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The placement of the boundary between the Lower and the Upper Vindhyan in the Son valley, an
unconformity, has long been at the centre of a raging debate. At the Bundelkhand sector, it is placed
between the Rohtas Limestone and the Sasaram Sandstone (Lower Quartzite). On the other hand, in the
Son valley sector, it is placed between the Bhagwar Shale and the Kaimur Formation. The recent study
reveals the existence of ca. 12 m thick sandstone between the Bhagwar Shale and Rohtas Limestone,
traced over 150 km in the Son valley sector. Based on in-depth facies constituents and facies tracts, this
sandstone is an exact equivalent of the Sasaram Sandstone in the Bundelkhand sector. Its base is strongly
erosional and limestone and chert clasts derived from the underlying Rohtas Limestone are abundantly
present at the basal part of the sandstone and the unconformity between the Upper and Lower Vindhyan
are likely to be present in between.
Keywords. Lower Vindhyan; Upper Vindhyan; unconformable boundary; transgressive lag; persistent
sandstone horizon; subtidal deposit.

1. Introduction
The Palaeo to the Neoproterozoic Vindhyan
Supergroup, the largest ‘Purana’ basin in India and
the world’s second-largest Proterozoic basin, is one
of the most well studied and focused Proterozoic
successions in India (ﬁgure 1a; Auden 1933; Banerjee 1974; Sastry and Moitry 1984; Bhattacharyya
1996; Rai et al. 1997; Seilacher et al. 1998; Bose
et al. 2001, 2015; Rasmussen et al. 2002; Ray et al.
2002; Sarkar et al. 2002a, 2004, 2006, 2014; Banerjee et al. 2006; Malone et al. 2008; Bengtson et al.
2009, 2017; Kumar and Sharma 2011; Chakraborty

et al. 2012; Gopalan et al. 2013; Tripathy and Singh
2015; Bickford et al. 2017; Gilleaudeau et al. 2018;
Mishra et al. 2018; Sallstedt et al. 2018). The
Vindhyan basin, exposed in the eastern part of
central India can be divided into the Bundelkhand
sector and the Son valley sector (ﬁgure 1a,
Chakraborty 2006; Chakraborty et al. 2010). The
basin-wide unconformity divides the Vindhyan
succession into two parts, the Lower Vindhyan/
Semri Group and the Upper Vindhyan (ﬁgures 1
and 2). However, the exact stratigraphic position of
the unconformity is still controversial. From previous studies carried out in the Bundelkhand
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Figure 1. Lithological map of the Vindhyan Supergroup and stratigraphy of the Vindhyan Supergroup, central India (a). The
location map of the studied area (marked by stars) in the Son valley sector, central India (b).

sector, the unconformity lying between the Lower
and Upper Vindhyan has been considered above
the Rohtas Limestone (the topmost succession of
the Lower Vindhyan Group) and below the
Sasaram Sandstone (equivalent to Lower Quartzite
of the Kaimur Formation; Chakraborty 2006;
ﬁgure 2). In contrast to this, most of the previous
studies in the Son valley sector noted that the top
part of the Rohtas Limestone gradually passes
upward into the Bhagwar Shale which is composed
of sand–silt alternations with a substantial amount
of the volcanic input (ﬁgure 2; Banerjee 1974;
Sastry and Moitry 1984; Chakraborty and
Chaudhuri 1990; Bhattacharyya 1996; Chakraborty 2006; Kumar and Sharma 2011) and the
unconformity between the Lower and Upper
Vindhyan lies above this shale (ﬁgure 2). A claim
has also been made that the arkosic/pebbly sandstone of the Sasaram Sandstone (also known as the

Lower Quartzite) observed above the unconformity
in the Bundelkhand sector is absent in the Son
valley sector (Chakraborty 2006).
Recent ﬁeldwork in the Son valley sector
along *150 km stretch from Mohaniyain in
the east (24°250 34.0600 N, 81°400 8.8600 E) to Kymore
(24°30 36.7800 N, 80°360 31.5300 E) in the west
(ﬁgure 1b) reveals the presence of a sandstone
having a maximum thickness of *12 m immediately above the Rohtas Limestone with a sharp,
undulating and erosional contact in between
(ﬁgure 3). A thin (ca. 10 cm), laterally persistent
and sheet-like coarse-grained layer with chertiﬁed
limestone clasts demarcates the erosional contact
between the Rohtas Limestone and the sandstone
(ﬁgures 2 and 4a). So far the sandstone had not
been described and a detailed sedimentalogical
study of this sandstone is non-existent. Possibly,
this is the reason why most of the previous workers
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Figure 2. Stratigraphy of the Vindhyan Supergroup, Son valley (modiﬁed after Auden 1933; Banerjee 1974; Rao and
Neelakantam 1978; Sastry and Moitra 1984; Bhattacharyya 1996; Chakraborty 2006; Chakraborty et al. 2010; Kumar and
Sharma 2011).

considered the Bhagwar Shale within the Lower
Vindhyan/Semri Group and found that the
unconformity is placed above it (Banerjee 1974;

Rao and Neelakantam 1978; Sastry and Moitry
1984; Bhattacharyya 1996; Chakraborty 2006;
Valdiya 2010; Kumar and Sharma 2011).
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Figure 3. Stratigraphic sections across the boundary between the Lower and Upper Vindhyan along the studied stretch (marked
in ﬁgure 1b). Note the unconformable relationship between the Rohtas Limestone and the overlying sandstone unit. Also note the
gradational relationship between the sandstone and the overlying Bhagwar Shale.
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Figure 4. Transgressive lag present at the basal part of the sandstone (marked by dotted lines, bar length 20 cm) (a).
Distribution of the facies associations along with palaeocurrent directions of two facies associations in three best-exposed
localities (b).
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The goal of the present paper is to revisit the
boundary between the Lower and Upper Vindhyan in
the Son valley sector and also to record the nature of
this contact with the help of a detailed sedimentary
facies analysis of this sandstone, hitherto undescribed.

2. Geological background
The Vindhyan basin, developed during the Palaeo to
the Neoproterozoic time (Bose et al. 2001; Chakraborty et al. 2010), rests unconformably on the Aravalli craton, the Bundelkhand granitic gneiss and the
Mahakoshal group of rocks. The Vindhyan rocks are
distributed over *1,00,000 km2. The Vindhyan
sediments are generally unmetamorphosed and only
mildly deformed. The geophysical investigation has
suggested the presence of the E–W trending faults
that initiated the formation of the Vindhyan basin
(Naqvi and Rogers 1987). The rifting was accompanied by a dextral shear which created some NW–SE
elongated sub-basins where the sedimentation took
place (Bose et al. 1997, 2001). As a result, strike-wise
variations in both thicknesses of the constituting
facies and sediment character changes are rapid in
the Lower Vindhyan/Semri Group (Bose et al. 2001).
Contrastingly, the Upper Vindhyan Group is laterally persistent, likely to be deposited in a sag basin
(Chanda and Bhattacharyya 1982; Bose et al. 2001;
Sarkar et al. 2002b). The beds are much steeper in
the lower part compared to that of the upper part of
the Vindhyan succession.
The Vindhyan sediments are divided into three
outcrop sectors, namely, the Bundelkhand sector,
Son valley sector and Rajasthan sector (Chakraborty 2006; Chakraborty et al. 2010). The Bundelkhand and Rajasthan sectors are dominated by
carbonate sediments; the sediments in the Son valley sector are represented by both siliciclastic and
carbonate sediments in nearly equal volume
(Chakraborty 2006; Chakraborty et al. 2010). The
Son valley Vindhyan has a maximum thickness of
4.5 km. They are constituted by two groups, the
Lower Vindhyan/Semri Group and the Upper
Vindhyan Group separated by a basin-wide unconformity (ﬁgures 1a and 2; Kumar 1978a, b; McMenamin et al. 1983; Chakraborty and Bose 1992a, b;
Chakraborty 1993; Bose et al. 2001; Schieber et al.
2007; Paikaray et al. 2008; Pati et al. 2008; Raza
et al. 2010; Sallstedt et al. 2018). Five Formations
are present (Deoland, Kajrahat, Porcellanite,
Kheinjua and Rohtas) within the Lower Vindhyan
Group while there are three Formations (Kaimur,
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Rewa and Bhander) present within the Upper
Vindhyan Group (Kumar 1978a, b; McMenamin
et al. 1983; Chakraborty and Bose 1992a, b; Chakraborty 1993; Bose et al. 2001; Schieber et al. 2007;
Paikaray et al. 2008; Pati et al. 2008; Raza et al.
2010; Sallstedt et al. 2018). The age of the Vindhyan
Supergroup ranges from 1721 to 650 ma (Chakraborty et al. 2010 and references there in; Gopalan
et al. 2013; Tripathy and Singh 2015; Bickford et al.
2017). Dominant lithologies of the Supergroup are
mature sandstone, shale, carbonate and conglomerate, mostly intra-formational. The dominance of a
shallow marine depositional regime has been considered mostly (Singh 1973; Banerjee 1974; Chanda
and Bhattacharyya 1982; Prasad and Verma 1991)
with a range of variation from the barrier
bar–lagoon, tidal and beach to a relatively deeper
part of the shelf (Chakraborty and Bose 1992a, b;
Chakraborty 1995; Bose et al. 2001; Sarkar et al.
1996, 2002a, b). On the other hand, subordinate
amounts of ﬂuvial and aeolian deposits have also
been reported from the supergroup (Bhattacharyya
and Morad 1993; Bose and Chakraborty 1994; Bose
et al. 1999; Chakraborty and Chakraborty 2001).

3. Stratigraphic problem
The Bhagwar Shale is well exposed in parts of the
Son valley sector (ﬁgure 3). The Bhagwar Shale
composed of sand–silt alternations with a substantial amount of the volcanic input (Chakraborty
2006; ﬁgure 3). The shale is well exposed along
the studied stretch (ﬁgure 1b). A persistent sandstone layer is present below the shale (ﬁgure 3).
The upper contact of the sandstone with the
Bhagwar Shale is gradational while the lower contact of the sandstone is sharp and undulatory with
the underlying Rohtas Limestone (ﬁgure 3). The
contact of the Bhagwar Shale is also gradational
with the overlying Kaimur Formation. The colour
of the shale varies from grey to dark grey, even
black at places, both vertically as well as laterally.
The sand/silt stringers present within the shale are
laterally continuous. Some laterally persistent sand
layers with sole features at their bases are present
within the shale. Very ﬁne-grained tuﬀ layers
are also present within the Bhagwar Shale (see
ﬁgure in Chakraborty et al. 1996). As discussed,
the sandstone below the Bhagwar Shale is directly
overlying the Rohtas Limestone (ﬁgures 3 and 4a)
and here lies the problem of placing the boundary
between the Lower and Upper Vindhyan in this
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sector. So far, in most of the studies, the boundary
has been demarcated above the Bhagwar Shale
which shows a gradational boundary with the
overlying Mangeswar/Scrap Sandstone of Kaimur
Formation. However, the sandstone lying below
the Bhagwar Shale has not been reported earlier
in the Son valley sector, and hence, demands a
detailed study before considering the contact
between the Lower and the Upper Vindhyan.

4. Facies analysis of the sandstone present
immediately above the Rohtas Limestone
Deposition of the Semri/Lower Vindhyan Group ends
with a ca. 110 m thick Rohtas Limestone (topmost
part of the Rohtas Formation). The upper part of the
Rohtas Limestone is chertiﬁed in many places
(ﬁgure 4a). The Rohtas Limestone in the Son valley
sector is overlain by ca. 12 m thick sandstone unit
(ﬁgures 3 and 4b). The boundary between the Rohtas
Limestone and the overlying sandstone is sharp, erosional and demarcated by a thin (*10 cm) sheet-like
unit containing pebbles of chertiﬁed limestone (av.
clast size 5 cm) at several places in the study area
(ﬁgure 4a). Possibly, these pebbles are derived from
the upper part of the chertiﬁed Rohtas Limestone.
This sheet-like pebble-bearing unit is followed
upward by a laterally persistent sandstone unit
(max. thickness 12 m) along with an *150 km
east–west stretch of the study area (ﬁgure 1b). The
overall grain size of this sandstone varies from coarse
to ﬁne sand. Considering the primary sedimentary
structures, sediment composition and bed geometry,
the sandstone can be subdivided into two facies
associations: (a) Facies association I and (b) Facies
association II (ﬁgure 4b). The constituting facies of
Facies association I is in general of ﬁne to medium
size sandstone and also rich in mud compared to that
of Facies association II. As mentioned earlier, the
details regarding this sandstone unit are not available
in the literature, so we thought it is a pre-requisite to
discuss this sandstone in detail before ﬁnalising the
boundary between the Lower and the Upper Vindhyan in the Son valley. The following are the detailed
description and interpretations for each facies
association of the sandstone.

4.1 Facies association I
Facies association I is distinctly different from the
Facies association II with respect to the grain size
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(varying from medium to ﬁne sand) and mud
content. This Facies association I is dominantly
cross-stratiﬁed in nature and consists of the
following four facies.
4.1.1 Alternation of thick and thin tabular
cross-stratiﬁed sandstone facies
This facies comprises medium- to ﬁne-grained
sandstone exhibiting unidirectional cross-stratification. It is present at the basal part of the
sandstone and lies exactly on top of the basal
thin and sheet-like pebble-bearing unit (marked
by dotted lines in ﬁgure 4a). The average thickness of the facies is 15 cm. Internally, the crossstratiﬁcations are characterised by an alternation
of thick and thin planar tabular cross-strata
(ﬁgure 5a), the foreset bundles are separated by
mudstone partings (ﬁgure 5a). The thickness of
the individual foreset varies between 0.5 and
3.2 cm, whereas the mudstone laminae are a few
sub-millimetres thick. The thickness measurement of cross-set bundles reveals a nearly symmetrical pattern of cyclicity (ﬁgure 5b). A
maximum of 28 laminae occurs between two
successive peaks of the thick laminae (ﬁgure 4b).
Usually, the foreset dip decreases from the
highest peak to the trough of the sinuous curve.
The dips of the cross-sets decrease down current
from ca. 30° to ca. 15° and laterally pass over into
compound cross-stratiﬁcation at times (marked
in ﬁgure 5c; Rouse 1961; Bose et al. 1997). Some
of the foresets are deﬁned by mud clasts
(ﬁgure 5d). At places, thick mud drapes (up to
2 cm) occur within the cross-lamina set (ﬁgure 5c).
Small-scale cross-lamina (ca. 3 cm thick) dipping
oppositely is occasionally present within the
larger foreset of the cross-bedding (marked in
ﬁgure 5c).
4.1.2 Herringbone cross-stratiﬁed sandstone
facies
Two sets of oppositely dipping cross-strata separated by a gently inclined, planar erosional surface
constituting a herringbone pattern is another facies
of this association (ﬁgure 5e). The average thickness
of this facies is 30 cm. The orientation of the herringbone cross-strata shows a distinct bipolar and
bimodal palaeocurrent direction all over the studied
stretch (ﬁgure 5f). Double mud drape is a characteristic feature of the foresets (ﬁgure 5g). Mud clasts
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Figure 5. Facies association I of the studied sandstone; alternation of thick and thin tabular cross-stratiﬁcation within the tabular cross-stratiﬁed sandstone facies (a, bar length
10 cm). Note the cyclic thickness variations within the facies (b). Thick mud drape within the cross-stratiﬁcation (c). Note the oppositely oriented smaller cross-sets within the
larger set (c, marked by blue arrow; pen length 15 cm). Mud clast alignment along cross-stratiﬁcation (d, length of knife 8 cm). Herringbone arrangement of cross-stratiﬁcation
(e, bar length 15 cm). The rose diagram with bimodal bipolar orientation (f). Cross-bedding with double mud drape (g, scale length 15 cm). Sigmoidal cross-stratiﬁcation and
thick mud drape within the ripple-laminated facies (h, length of knife 8 cm). Planar lamination with intermittent mud laminae (i, pen length 15 cm).
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are present along the boundary between two
differently oriented sets of cross-stratiﬁcation at
places (ﬁgure 5d).
4.1.3 Small-scale ripple-laminated sandstone
facies
This facies is characterised by small-scale ripplelaminated sandstone and is commonly associated
with the facies 4.1.1 (ﬁgure 5h). Mud is present at
the trough of some of the ripples (ﬁgure 5h). The
maximum thickness of the ripple foreset is 5 cm.
Thick mud partings occur at the ripple set boundaries (ﬁgure 5h). Ripple cross-lamina exhibits
sigmoidal patterns at places (ﬁgure 5h).
4.1.4 Planar-laminated sandstone facies
Parallel laminated sandstone with intermittent
mud laminae deﬁnes this facies (ﬁgure 5i). The
average thickness of the facies is 20 cm. The facies
exhibits vertical variations in lamina thickness (ca.
2 cm for sand lamina and 0.3 cm for mud lamina)
(ﬁgure 5i). However, limited exposure does not
permit the measurement of the thickness of
sufﬁcient numbers of laminae.
Interpretation: The presence of a thin lag between
the Rohtas Limestone and the sandstone unit possibly represents a transgressive lag (Catuneanu 2006;
Mandal et al. 2016). The presence of the transgressive
lag along the boundary of the Rohtas Limestone and
this sandstone indicates a fresh episode of sedimentation after the completion of the Lower Vindhyan
sedimentation. The internal structures of sandstone,
cyclicity in laminae thickness and high concentration
of mud within all the constituting facies of the Facies
association I indicate the tide-dominated depositional
setting. The bed-load movement under the inﬂuence
of dominant unidirectional current during the tidal
regime is inferred. The alternations between the thick
and thin foresets strongly support tidal actions.
Bipolar and bimodal palaeocurrent directions
(ﬁgure 5f) of herringbone patterned cross-stratiﬁed
sandstone facies corroborates tidal actions (Visser
1980; De Boer et al. 1989; Bose et al. 1997). The
presence of double mud drapes within this facies
(ﬁgure 5g) indicates a subtidal environment (Visser
1980; Bose et al. 1997; Eriksson and Simpson 2004;
Kohsiek and Terwindt 1981). The larger cycle,
measured from alternating thick–thin laminae
(ﬁgure 5b), is very much compatible with the lunar
bi-monthly (spring to spring) cycle. This can readily

be attributed to semidiurnal tides. The intra-set
cyclic variations along with grain size indicate repeated waxing and waning of the water ﬂow. In contrast to the bidirectional palaeocurrent pattern,
alternating thick–thin tabular cross-stratiﬁed sandstone facies (facies 4.1.1) is unidirectional (ﬁgure 5c),
indicating ﬂow reversal during the abandoning phase
of the tidal sand-waves (Nio and Yang 1991; Bose
et al. 1997). In some places, mud laminae within the
constituting facies are very thick (ﬁgure 5c). Such
thick mud drapes in between the sand layers rarely
form at any stage of the tidal cycle (McCave 1985;
Chakraborty and Bose 1990). However, thick mud
can be introduced to any tidal system from the outside by a process which is able to disperse mud in a
suspension load from the shoreline environments,
possibly by a super-storm event (Allen 1988; Chakraborty and Bose 1990). High-suspended sediment
concentration may lead to the deposition of a thick
mud layer during the neap period as well (Schieber
1986).
4.2 Facies association II
This association occasionally interferes with Facies
association I. However, Facies association II,
characteristically contains less mud compared to
Facies association I. Facies association II primarily
consists of coarse- to ﬁne-grained sandstone.
Five facies comprising Facies association II are
discussed as follows:
4.2.1 Conglomerate facies
This facies occurs locally and is characterised by
a matrix-supported conglomerate unit having a
wedge-shaped geometry with a maximum thickness of *40 cm. The base of the facies is invariably sharp and scoured (ﬁgure 6a). The
compositions of clasts include chertiﬁed limestone,
vein quartz and sandstone (ﬁgure 6a and b). The
maximum size of the clasts is 11 cm. The interstitial spaces between the clasts of the conglomerate are ﬁlled with a coarse-grained sandy matrix
(ﬁgure 6a). This conglomerate facies often grades
into a massive sandstone laterally and vertically
(ﬁgure 6a).
4.2.2 Massive sandstone facies
This facies is characterised by massive, coarse- to
medium-grained sandstone beds (thickness of the
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Figure 6. Facies association II; conglomerate facies (a, bar length 10 cm). Note the scoured base (marked by dotted lines) and
upward gradation into massive sandstone. Sand clasts on the bedding plane surface (b, bar length 15 cm). Massive sandstone
facies (c, length of knife 8 cm). The transition from planar to cross-lamination (d, hammer length 35 cm). Brink point
maintaining the same level from the base within cross-stratiﬁcation, massive sandstone facies (e, scale length 15 cm).
Amalgamated cross-stratiﬁed facies (f, length of knife 8 cm). Hummocky cross-stratiﬁed facies (g, scale length 15 cm). Syneresis
cracks on the bedding surface (h, scale length 15 cm).

facies is *20 cm) (ﬁgure 6c). The base of the facies is
sharp than its top. Gutters, bipolar prod marks and
local ﬂutes are present at the sole of this facies. The
massive beds often grade upward into planar laminated beds followed by cross-stratiﬁcations
(ﬁgure 6d). The overall grain size of the facies
decreases upward. Mud clasts are common at the
base of the massive beds as well as along the crossstratiﬁcations. The style of cross-stratiﬁcation
within a set changes laterally but non-cyclically. The
brink point of the cross-stratiﬁcations maintains
nearly the same distance from the base (ﬁgure 6e).
The top of the sandstone beds is invariably waverippled (ﬁgure 4b). The ripple crests are straight
in nature, having local bifurcations, although
discernible asymmetry is common in their proﬁles.

4.2.3 Tabular cross-stratiﬁed amalgamated
sandstone facies
This facies is characterised by amalgamated sandstone beds (ﬁgure 6f). The maximum thickness of
the individual bed is ca. 32 cm but amalgamation
may contribute to a thickness up to 1 m. Internal
tabular cross-stratiﬁcations deﬁne the amalgamated
sand beds (ﬁgure 6f). The palaeocurrent direction
measured from these tabular cross-strata is directed
towards the WSW direction (ﬁgure 4b). It is commonly associated with massive to feebly graded
sandstone facies and hummocky cross-stratiﬁed
sandstone facies (ﬁgure 4b). The bases of the facies
are sharp while their tops are gradational with the
occasional presence of wave-ripple laminations.
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4.2.4 Hummocky cross-stratiﬁed sandstone
facies
This facies is characteristically medium- to ﬁnegrained, moderately sorted sandstone with broadly
lenticular to tabular beds and convex-up tops
(ﬁgure 6g). It is overlain by wave-ripple laminated
facies (ﬁgure 4b) with less sharp contact. Hummocks
and swales are frequently observed with the maximum height and wavelength ca. 8 and 35 cm,
respectively. Bases of such beds generally replicate
the underlying bed surface. Hence the bases are
sharp but non-erosional, whereas the top of the beds
is less sharp. This facies is commonly associated with
the top part of the massive sandstone facies. Overall
normal gradation is observed within the facies.
4.2.5 Wave-ripple laminated sandstone facies
This wave-ripple laminated sandstone facies
generally overlies the top of the preceding facies.
Ripple crests are straight and show bifurcations on
the bedding plane. Syneresis cracks are abundantly
present on the bed surfaces of these beds at different levels (ﬁgure 6h). Overall orientations of
these cracks are fairly consistent but vary widely
between beds (Pratt 2002).
Interpretation: The stacking pattern of beds
within the facies of this association reveals occasional interruptions by high-energy events like
storms within a tide-dominated environment. The
massive sandstone facies indicates rapid dumping of
the sediments. The massive character and absence
of normal grading indicate deposition from shortlived, high-density ﬂows. The high rate of sedimentation prevents the sorting process (Kneller and
Branney 1995; Magalhães et al. 2015). The vertical
and lateral transitions of conglomerate facies to
massive sandstone indicate the deposition of both
the component from a single ﬂow. The scoured base
of the conglomerate beds (ﬁgure 6a) at places indicates the presence of turbulence within the ﬂow.
The ﬂow must have enough capacity to pick-up
chertiﬁed limestone clasts from the topmost part of
the Rohtas Limestone. The occurrence of amalgamated-sandstone beds within Facies association II,
juxtaposed one above the other suggests the rapid
recurrence of event ﬂow, possibly storm surges, in a
high-ﬂow regime (Sarkar et al. 2004). The individual
sandstone bed comprising amalgamated-sandstone
facies indicates the product of a single depositional
continuum over a relatively short time. A sharp
irregular base with sole features also supports the

high-energy events responsible for the deposition of
the beds and the supercritical nature of the initial
ﬂow (Sarkar et al. 2012). The cross-stratiﬁcation
having brink points at the same height from the
base suggests the high rate of sand fall-out from
suspension possibly during the periods of a heavy
storm. The steady upward decline in both grain-size
and ﬂow regime suggests a gradual waning of the
high-energy events (Bose and Sarkar 1991). Preserved-wave ripple forms on the bedding surface and
hummocky cross-stratiﬁed sandstone facies reﬂect
deposition under the inﬂuence of the oscillatory
ﬂow, possibly during storm surges. Asymmetry in
the ripple proﬁles indicates the simultaneous presence of a tractive force within the ﬂow. Deposition
from storm-generated combined, wave-cum-current,
ﬂow is thus inferred. Syneresis cracks present on the
bed-surfaces of wave-ripple laminated sandstone
facies possibly originate through the dewatering of
the sandy beds due to the rapid deposition of the
overlying sediment (Kidder 1990). Increased porewater pressure because of storm wave action
(Cowan and James 1992; Harazim et al. 2013;
McMahon et al. 2017) may be responsible for the
generation of syneresis cracks.

5. Discussion
The Rohtas Limestone is the topmost unit of the
Lower Vindhyan succession. The limestone is
overlain by laterally persistent sandstone in the
studied stretch of the Son valley (ﬁgures 3 and 7).
The sandstone is deposited on an undulating surface over a transgressive lag formed on the top
surface of the Rohtas Limestone. The majority of
the clasts are present within the lag derived from
the Rohtas Limestone. The majority of the limeclasts are chertiﬁed. The topmost part of the
Rohtas Limestone is also chertiﬁed at places. The
degree of chertiﬁcation also varies laterally to a
remarkable extent. The chertiﬁed layers thus often
appear to have irregular geometry and boundaries
difﬁcult to trace. Often they appear laterally discontinuous. Only exposure or near-exposure on the
Earth’s surface can account for this much abundance of silica during post-depositional alteration
or weathering of the limestone. It is likely that part
of the Rohtas Limestone was exposed for a long
period of time which helps chertiﬁcation (Kolodny
et al. 1980). However, the transgressive lag indicates a fresh sedimentation event. The sedimentation started on a tide-dominated shelf. The
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Figure 7. Stratigraphic column of the Vindhyan Supergroup present in the Son valley, central India (modiﬁed after Chakraborty
2006). Note the laterally persistent sandstone unit present above the Rohtas Limestone with an erosional surface in-between,
traced from Mohaniya to Kymore.

presence of thick–thin alternation, double mud
drape layers, herringbone cross-stratiﬁcation,
reactivation surface and frequently mud lamina
within the cross-strata bear tell-tale evidence of
tide domination. This tide-dominated environment
intervened by storm is evidenced by the presence of
hummocky cross-stratiﬁcation, an amalgamation

of sandstone beds and conglomerates/massive beds
with sole features. The presence of numerous sandclasts within the Facies association II supports the
inﬂuence of microbiota that turned sand into a
cohesive sediment (Sarkar et al. 2014, 2018). The
vertical transition of the facies assemblages rules
out any major palaeogeographic shift. Some of
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them indicate clear evidence of subtidal deposition
while a shallow marine depositional environment
can be inferred from the sandstone unit in general.
This sandstone unit is gradationally overlain by a
shale unit known as Bhagwar Shale, also laterally
persistent over the studied area (ﬁgure 7).
The boundary between the Lower and the Upper
Vindhyan should be placed below the sandstone
unit that indicates a change from a carbonate
depositional system of Rohtas Limestone to a siliciclastic regime. The presence of a transgressive
lag, consisting of pebbles of chertiﬁed limestone
supports the initiation of a sedimentation event
after a considerable gap. This sandstone deposited
above the Rohtas Limestone is likely to be the
equivalent of the Sasaram Sandstone (Lower
Quartzite Member of the Kaimur Formation)
reported from the Bundelkhand sector of the
Vindhyan basin (Chakraborty 2006; Chakraborty
et al. 2010). The depositional milieu of the newly
studied sandstone resembles that of Sasaram
Sandstone (Chakraborty and Bose 1990). After
considering the detailed study in this part of the
Son valley sector, it seems the boundary between
the Upper and the Lower Vindhyan has not been
placed properly (ﬁgures 2 and 7). Rather it will
be more logical to put the boundary between the
same at the base of the newly discovered sandstone which is the equivalent of the Sasaram
Sandstone (Lower Quartzite).

3.

4.

5.

6.

sandstone gradationally passes upward to the
sensu-stricto Bhagwar Shale.
The presence of a transgressive lag dominantly
consists of chertiﬁed lime clasts picked up from
the long-exposed Rohtas Limestone surface, at
the basal part of the sandstone unit bears telltale evidence for the initiation of a new sedimentation regime with transgression on the
unconformable surface.
From the interpretation of depositional processes, a shallow-marine, subtidal environment
is suggested for the sandstone unit. Possibly a
tide-dominated shelf condition developed with
transgression, occasionally intervened by storm.
Similar sedimentation history also recorded
from the Sasaram Sandstone (i.e., Lower
Quartzite member of the Kaimur Formation)
that overlies the Rohtas Limestone in the
Bundelkhand sector.
The process-based appraisal indicates that
sedimentation starts with a laterally persistent sandstone above the unconformable surface of Rohtas Limestone. The sandstone, in
turn, gives way upward to the Bhagwar
Shale.
The contact between the Lower and the Upper
Vindhyan in the Son valley should be placed
below the sandstone described in this work and
not above the Bhagwar Shale.
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