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The study mainly deals with the depositional environment, provenance and diagenetic history of Patherwa Formation 
sandstone of Son Valley. The distribution of facies association represented by tide infl uenced fl uvial channel deposits that 
grade upwards into other facies associations denoting increased tidal energy, indicates that deposition took place during 
a transgression. The sandstones are generally medium to coarse grained and moderately to moderately well sorted. The 
constituent mineral grains are subangular to subrounded. These sandstones are composed of several varieties of quartz, 
feldspar, rock fragments, mica and a suite of heavy minerals derived from the Bundelkhand Gneissic Complex and Ma-
hakoshal Group of rocks. The petrofacies studies refl ect derivation of the sediments from a plutonic and middle to high 
rank metamorphic terrain. Mechanical compaction resulted in the rearrangement of grains with long and point contacts. 
The sandstone was cemented by silica, iron oxide and carbonate in the order of abundance. Silica overgrowths are well 
developed on monocrystalline quartz than polycrystalline ones. The existing porosity developed due to dissolution of 
feldspar grains and iron and carbonate cement. These observations suggest progressive compaction, which may have been 
initiated at the sediment water interface and continued with deep burial and consequent diagenesis. 
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1. Introduction
The Vindhyan Supergroup is represented by a thick pile 
of sediments belonging to the Semri, Kaimur, Rewa 
and Bhander Groups. It is one of the largest Proterozoic 
sedimentary basins of India. It is spread over an 
estimated 1,00,000 Km² area extending from Sasaram 
in the east to the Chittorgarh in the west (Figure 1) [3].
The Semri Group depicts cyclic sedimentation of a 
normal sedimentary sequence of rudaceous/arenaceous, 
argillaceous and carbonate facies (Table 1).The Semri 
Group is folded [14], whereas the upper Vindhyan 
are known to be tectonically undisturbed. They show 
variable thickness exceeding 4500m at places in the 
eastern part of the Son Valley, implying accumulation in 
a subsiding basin [38]. Palaeocurrent data indicate that 
the basin lying between the Satpura-Delhi fold belts and 
the Bundelkhand massif received sediments from south, 
west and north atleast in the early stages of deposition 
[31,5,23,33]. Observations regarding the palaeocurrent 
measurements in the Semri Group sandstones indicate 
north-westerly currents operative in a WNW direction 
[39]. Several workers [11, 2, 23] have shown that the 
lower part of Semri Group was deposited on the uneven 
floor of two sub-basins. Sedimentation of Kaimur 
Group over Semri Group in Son Valley is continuous 
up to Chittorgarh in eastern Rajasthan, while in the 

Bundelkhand terrain a clear unconformity separates 
the Semri and Kaimur Groups. Vindhyan sediments are 
believed to have deposited in environments ranging from 
fl uvial to deep marine [7, 9, 14].

 The Vindhyan sedimentary rocks are mostly marine 
possibly deposited in an E-W elongated epeiric sea 
opening westward [8, 13]. Based on palaeocurrent data 
across the basin it is inferred that the clastic sediments of 
the lower and upper Vindhyan are derived largely from 
the Satpura-Bijawar highlands to the south, locally from 
Bundelkhand massif in the north, and Delhi-Aravalli 
fold belts in the west [33]. The basin extended and 
deepened towards north and northeast in the direction of 
paleoslope. Despite its very old age and huge thickness 
of sediments [1] the Vindhyan sediments are mildly 
deformed and a little metamorphosed. The present 
study mainly deals with the depositional environment, 
mineralogical composition, texture and diagenetic history 
of sandstones of the Patherwa Formation. An attempt is 
also made to interpret provenance on the basis of the 
detrital mineral compositions and petrofacies analysis. 
The Patherwa Formation forms the basal part of the Son 
Valley sedimentary sequence comprising sandstones 
and conglomerates, resting unconformably upon the 
Mahakoshal Group of rocks.
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Table 1: Stratigraphic Succession with Litho Assemblage of the Vindhyan Supergroup in parts of South UP (after Gupta et al., 2003) [24].

CHOPAN AREA
Super Group Group Formation Lithology Thickness (m)
  Rohtas Limestone Flaggy limestone with cherty parting Black paper-thin shale, porcellanic shale 70-120  Rohtas Limestone Flaggy limestone with cherty parting Black paper-thin shale, porcellanic shale 70-120
   with calcareous nodules. 60-350 with calcareous nodules. 60-350

   Blocky, massive, light-grey, brown, fawn-colored Stylolitic limestone.  80-200   Blocky, massive, light-grey, brown, fawn-colored Stylolitic limestone.  80-200
V SemriSemri Basuhari Greenish grey, khaki green, Olive green and porcellanic shales with siltstone 60-125 Basuhari Greenish grey, khaki green, Olive green and porcellanic shales with siltstone 60-125
I Group I Group Sandstone interbeds.Sandstone interbeds.
N
D   D   Glauconitic sandstone, silty sandstone, greenish grey and khaki to brown quartz 80-150Glauconitic sandstone, silty sandstone, greenish grey and khaki to brown quartz 80-150 
H   H   arenites.arenites.
Y Y 
A  A  Bargawan Limestone Fawn colored cherty limestone with quartz grain and black chert beds. 20-25Bargawan Limestone Fawn colored cherty limestone with quartz grain and black chert beds. 20-25
N      
   Fawn to light grey colored compact cherty Limestone with stromatolites bands. 40-80   Fawn to light grey colored compact cherty Limestone with stromatolites bands. 40-80

   Argillaceous fl aggy limestone with siltstone Interbeds.   Argillaceous fl aggy limestone with siltstone Interbeds.
  Kheinjua Shale Olive to greenish grey, khaki, Splintery shale with calcareous inter-beds and partings. 350-600  Kheinjua Shale Olive to greenish grey, khaki, Splintery shale with calcareous inter-beds and partings. 350-600

  Chopan Light grey, greenish porcellanic shales, ash, 400-900  Chopan Light grey, greenish porcellanic shales, ash, 400-900
  Porcellanite tuff,agglomerate beds with arkosic sandstone.  Porcellanite tuff,agglomerate beds with arkosic sandstone.
  Kajrahat Siliceous, cherty.dolomitic limestone with 40-200  Kajrahat Siliceous, cherty.dolomitic limestone with 40-200
  Limestone argillite interbeds.  Limestone argillite interbeds.

   Blocky and slabby limestone and dolarentic 200-350   Blocky and slabby limestone and dolarentic 200-350
   With argillite interbeds.   With argillite interbeds.

   Light grey, black, slabby limestone, Stylolitic 30-350   Light grey, black, slabby limestone, Stylolitic 30-350
  Arangi Shale Bleached, purplish porcellanic shale and black carbonaceous shales. 70-200                            Arangi Shale Bleached, purplish porcellanic shale and black carbonaceous shales. 70-200                          
  Patherwa Sandstone Gritty to pebbly sandstone, medium grained sandstone and siltstone. 20-60  Patherwa Sandstone Gritty to pebbly sandstone, medium grained sandstone and siltstone. 20-60
   Conglomerate with cobbles, pebbles and clast of quartz, quartzite, chert,    Conglomerate with cobbles, pebbles and clast of quartz, quartzite, chert, 
   yellow to red jasper set in a sandy matrix.   yellow to red jasper set in a sandy matrix.

ANGULAR UNCONFORMITY/ FAULTED CONTACTANGULAR UNCONFORMITY/ FAULTED CONTACT
SIDHI MAHAKOSHAL   PhylliteSIDHI MAHAKOSHAL   Phyllite
GROUPGROUP

undulatory monocrystalline quartz (NUM), undulatory 
monocrystalline quartz (UM), polycrystalline quartz 
with two to three crystals per grain (PQ2-3c/g) and 
polycrystalline quartz having (more than two extinction 
units) with more than three crystals per grain (PQ>3c/g).
The nature of detrital grain contact was studied and 
classifi ed as proposed by Taylor [41]. The diagenetic 
study involves identifi cation of cements and features 
associated with compaction. 

3. Facies Analysis and Depositional Environment
Four stratigraphic sections were measured for vertical and 
lateral facies variation across the ridges, road cuts and 
river valleys at different outcrops over a stretch of about 
70km from west to east (Figure 1). The observed nine 
lithofacies that constitute and characterize the Patherwa 
Formation are, (a) Matrix-supported conglomerate 
facies (Gm), (b) Interbedded shale and thinly bedded 
fi ne-grained sandstone facies, (c) Tabular cross-bedded 
sandstone facies (Sp), (d) Trough cross-bedded sandstone 
facies (St), (e) Parallel laminated sandstone facies (Sl), 
(f) Ripple bedded sandstone facies (Sr), (g) Herring 
bone cross-bedded sandstone facies (S-hb), (h) Massive 
sandstone facies (Sm) and (i) Pebbly sandstone facies 
(S-Ps).

2. Methodology

The study is based on the measurement of four 
stratigraphic sections (Figure 1) and petrographic 
examination of sandstone samples. Samples collected 
at 50 cm intervals represented the total thickness of the 
formation. These samples were studied petrographically 
after etching and staining for calcite, potash feldspars and 
pore spaces. Alizarin Reds stain was used for identifi cation 
of the carbonate cement. Grain size analysis, estimation 
of roundness, types of grain contact, porosity reduction 
and types of cements were studied under microscope. 
Mean grain size and sorting were calculated following 
Folk [22]. Roundness was calculated by Power [31] 
method. Grain size measurement was carried out with 
the help of micrometer eye piece and Chayes [12] 
point counting technique. The statistical parameters of 
grain size distribution were determined with the help 
of cumulative frequency curves plotted on the basis 
of grain size data. For petrofacies analysis, the detrital 
modes were recalculated to 100 percent by summing up 
Qt, Qm, F, L and Lt framework constituents following 
Dickinson [20].

 The varieties of quartz in the medium grained quartz 
population were determined by the method proposed by 
Basu et al. [6]. The quartz grains were counted as non 
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 In this study, three distinct facies assemblages have 
been identifi ed based on the association of lithofacies 
with one another, their textural characteristics and 
sedimentary structures and their environment of 
deposition is interpreted. The three facies associations 
are:

3.1 Tidally influenced fluvial channel (Facies 
association A),

3.2 Tidal channel (Facies association B),

3.3 Tidal sand bar/ tidal sandy fl at (Facies association 
C).

Facies association A dominant in the basal part of the 
studied section, grades upward into deposits that show 
a stronger tidal infl uence producing the typical fi ning 

upward successions. Facies association B is better 
developed in the Markundi section whereas facies 
association C is more abundant in the Obra section.

4. Facies Association A: Tidally infl uenced Fluvial 
Channel
Facies association A is upto 5.5 m thick and occurs at 
the base of the Patherwa Formation where it consists 
of quartz dominant sandstone along with matrix 
supported conglomerate and pebbly sandstone. This 
facies assemblage comprises fi ning and thinning upward 
packages that are 2.5 m thick and are bounded at the 
base by erosional discontinuity surfaces. Three facies 
are present in this association in order of decreasing 
abundance: (a) tabular/trough cross stratifi ed (Figure 2a, 
b), (b) Matrix supported conglomerate and (c) pebbly 

Figure 1: Geological map of the study area, Figure showing the vertical and lateral variation and 
palaeocurrent pattern of the study area
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sandstone. The sandstones are poorly sorted, with of 
sub-rounded, coarse to medium grained sands which 
display tabular/trough cross stratifi cation characterised 
by set thicknesses of 0.3m to < 5cm. The cross beds 
decrease in size up and dip consistently at low angles 
(10 º– 20º). Although they dip dominantly to the N/NE, 
oppositely dipping S/SW cross sets are also common. 
Additionally, reactivation surfaces are abundant and 
defi ne foreset packages averaging 10cm thick. Matrix 
supported conglomerate (Gm) facies is dominantly 
confi ned to the base of the fi ning upward succession and 
consists of poorly sorted conglomerate composed of clast 
of previously lithifi ed laminated sandstone. Sedimentary 
structures are incipient type and dominated by trough 
cross stratifi cation and normal grading.

4.1 Interpretation
Facies association A is attributed to tidal infl uenced 
fl uvial channels. The presence of deposits with concave 
upward basal surfaces, though not exclusive, is suggestive 
of fl ow confi nement within the channels [14] Where 
this feature is not present, the fi ning thinning upward 
facies successions are bounded by sharp, erosional 
basal surfaces attesting to deposition during a regime of 
decreasing fl ow energy, as typical of channel fi lls [8, 9, 

14] Facies Gm records episodes of highest energy. Facies 
St was formed by migration of small to medium scale, 
2D or 3D bed-forms within channels.

 Poor sorting coupled with very coarse sand to gravel 
grain sizes and a scarcity or absence of bioturbation are 
features that has led us to attribute a tidally infl uence 
fl uvial origin for this facies association, distinguishing 
it from other channel deposits formed under dominant 
tidal processes. Bipolar cross beds coupled with the 
reactivation surfaces are suggestive of some degree of 
tidal reworking. The dominance of the foresets dipping 
consistently at low angles is further evidence in support 
of tidal infl uence, as migration of 2D and 3D in a tidal 
setting typically results in cross sets that display low 
angle dipping foresets [16, 43].

5. Facies association B: Tidal channel
This facies association is upto 10m thick and consists 
of tabular and trough cross stratifi ed sandstone (Facies 
St), laminated sandstone (Facies Sl), massive sandstone 
facies (Sm) and herringbone cross bedded sandstone 
facies (S-hb) (Figure 2c). Facies St consists of moderately 
sorted, subangular to subrounded, coarse to very fi ne-
grained tabular and trough cross-stratifi ed sandstone. 
The cross-sets, upto 0.3 m thick, consistently display 

Figure 2a: Field photograph showing tabular cross bedding (Obra), b= trough cross-bedding (Markundi), c= Herring-bone cross-bedding (Hardi), 
d= asymmetrical ripple marks (Kewta).

a
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low angle foresets. Palaeocurrent patterns indicate main 
vectors towards the NNE and SSW directions. A typical 
feature of Facies St is 5-10 cm thick stacked packages of 
foresets defi ned by reactivation surfaces. Facies St locally 
grades laterally into fi ne to very fi ne-grained, laminated 
sandstone (Facies Sl). The sandstones of this facies are, 
in general, moderately sorted to moderately well sorted 
with subrounded grains and form packages that are 0.1- 
0.2 m thick with alternating thicker and thinner bundles. 
Thicker sandstones so plane parallel stratifi cation, cross 
stratifi cation, or are structureless. Locally cross-strata 
display opposite dipping foresets.

5.1 Interpretation 
Like facies association A, facies association B was also 
formed by confi ned fl ows within channels as indicated 
by the basal concave upward erosional bounding surface. 
The organization of internal confi guration, thinning 
and fi ning upward successions formed by the upward 
gradation from intraformational conglomerates to 
sandstones [36] attests to deposition during a waning 
fl ow regime [ 37, 39] typical of channels prone to lateral 
accretion. Sedimentary features similar to the ones 
described here have been found in association with many 
tidal channel deposits described in the literature [35, 17, 
28, 29, 30].

6. Facies Association C: Upper fl ow regime tidal 
sand fl at/sand bar
Facies association C upto 5m thick is very widespread 
in the studied area, in which the deposits are laterally 
continuous forming tabular packages that are bounded at 
the base by either planar or slightly undulating surfaces. 
These deposits are sometimes lenticular with lenses 
upto 0.4m thick and 6m long with fi ning and thickening 
upward cycles.
 This facies association consists of horizontal, 
laminated to low angle dipping cross-stratifi ed sandstone, 
tabular and trough cross-stratifi ed sandstone and climbing 
current ripple cross laminated sandstone. These deposits 
are well sorted with well rounded, fi ne to medium grained 
sandstones. Pinch and swell structures and symmetrical- 
asymmetrical ripple marks are also seen (Figure 2d). 
Undulating laminations display internal truncations 
which form broad scours or swales. Current ripple facies 
occurs locally, being characterised by tabular or highly 
undulating lower set boundaries. Facies St and Sc are 
subordinate and intergrade with facies Sl resulting in 
individual packages of 10-20 cm thickness.

6.1 Interpretation
Facies association C is infered to be tidal sand bar/ 
sand fl at deposits, based on the prevalence of tabular 
sandstones, internally displaying horizontal to low angle 
dipping stratifi cation. The abundance of parting lineation 

in facies Sl indicates that the sediment accumulation took 
place in the upper fl ow regime condition [36, 42]. The 
rhythmic alternations of facies Sl and facies St indicate 
fluctuating upper to lower flow regime conditions. 
Considering the inferred depositional setting, this facies 
appear to be a product of the tidal process. The presence 
of swell and pinch, symmetrical ripple marks and the 
large swales indicate frequent wave reworking [18]. In 
particular, scours similar to the ones described here are 
common in nearshore areas that have undergone periods 
of higher energy fl ow suggesting storm wave reworking 
[10, 27, 15, 26, 30]. These characteristics in conjunction 
with other facies associations refl ect deposition in the 
upper fl ow regime of the tidal sand fl ats [27,30]. Many 
ancient tidal sand bars record similar upward-fi ning 
lenticular sandstone bodies [16, 34, 35, 25]. Tidal bars 
are commonly recorded in association with upper fl ow 
regime tidal sand fl at deposits in confi ned areas along 
coasts dominated by high tidal velocities [16, 30].

 The facies data presented here confi rms tidal currents 
as the main process responsible for deposition of the 
sandstone units in the Patherwa Formation. Evidence 
of the tidal processes includes the abundance of cross 
sets with reactivation surfaces, the local presence of 
tidal bundles and reversed foresets. The variety of facies 
association interpreted above is consistent with a tide-
dominated estuarine model.

7. Texture and Composition
The present study is based on sixty sandstone samples. 
The mean size ranges from 0.97Ф to 3.39Ф with an 
average of 2.31 (Table 2). These sandstones are medium 
grained (63%) followed by fi ne grained (28%) and coarse 
grained (9%) population. Variation in grain size is not 
uniform in several samples. Such variations suggest 
that during deposition the current was not of uniform 
strength.
 Sorting characteristic of these sandstones are given 
in (Table 2). Folk [22] suggested that sorting of the 
given source material decreases in a sequence of aeolian, 
beach, river (or near shore marine) and offshore marine 
environments. Sorting values in the1Ф to 3Ф sand class 
generally range from 0.35Ф to 1.0Ф for river (or shallow 
marine) sands [22]. Mean size of these sandstones (1.0 
Ф to 2.0Ф), and their sorting values are comparable 
with those of modern fl uvial sediments. Sorting values 
in the range of 0.52Ф to 1.92Ф seem to represent the 
river or shallow marine sands [22]. The sand grains are 
subangular to subrounded. The distribution which is 
unimodal with subrounded class is the modal class where 
in the mean roundness is 0.41. 
 The different varieties of quartz recognized on the 
basis of Folk’s [22] classifi cation, include plutonic quartz 
(84%), vein quartz (1%) recrystallised and stretched 
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Table 2:  Grain Size, sorting, framework modes of sandstones of Patherwa Formation, Son Valley (Based on Folk 1980) [22].

Sample Total  Common Vein Recrystallised Stretched Rock Feldspar Mica Graphic Inclusive Mean
 Quartz (%) Quartz (%) Quartz  Quartz  Quartz  fragment (%) (%) Mean (Mz) Graphic  Roundness 
   (%) (%) (%)  (%)    Standard 
          Deviation 
          (σ1) 
Facies Association A
Range 84-99 69-89 0-5 1-13 0-10 1-3 0-6 0-14 1.06-2.83 84-99 69-89
Average  81 1 6 5 2 3 2 2 93 81
Facies Association B
Range 83-96 72-91 0-2 1-13 0-5 1-3 1-7 0-9 0.98-3.39 0.52-2.14 0.37-0.47
Average  84 1 5 3 1 4 2 3 1 0.41
Facies Association C
Range 82-97 68-93 0-3 1-7 0-9 1-3 0-8 0-9 0.97-3.23 0.62-2.25 0.32-0.45
Average  84 1 4 3 2 4 2 2 1 0.41

metamorphic quartz (5 and 4%) (Figure 3a). Muscovite 
and biotite of green and brown variety occur as large 
fl akes. The mica grains usually bend around quartz grains 
showing the effect of compaction.

 Orthoclase, plagioclase, and microcline feldspars 
constitute upto 4% of the bulk. Most of it as altered to 
kaolinite. The rock fragments include phyllite, chert and 
schist (2%) (Figure 3b, c). Heavy minerals are opaques, 
tourmaline, biotite, epidote, garnet, zircon, staurolite and 
rutile.

8. Provenance
Plutonic quartz in the Patherwa Formation sandstone is 
apparently derived from granitic batholiths or granitic 
gneisses. The presence of recrystallised quartz indicates 
a metaquartzite or granite gneiss provenance. The 
stretched quartz was probably derived from granites, 
schists, gneisses or quartz veins. Muscovite and biotite 
grains were derived probably from granites, pegmatites 
or schists. 

 The Heavy minerals, tourmaline and zircon indicate 
an acid igneous source. On the other hand, the presence 
of garnet and epidote refl ects a metamorphic source. 
Rounded to subrounded grains of tourmaline, rutile, 
staurolite and zircon are indicative of a multicycled 
source for the sediments. Therefore the heavy minerals 
in the studied sandstones refl ect a mixed provenance 

represented today by the Bundelkhand Gneissic Complex 
and the Mahakoshal Group of rocks. Exhibit bidirectional/ 
bimodal patterns, with modal axis and subsidiary modes 
generally towards SW, NNE and SE. The detrital modes 
of sandstone primarily refl ect different tectonic settings 
of the provenance but various other factors which affect 
sandstone compositions are relief, climate, transport 
mechanism, depositional environment and diagenetic 
change.

 On the standard Qt-F-L plot the studied samples from 
facies associations A, B and C lie mainly in the continental 
block provenances with a source on a stable craton (Table 
3). This plot suggests a maturity of the provenance, in 
the region of craton interior. Petrofacies plots in general 
show that the samples falling in the recycled orogen 
provenance fi eld are commonly derived from pre-existing 
metasedimentary and sedimentary rocks that were 
initially deposited along the passive continental margins 
[19, 20]. On the Qm-F-Lt plot, Patherwa sandstone fall 
in the recycled orogen provenance fi eld. The petrofacies 
and heavy mineral suites together indicate multiple 
provenances for these sandstones. The data on the types 
of quartz (Table 4) when plotted on the provenance 
discrimination diagram of Basu et al. [6], defi ne plutonic 
and middle to high rank metamorphic fi elds with almost 
equal contribution from both. This plot yields consistent 

Table 3: Framework modes of the sandstones of Patherwa Formation, 
Son Valley. (Based on Dickinson, 1985) [20]
Qt=Total quartz, Qm=Monocrystalline quartz, F: Total feldspar, 
L: Lithic, Lt: Total lithic
Sample Qt F L Qm F Lt

Facies Association A
Range 92-99 0-5 1-4 61-93 0-5 6-39
Average 95 3 2 84 3 13

Facies Association B
Range 91-97 2-7 0-3 70-93 2-8 6-22
Average 95 4 1 84 4 12

Facies Association C
Range 90-99 0-8 1-3 77-93 1-8 6-16
Average 95 3 2 88 3 9

Table 4: Types of Quartz in the sandstones of Patherwa Formation, 
Son Valley.

Sample Non- Undulatory Polycrystalline
 undulatory  Monocrystalline Quartz
 Monocrystalline  Quartz
 Quartz  2-3 > 3 
   Crystals Crystals

Facies Association A
Range 70-90 6-27 4-13 0-3
Average 78 14 7 1

Facies Association B
Range 67-84 11-27 2-9 0-3
Average 76 18 5 1

Facies Association C
Range 76-88 6-18 3-10 0-5
Average 82 12 5 1
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Figure 3a=Photomicrograph showing recrystallized metamorphic Quartz, b= chert with matrix, c= phyllite grain, d= point, long and 
concavo-convex contacts, e= silica overgrowth, f= iron cement, g, h=quartz grain corroded by carbonate cement
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results that indicate a source area containing largely 
plutonic and middle to high rank metamorphic rocks, 
which represent the exposed roots of magmatic cores or 
an older crystalline basement in the area [19].

9. Diagenesis

9.1 Compaction
 Sixty thin sections of representative sandstone samples 
were chosen for diagenetic studies which included the 
study of compaction, cementation and their role in the 
evolution of porosity. 200-250 points were counted in 
each thin section. Various types of grain to grain contacts 
were point-counted with a view to estimating pore 
space reduction as a result of compaction. The average 
percentages are; fl oating grains-1 %; point contacts-20%; 
long contacts-75%; concave-convex contacts-3 % and 
sutured contacts 1% (Table 5) (Figure 3d). Dominance of 
point and long contacts indicates that the sand grains did 
not suffer much pressure solution and the long contacts 
seem to have developed in the early stages of compaction 
as a result of rotation and adjustment of grains with 
adjacent grained boundaries.

9.2 Compaction and Porosity
The contact index C.I is the average number of grain 
contacts a grain has in its surroundings and the high 
index contact value (2.2) encountered at point spacing 
for the studied sandstone is attributed to the long, point 
and concave-convex contacts in the framework of these 
sandstones. The percentage of framework grains having 
contacts with zero grains, one grain, two grains, three 
grains, four grains and > 4 grains are 11,9,11,15,21 and 
40 respectively. The concave-convex and sutured contact 
average 3% and 1% respectively, which suggests limited 
pressure solution activity in these sandstones.

 The existing optical porosity (EOP) of the studied 
sandstones ranges from 0-14 percent with an average of 
6%. These porosity values include secondary porosity 
present in the form of cement dissolution pores and 
micro-pores in altered feldspars. The minor cement 
porosity MCP, defi ned as volume percentage of existing 
optical porosity plus total cements, was also calculated 
to understand the depositional porosity. The Patherwa 
Formation sandstone shows MCP values ranging between 
15 to 35 %, averaging 26 % which may be accounted to 
be moderate and explained by mechanical compaction 
of these sediments during early stage of diagenesis.

10. Cementation
Three types of cements have been identifi ed, which 
include silica, iron oxide and carbonate (Table 5). Same 
samples contain small amount of silty to clayey matrix 
along with detrital silt and chert and fl akes of muscovite 
(Figure 3a). Most of the material is syndepositional. 

10.1 Silica Cement
The silica cement occurs in the form of quartz overgrowths 
on detrital grains (Figure 3e). Most overgrowths only 
partially fi ll the intergranular spaces but where they are 
well developed, overgrowths from adjacent grains meet 
along sharp and planar crystal faces. In some grains, 
embayment resulting from corrosion and fi lled with a 
brownish clay material cut across the overgrowth. In the 
studied sandstones, overgrowths are mainly developed on 
microcrystalline quartz when compared to polycrystalline 
quartz.

10.2 Iron Oxide Cement
Iron oxide cement is present in three different forms: 
fi rst, as a thin coating around the detrital grain boundary; 

Sample Detrital 
Grains

Cement + Matrix = TC Porosity
Nature of grain contacts around grain 

points Number of Contacts

Fe C Si M Tc EOP MCP F P L CC SC – 1 2 3 4 >4

Facies Association A

Range 72-87 7-20 0-10 1-7 1-10 13-28 0-14 17-39 3-30 9-36 34-77 2-17 0-13 0-19 0-20 3-22 10-23 11-28 12-65

Average 78 11 3 3 5 22 5 27 10 19 59 8 4 9 10 12 16 19 34
Facies Association B

Range 73-85 6-23 0-11 1-9 1-10 13-27 1-13 18-32 2-40 8-30 41-75 1-16 1-12 1-20 1-17 4-26 8-33 3-29 11-60

Average 80 10 2 3 5 20 5 25 12 20 58 6 4 7 8 14 17 19 35
Facies Association C

Range 71-87 5-15 0-10 0-9 0-12 13-29 1-11 15-35 0-22 8-28 60-85 3-12 0-10 0-14 1-10 3-23 5-18 19-33 28-58

Average 81 10 1 4 4 19 6 25 5 17 70 5 3 2 4 9 14 23 47

Table 5: Cementation, porosity and packing data of Patherwa Formation sandstone, Son Valley

I=Iron Oxide, C= Carbonate S=Silica, M=Matrix, Tc=Total Cement, EOP=Existing Optical Porosity, MCP=Minus Cement Porosity, F=Floating 
Grain, P=Point Contact, L=Long Contact; Cc=Concavo Convex, S=Sutured Contact
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second, as isolated patches and third, as pervasive pore 
fi llings.

 The dark brown hematite is the most pervasive pore 
fi lling cement. This cement has corroded the detrital 
grains extensively (Figure 3f). In many instances, the 
clastic grains have lost their grain morphology and are 
present now in the form of protrusions, embayment 
and notches. The oversized haematite fi lled pores may 
either be the result of excessive corrosion and complete 
digestion of the detrital grains or represent an early 
stage of cementation. The patchy distribution of iron 
oxides patches suggests either aborted cementation 
or dissolution during uplift. Some thin sections are 
also characterized by iron-calcite cement. This type of 
cementation occurs by exchange of interstitial pore water 
either by meteorite water or by pore water expelled from 
the underlying sediments.

10.3 Carbonate Cement
Patchy carbonate cement is represented by the crystalline 
calcite mass enclosing several detrital grains (Figure 
3g,h). The boundaries of replaced detrital grains have 
been forced apart by recrystallization of calcite cement 
along incipient fractures. As a result physical and optical 
continuity of such grains have been destroyed. The 
original framework of the sandstones has been partially 
modifi ed due to replacement of detrital grains by the 
calcite cement. Large grains of calcite may have formed 
due to burial and interaction with calcium carbonate 
saturated ground water moving through pores [21, 40].

11. Conclusions
1. The presence of sedimentary structures attributed to 

tidal processes suggests that the Patherwa Formation 
was formed dominantly under the infl uence of tidal 
processes. In addition to facies association consisting 
of tidal infl uenced fl uvial channel, tidal channel and 
tidal sand fl at/sand bars, these characteristics support 
a tidal dominated estuarine interpretation. The 
distribution of facies association represented by tide 
infl uenced fl uvial channel deposits that grade upward 
into other facies association denoting increased tidal 
energy indicates that deposition took place during a 
transgression.

2. The sandstones of the Patherwa Formation are medium 
to coarse-grained, moderately sorted to moderately 
well-sorted. The sand grains are subangular to 
subrounded. The framework constituents of the 
studied sandstones are mainly composed of quartz 
of several types followed by feldspar, mica and rock 
fragments, and the heavy minerals occurring as minor 
constituents. The provenance had a mixed source 
comprising of the Archean Bundelkhand Gneissic 
Complex and the Proterozoic Mahakoshal Group of 
rocks.

3. Tectonic domain discrimination based on Qt-F-L 
& Qm-F-Lt plots suggest sediment supply from the 
basement granites exhumed in the craton interior.

4. These sandstones show silica, iron oxide and 
carbonate cements. And the process of cementation 
was initiated with calcite precipitation followed 
by iron and silica cementation in the subsequent 
phases.

5. Mechanical compaction was the dominant diagenetic 
process during the early stage of diagenesis. During 
mechanical compaction rearrangement of grains took 
place and point, long and concave-convex contacts 
developed. Concave-convex contact averages only 
3% suggesting limited pressure solution activity 
in the sandstones. The porosity was reduced by 
about 10-17% due to mechanical compaction of the 
unconsolidated sediment. 

Acknowledgements
The authors gratefully thank the Chairman, Department 
of Geology, Aligarh Muslim University, Aligarh for 
providing the necessary research facilities. The authors 
(AHM and HK) are also thankful to the Council of 
Science and Technology, U.P., for fi nancial help (CST/
AAS/D-2203).

References 
1. Ahmad F Rec Geol Surv India 87 (1958) 513. 
2. Akhtar K Recent Advances in Vindhyan Geology (1996) 

127.
3. Auden JB Mem GeolSurv India 92 (1933) 250.
4. Bjorlykke K Sediment Diagenesis Reidel Publishing Holland 

(1983) 169.
5. Banerjee I Quart Jour Geol Min Met Soc India 46 (1974) 

101.
6. Basu A, Young SW, Suttner LJ, James WC and Mack GH 

Jour Sed Petrology 45 (1975) 873.
7. Bhattacharya A and Morad S Sediment Geology 84 (1993) 

101.
8. Bose PK, Sarkar S, Chakraborty S and Banerjee S Sediment 

Geology 142 (2001) 395.
9. Bose PK and Chakraborty PP Sediment Geology 89 (1994) 

285.
10. Bourgeois J Jour Sed Petrology 50 (1980) 681.
11. Casshyap SM, Bhardwaj BD, Raza M, Singh A and Khan A 

Jourl Geol Soc India 58 (2001) 97.
12. Chayes F Am Minerologists 34 (1949)1.
13. Chanda SK and Bhattacharya A Hindustan Publ Corp New 

Delhi (1982) 88. 
14. Chakraborty C Unpublished Ph.D thesis Jadavpur University 

Calcutta (1993).
15. Cheel RJ and Leckie DA Sedimentology Review 1 (1993) 

103.
16. Dalrymple RW, Zaitlin BA and Boyd R Jour Sed Petrology 

62 (1992) 1130.
17. De Boer PL, Oost AP and Visser MJ Jour Sed Petrology 59 

(1989) 912.



88 AHM Ahmad et al.

18. De Raaf JFM, Boersma JR and Ven Gelder A Sedimentology 
24 (1977) 451.

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

20. Dickinson WR Provenance Arenites Dordrecht D Reidel 
(1985) 333.

21. Folk RL Jour Sed Petrology 44 (1974) 40. 
22. Folk RL Petrology of Sedimentary Rock Hemphill Austin 

Texas (1980) 182.
23. Gupta SD Quart Jour Geol Min Met Soc India 50 (1979) 

51.
24. Gupta S, Jain KC, Srivastava VC and Mehrotra RD Jour Geol 

Soc India 48 (2003) 191.
25. Heap AD Bryce S and Ryan DA Sedimentary Geology 168 

(2004) 1.
26. Hori K, Saito Y, Zhao Q, Cheng X, Wang P, Sato Y and LIC 

Marine Geology 177 (2001) 331.
27. Klein G Dev Bull Am Assoc Petrol Geology 51 (1967) 182.
28. Leckie DA and Singh C Jour Sed Petrology 61 (1991) 825.
29. Nio SD and Yang SH Can Soc Petrol Geologist Memoir 16 

(1991) 3.
30. Plink-Bjorklund Sedimentology 52 (2005) 391.

31. Power MC Jour Sed Petrology 23 (1953) 117.
32. Prasad B Memoir Geol Surv India 16 (1984) 1.
33. Raza M and Casshyap SM Jourl Geol Soc India (1994)
34. Raza M and Casshyap SM Recent Advances in Vindhyan 

Geology 36 (1996) 287.
35. Reading HG and Collinson JD Clastic Coasts Blackwell 

Science Oxford (1996) 154.
36. Reineck HE and Singh IB Depositional Sedimentary 

Environments Springer-Verlag New York (1980) 549. 
37. Smith DG Tide Infl uenced Sedimentary Environment and 

Facies, Reidel Dordrecht (1988) 417.
38. Soni MK, Chakraborty S and Jain VK Mem Geol Soc India 

(1987) 87.
39. Srivastava RN Ind Minerals 32 (1978) 65.
40. Tandon SK and Friend PF Sedimentology 34 (1989) 1113-

1126.
41. Taylor M Am Assoc Petrol Geol Bull 34 (1950) 321.
42. Yagishita K, Ashi J, Ninomiya S and Taira A Sedimentary 

Geology 163 (2004) 229.
43. Zaitlin BA, Dalrymple RW, Boyd R and Leckie D Can Soc 

Petrol Geologists Alberta (1994) 260.



C
M

Y
K

 -P
g 82

YK -Pg 81

Figure 1: G
eological m

ap of the study area, Figure show
ing the vertical and lateral variation and 

palaeocurrent pattern of the study area


