However, 
few are falling in “Recycled Orogen” 
provenance field (Figure 2). Further, on the 
Qm-F-L ternary diagram (Dickinson, 1988), 
all the samples of sandstones are falling in 
the field of “Continental Block Province” 
(Figure 3). Moreover, in Qm-F-L ternary 
diagram (Dickinson, 1970), all the samples 
of sandstones are falling in the field of 
“Craton Interior” (Figure 4). Such 
compositional plots for Bijoliya sandstone 

show that they were mainly derived from 
continental - block provenances. 
 

 
Figure 2: Provenance discrimination diagram 
of Bijoliya sandstone (After : Dickinson and 
Suczek, 1979) 
 
 

 
Figure 3: Provenance discrimination diagram 
of Bijoliya sandstone (After : Dickinson, 
1988) 
 
The Vindhyan Basin represent a typical 
stable cratonic basin formed over the 
cratonized Pre-Vindhyan crust. The Delhi 
orogenic cycle closing at 1450 Ma marks the 
last tectonothermal activity in the Aravalli – 
Bundelkhand terrain, setting the stage for 
the evolution of stable cratonic basin (Roy 
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and Jhakhar, 2002). The Bundelkahnd 
granite-gneiss and Berach granite (Early 
Precambrian) which constitute the basement 
of majority of Vindhyan sediments in the 
region of south-eastern Rajasthan, is 
considered as the likely source for the Upper 
Vindhyan sediments of  the area.  
 

 
Figure 4: Relation between framework 
composition and tectonic setting of Bijoliya 
sandstone (After : Dickinson, 1970) 
 

 
PALAEOENVIRONMENT AND 

PALAEOCLIMATE 
 

The Vindhyan sedimentation is traditionally 
attributed to near shore marine depositional 
environment (Valdiya et al., 1982). 
According to Akhtar (1973), the Bundi Hill 
sandstone in Mandalgarh area are deposited 
in barrier beaches with tidal inlets 
intersecting them. According to Akhtar, 
(1978), the predominant paleocurrent pattern 
in the Bundi Hill sandstone indicates long 
shore sediment dispersal pattern. The 
Bijoyia sandstone is fine sandstone 
intercalated with shale. The bulk of 
sandstone is well sorted and grains are sub-
angular to sub-rounded. Cross stratification 
is also common. Symmetrical as well as 
asymmetrical ripples are fairly abundant. 
Flat bedding and parting are well developed 

and also having high degree of textural 
maturity. In the absence of palaentological 
evidences, these features indicate a shallow 
water littoral (beach) origin. Further, the 
matrix is almost absent in most of the 
sandstone and quartz is much more abundant 
than feldspars and rock fragments. These 
features show very high energy conditions 
such as that prevailing in a very shallow 
marine environment (Pettijohn et al., 1987). 
The absence of matrix and abundance of 
quartz grains suggests falling of the sea level 
(Bertram et al., 1996). 
 
Climate affects sand composition through its 
influence on pedogenic process which 
brings about parent rock destruction. The 
pedogenic process converts a small 
population of large rock fragments into 
detritus made up of several populations of 
smaller rock fragments and monomineralic 
grains, including polycrystalline quartz. 
Young et al. (1975) and Basu (1975) have 
shown that if the same phaneritic crystalline 
parent rocks are weathered in contrasting 
wet and dry climates under comparable 
conditions of relief, the detritus produced 
will have a framework composition unique 
to the climate in which it is produced. They 
have demonstrated that ratio of feldspars 
plus lithic fragment to polycrystalline quartz 
are sensitive indicators of the climatic 
heritage of sand. This climatic signature will 
be preserved in the sands when they are 
deposited if such sands do not suffer 
sedimentary differentiation viz long distance 
transport and deposition in high energy 
littoral environment (Suttner et al., 1981). A 
bivariant log/log plot of the ratio of 
polycrystalline quartz to feldspars plus rock 
fragments permits to discriminate climate 
over the sandstone composition (Suttner and 
Dutta, 1986). 
 
In the bivariate log/log plot (Figure 5) all the 
samples of the sandstone of the area are 
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falling in the “Humid” palaeoclimatic 
conditions. According to Pettijohn et al. 
(1987) and Amireh (1991), the scarcity of 
feldspars and rock fragments (lithic 
fragments) suggests that the source area for 
the sandstone underwent a long period of 
intensive chemical weathering in a warm 
humid climate. 
 

 
Figure 5: Palaeoclimate determination – 
Log/Log bivarient plot for the Bijoliya 
sandstones (After : Suttner and Dutta, 1986) 
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