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ABSTRACT
The ‘Lower Kaimur Porcellanite’ from the Proterozoic

Vindhyan Supergroup (~1700-900? Ma) is not only a chrono-
stratigraphic marker but also an indicator of the tectonic
setting of the basin. A few other silicified shaly units (porcellanites)
from the upper strata have been thought to be tuff. New
petrographic (optical microscopic; SEM-BSE), chemical, and
U-Pb zircon geochronological studies of the lowermost of these
suspected tuff units, however, do not support an igneous origin
for these beds. The rocks do not contain phenocrysts or glass
shards, but contain remains of mineralized microbial spheres,
mudclasts, and other detrital grains that include one datable
zircon grain (~1715 Ma). Their chemical compositions are not
diagnostic of tuff. Despite this result, investigations of other
porcellanites from Upper Vindhyan strata is recommended, because
they have the potential of identifying crucially important tuff
beds.

INTRODUCTION

Background and Purpose

During the “rather ‘boring’” billion years of Earth history (1.85 –
0.85 Ga; Holland, 2006), large quantities of sediments were deposited
in different basins in Peninsular India. The basins were floored by
continental crust and developed in and around several cratons of the
old supercontinent Ur (Rogers, 1996). Most of these sediments
survived as sub-horizontally bedded or mildly deformed and un-
metamorphosed rock strata, commonly called Purana strata
(Radhakrishna, 1987).

Fine grained and at places very thinly bedded silicified strata
occurring in Purana basins were mapped as porcellanites, of which
the Porcellanite Formation in the Vindhyan basin (Auden, 1933;
Ghosh, 1971; Chakraborty, 2006) is the best known. Felsic volcanism,
at about 1640-1630 Ma (Ray et al., 2002; Rasmussen et al., 2002;
Mishra et al., 2018), ~1500-1400 Ma (Das et al., 2009; Bickford et
al., 2011a; Das et al., 2015), and ~1000 Ma (Patranabis-Deb et al,
2007; Bickford et al., 2011b; Mukherjee et al., 2012), deposited ash
and rhyolitic flow-breccia in several Purana basins. Interestingly, all
of these volcanic deposits in the Purana basins have been silicified,
to various extent during diagenesis, silicified tuff being the most
abundant. Many felsic volcanic units including ash flows, have been
discovered in Purana basins in the last twenty years or so including,
for example, Singhora Tuff (Chakraborti, 1997), Sukhdah tuff
(Denduluri et al., 2006), and Dhamda tuff (Bickford et al., 2011b) in
the Chhattisgarh basin; the Katingapani tuff in the Khariar basin (Das

et al., 2009); Birsaguda tuff in the Indravati basin (Mukherjee et al.,
2012); and “Pipalchapar” tuff in the Ampani basin (Das et al., 2015).
However, many porcellanites may be silicified shale beds and not
tuff. For example, a promising lead of a silicified bed in the Owk
shale in the Cuddapah basin (Saha and Tripathy, 2012), unfortunately,
proved to be a silicified shale bed (Bickford et al., 2013).

Chakraborty et al. (1996) identified several silicified mudstone
beds containing evidence of felsic volcanism in the Kaimur and Rewa
Groups in the Vindhyan basin (aka Vindhyanchal basin; Kale 2016).
Petrographic (optical microscopic; SEM-BSE), chemical, and U-Pb
zircon geochronological studies of the lowermost of these suspected
tuff beds, which belongs to the Kaimur Group were conducted. The
findings however, do not support an igneous (~volcanic) origin for
these beds.

GEOLOGICAL SETTING

General

The Vindhyan Supergroup consists of four Groups – Semri,
Kaimur, Rewa, and Bhander (Table 1; Ramakrishnan and
Vaidyanadhan, 2010). A basin-wide unconformity, putatively
representing a hiatus of about 400 m.y. (Tripathy and Singh, 2015)
and changes in depositional facies, occurs above the Semri Group
(Bose et al., 2001; Sarkar et al., 2002a,b, 2004, 2005). A bimodal,
medium to coarse-grained, silica-cemented quartz arenite, called
Sasaram Sandstone in the east and Lower Kaimur Sandstone/Quartzite
in the rest of the basin, occurs at the base of the Kaimur Group. It rests
on the carbonates and argillaceous rocks of the Semri Group with a
sharp disconformity (Gupta et al., 2003; Sen et al., 2014; Quasim and
Ahmad, 2015; Quasim et al., 2017). A 12 m thick “shale member”,
with several silicified beds called porcellanite, (Chakraborty et al.,
1996) interbedded with thin sandstone and shale beds, lies above the
prominent sandstone of the lower Kaimur Formation (aka Sasaram
sandstone). Mandal et al. (2019) consider this porcellanite-bearing
unit as part of Sasaram sandstone. These porcellanite beds are the
focus of the present investigation.

Occurrence of the “Lower Kaimur Porcellanite” (LKP)
LKP occurs continuously for at least 100 km and thins from about

10 m to about 3 m from Badanpur (24°10'28.68"N, 80°51'19"E) near
Maihar in the west, to Baghwar (24°19'51.04"N, 81°24'30.72"E) near
Rampur in the east (Fig.1). This unit consistently occurs above the
Lower Kaimur Sandstone that developed within a tide-dominated shelf
with rare stormy interventions (Chakraborty and Bose, 1992). LKP is
principally composed of shale, with sand-silt alternations. The color
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of the shale varies, both vertically as well as laterally, from grey to
dark grey, and is even black at places. The sand/silt stringers present
within the shale are sheet-like and laterally continuous; some of these
sand beds have an undulatory basal contact with the shale and bear
sole features that indicate deposition within a shelf where sand
could ingress only during storm/high energy periods. Thinly bedded
porcellanite units (individual thickness varying from 15 cm to 35 cm)
occur within LKP at different stratigraphic levels (Chakraborty PP.,
2006). Conchoidal joint planes are observed within these porcellanite
beds. In the outcrop extent between Maihar and Rampur,
Markundi Sandstone and Bijaigarh Shale are absent. Thus, in this
locality, LKP is overlain by the Scarp Sandstone /Mangeswar
Formation, deposited in a fluvio-aeolian environment (Bhattacharya

and Morad, 1993). It is apparent that the transition from a shelf to
fluvial-aeolian environment marks a major fall in sea level (Chakraborty
et al., 1996).

SAMPLES AND ANALYSES
13 samples were collected from LKP at three locations along the

studied outcrop extent (Fig. 2). At outcrop scale, the appearance of
these porcellanite beds (Fig. 3a, b) is not different from silicified ash
beds elsewhere. Polished extra-thin and standard thin sections of the
samples were used for petrographic study, including transmitted and
reflected light optical microscopy, back scattered electron (BSE) SEM
images, and energy dispersive spectra on spots for phase identification.
Chemical compositions of the samples were obtained from Activation
Lab (Ancaster, Canada), using their high precision 4E-Research and
4E-ICPMS packages. The samples are very fine-grained; thus, despite
repeated attempts, including those by GeoSep Services (Moscow, ID,
USA), only two grains of reliably analyzable zircon could be separated,
one of which was barely large enough to provide separate core and
rim ages. The analyses were conducted in the LA-MC-ICPMS facilities
at the University of Florida (Bickford et al., 2014).

RESULTS AND INFERENCES
Petrography: Optical microscopic observations show that the

samples are fine-grained mudstones with a few coarse, silt-size,
irregularly-shaped quartz grains; these lack embayment, triangular
shapes, and sector or oscillatory zoning. They are not phenocrysts.
Feldspars are not readily identifiable. A few larger elongate particles
are opaque, and may be carbonaceous streaks (Fig. 4a). Dusty and
somewhat equidimensional grains, opaque in transmitted light and
yellowish in reflected light, are pyrite (confirmed by SEM-EDS).
Non-opaque elongate grains are muscovite (confirmed by SEM-
EDS). In one sample (P8), there are spots of deferruginized clay (Fig.
4b). No phenocrysts are found in any of the thin sections of the 13
samples.

SEM-BSE-EDS observations confirm further the absence of

Table 1. Relevant section of the stratigraphy of the Vindhyan Supergroup in
the study area

Upper Bhander Sandstone
Sirbu Shale

Bhander Lower Bhander Sandstone
Group Bhander Limestone

Ganurgarh Shale

Rewa Rewa Sandstone
Group Rewa Shale

Vindhyan Dhandraul Quartzite/Mangeswar
Supergroup Kaimur  Formation (= Scarp Sandstone)

Group Lower Kaimur Porcellanite
Lower Kaimur (Sasaram) Sandstone

Rohtas Fm
Semri Kheinjua Fm
Group Porcellanite Fm

Kajrahat Fm
Deoland Fm

Basement

Fig.1. Generalized geological map of the Vindhyan Supergroup showing major cities near sample sites.
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phenocrysts. The matrix is silicified, and nearly all discernible grains
are quartz grains and clays <20 µm in size. Many of the larger quartz
grains have serrated edges, possibly a result of dissolution during
diagenesis. Muscovite is common and at places is altered to kaolinite
(Fig. 5A,B). The shapes of surface cavities in the thin sections suggest
that pyrite was plucked out during thin section preparation or dissolved
during outcrop weathering (Fig. 6). Elongate dark patches are
carbonaceous, suggesting that they are compressed fragments of
microbial mats (Schieber, 1989; Schieber et al., 2007; Fig. 7). Scattered
grains of aggregated silt size particles were also observed; they are

possibly mudstone lithics recycled from older strata (Schieber, 2016;
Fig. 7). Cross-sections of apatite-mineralized microbial spheres occur
in a few mudclasts and as isolated particles (Figs. 5 and 7). These
spheres are identical to the microbial spheres observed in the Bijaigarh
Shale in the middle of the Kaimur Group (see fig. 7-G,H in Schieber
et al., 2007).

Geochemistry: The chemical composition of LKP (Table 2) does
not indicate a volcanic origin unless most of the original characteristics
have been obliterated by diagenesis. The bed is highly silicified; on a
LOI-free basis, SiO2 is >90%, Al2O3 is ~ 6%, and, Na2O (0.07%) and
K2O (1.36%) are very low. In the porcellanites (silicified ash/tuff) of
the Semri Group, Na2O and K2O are much higher (1.74% and 3.16%
respectively; Mishra et al., 2017; Bickford et al., 2017). TiO2

normalized values of Na2O and K2O (0.5 and 10.1 respectively) in
LKP are also much lower than those in the Semri porcellanite (11.3
and 20.5 respectively). Trace element distributions are generally
equivocal. The moderate negative Eu anomaly (0.6) is not diagnostic.
A minor negative Ce anomaly (0.8) may be a product of diagenesis
under reducing conditions (e.g., Shields and Stille, 2001; Basu et al.,
2016) or due to mixing (Bellot et al., 2018); it is not diagnostic. The
strong correlations between Rb and K2O (r = 0.98) and between Th
and Sc (r = 0.88) may suggest that only two separate single (mineral?)
phases primarily host these elements, a condition not generally expected
in volcanic ash.

Geochronology: The very fine-grained nature of this porcellanite
bed stymied the efforts to separate zircons and obtain meaningful
U-Pb ages. Only ten zircon grains were separted, knowing that not all
(e.g., Fig. 8) were large enough and inclusion-free for reliable U-Pb
analysis. The core and the rim of only one grain (Fig. 9) provided
1725 ± 18 Ma and 1706 ± 18 Ma as reliable ages. These ages are
comparable to the ages from the basement rock units of the Vindhyan
Supergroup (e.g., 1753 ± 9 Ma for the Jhirgadandi pluton; Bora et al.,
2013) and suggest that this zircon grain is detrital. A coeval magmatic
zircon in a volcanic ash bed in the Kaimur would likely have been
<<1630 Ma (Semri porcellanite; Mishra et al., 2018) and possibly
close to 1200 Ma (Kaimur - black shale; Tripathy and Singh, 2015) in
age.

Petrographic, geochemical, and geochronological properties
indicate that porcellanite beds in LKP are not tuff and are very likely
silicified mudstones.

DISCUSSION
“Porcellanite” (Calcera, 1847; p. 5) is a non-technical term to

informally name rocks with the “… general appearance of unglazed

b

Fig.2. Details of (a) geographic locations (in red) and (b) stratigraphic
positions of the samples.

Fig.3. Outcrops of “Lower Kaimur Porcellanite” near (a) Badanpur; the blocky ash-grey beds are suspected tuff, and (b) Gurserighat; the blocky
brownish-weathered ash-grey beds are suspected tuff. The hammer is 35 cm long.
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Table 2.. Chemical Composition of the “Lower Kaimur Porcellanite”  (Major oxides are reported on LOI-free basis. LOI ranged from 2.63% to 3.77%.)

Unit Symbol % % % % % % % % % % ppm ppm ppb ppm ppm ppm ppm ppm
Detection Limit 0.01 0.01 0.01 0.001 0.01 0.01 0.01 0.01 0.001 0.01 1 0.1 0.5 0.1 1 1 0.5 0.1
Analysis Method FUS-ICP FUS-ICP FUS-ICP FUS-ICP FUS-ICP FUS-ICP FUS-ICP FUS-ICP FUS-ICP FUS-ICP FUS-ICP INAA INAA FUS-MS TD-ICP FUS-MS FUS-MS FUS-MS
Sample SiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O TiO2 P2O5 Ba Co Cr Cs Cu Ga Ge Hf

JUP1 92.69 5.04 0.68 0.01 0.30 0.13 0.03 0.85 0.18 0.104 353 18.8 13.9 1.7 39 7.0 1.6 1.5
JUP2 91.49 5.64 1.00 0.03 0.35 0.13 0.03 0.96 0.21 0.145 644 12.1 16.9 2.4 48 9.0 1.9 1.9
JUP3 92.19 5.30 0.64 0.04 0.38 0.11 0.03 1.02 0.23 0.052 352 17.4 19.1 2.6 47 8.0 1.7 2.2
JUP4 91.50 5.65 1.04 0.04 0.39 0.11 0.03 0.94 0.23 0.072 373 21.3 16.8 2.7 73 9.0 1.8 2.1
JUP5 90.66 6.71 0.55 0.01 0.37 0.13 0.03 1.04 0.33 0.166 869 12.6 24.6 3.2 19 11.0 2.0 2.4
JUP6 90.22 6.17 1.23 0.01 0.54 0.12 0.02 1.41 0.25 0.031 188 9.1 17.0 3.1 21 10.0 2.2 1.9
JUP7 91.73 5.03 1.34 0.00 0.42 0.09 0.02 1.13 0.17 0.052 184 12.8 15.7 2.4 19 8.0 1.8 1.7
JUP8 86.03 7.65 1.53 0.03 0.37 0.17 0.54 3.36 0.21 0.113 657 21.4 24.8 5.9 30 11.0 1.7 1.7
JUP9 92.81 4.96 0.44 0.00 0.37 0.06 0.02 1.11 0.16 0.062 207 15.0 9.8 3.2 29 6.0 2.0 1.5
JUP10 89.59 6.07 1.66 0.01 0.62 0.18 0.03 1.46 0.19 0.196 345 12.9 19.6 3.6 46 10.0 1.9 1.9
JUP11 89.00 6.23 1.80 0.08 0.53 0.20 0.02 1.54 0.23 0.378 522 45.8 20.6 3.4 40 8.0 1.9 2.0
JUP12 90.93 5.79 0.95 0.02 0.49 0.16 0.02 1.27 0.19 0.188 354 14.5 11.9 2.7 18 8.0 1.9 1.6
JUP13 87.82 7.32 2.02 0.01 0.68 0.20 0.02 1.53 0.21 0.186 327 7.3 17.3 4.1 44 10.0 2.1 2.0
Average 90.51 5.97 1.14 0.02 0.45 0.14 0.07 1.36 0.21 0.13 413 17.0 17.5 3.2 36 8.8 1.9 1.9

Unit Symbol ppm ppm ppm ppm % ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
Detection Limit 0.2 1 5 1 0.001 0.1 0.01 2 0.01 0.05 0.01 5 1 1 1
Analysis Method FUS-MS TD-ICP TD-ICP FUS-MS TD-ICP INAA INAA FUS-ICP FUS-MS FUS-MS FUS-MS FUS-ICP INAA FUS-ICP MULT INA A /TD-ICP
Sample Nb Ni Pb Rb S Sb Sc Sr Ta Th U V W Y Zn

JUP1 2.3 14 28 0.023 0.4 3.97 41 0.27 4.3 1.3 40 52 18 13
JUP2 2.8 23 11 34 0.006 0.7 5.70 64 0.39 5.4 1.4 45 45 22 41
JUP3 3.1 20 19 36 0.006 0.4 5.76 34 0.37 6.4 2.0 36 34 25 19
JUP4 2.9 37 12 34 0.004 0.5 5.54 37 0.34 5.9 1.5 38 37 22 50
JUP5 4.1 15 69 48 0.004 0.4 7.12 78 0.64 8.4 2.2 69 58 28 37
JUP6 2.9 13 8 49 0.006 0.4 5.92 37 0.30 5.7 1.4 36 25 13 11
JUP7 2.4 11 20 38 0.004 0.3 5.16 56 0.26 4.9 1.1 29 41 13 8
JUP8 3.5 10 15 140 0.005 0.8 6.57 73 0.76 9.0 2.5 70 137 42 36
JUP9 2.4 13 42 0.004 0.2 4.23 23 0.41 4.2 1.0 15 60 12 23
JUP10 2.9 31 54 49 0.009 1.1 5.16 188 0.39 5.0 2.0 87 49 65 162
JUP11 3.0 31 11 52 0.008 0.7 4.99 475 0.34 5.3 2.8 152 98 40 20
JUP12 2.0 13 41 0.004 0.5 4.25 226 0.18 4.4 1.5 51 44 47 15
JUP13 2.6 29 35 52 0.006 0.8 5.87 207 0.32 5.2 2.2 92 20 32 81
Average 2.8 20 25 49 0.007 0.6 5.40 118 0.38 5.7 1.8 58 54 29 40

Unit Symbol ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
Detection Limit 1 0.05 0.05 0.01 0.05 0.01 0.005 0.01 0.01 0.01 0.01 0.01 0.05 0.005 0.01 0.002
Analysis Method FUS-ICP FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS
Sample Zr La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tl Tm Yb Lu

JUP1 56 17.0 32.2 4.7 19.4 4.5 0.89 4.1 0.61 3.37 0.6 1.67 0.17 0.26 1.77 0.291
JUP2 68 16.8 32.3 4.7 18.6 4.0 0.75 3.8 0.6 3.63 0.73 2.18 0.18 0.33 2.31 0.384
JUP3 75 20.3 43.5 5.1 19.4 3.8 0.78 3.5 0.63 4.02 0.88 2.67 0.13 0.41 2.93 0.494
JUP4 78 17.6 36.2 4.5 17.4 3.6 0.69 3.5 0.58 3.69 0.8 2.44 0.07 0.37 2.62 0.422
JUP5 92 46.0 118.0 12.1 42.4 8.0 1.31 6.3 0.96 5.04 0.96 2.94 0.13 0.42 2.89 0.457
JUP6 75 21.0 42.6 5.3 18.9 3.0 0.52 2.3 0.39 2.36 0.47 1.53 0.07 0.24 1.71 0.300
JUP7 62 30.2 47.3 7.3 27.8 5.4 0.94 4.0 0.55 2.85 0.52 1.46 0.22 1.61 0.262
JUP8 68 50.5 71.4 12.2 47.9 9.8 1.82 9.3 1.3 7.29 1.34 3.59 0.47 0.49 3.12 0.472
JUP9 53 12.0 25.5 3.3 12.3 2.4 0.46 2.3 0.38 2.34 0.46 1.3 0.09 0.20 1.34 0.218
JUP10 69 59.3 74.2 16.9 72.2 16.2 3.26 15.5 2.27 12.4 2.21 5.96 0.14 0.82 5.04 0.755
JUP11 70 39.4 56.7 10.9 44.7 10.0 1.98 9.5 1.41 7.72 1.41 3.81 0.21 0.54 3.39 0.526
JUP12 66 31.6 39.7 9.8 43.6 10.7 2.22 11.2 1.68 9.11 1.62 4.31 0.59 3.58 0.552
JUP13 73 93.1 101.0 21.6 79.5 14.5 2.57 10.3 1.31 6.89 1.2 3.13 0.45 3.06 0.463
Average 70 35.0 55.4 9.1 35.7 7.4 1.40 6.6 0.97 5.44 1.02 2.85 0.17 0.41 2.72 0.430
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Fig.4. Plane polarized light optical photomicrographs of (a) brown shale with dark elongate carbonaceous particles (C) and muscovite flakes
(light elongate; Mu), and (b) light brown shale with deferruginized spots (light); the black grains are pyrite (Py) and carbonaceous specks.

Fig.5. SEM-BSE image of muscovite flakes in fine grained siliceous matrix.  (A) Muscovite flakes (confirmed by EDS analysis) pointed out by
white arrows, black arrows point to Ti-rich particles, and gray arrows point to phosphatic spheres of likely microbial origin (Schieber et al.,
2007). (B) Detail of muscovite flake. It shows that the striped appearance of muscovite grains in (A) is due to partial alteration of muscovite to
kaolinite and consequent “swelling”. This diagenetic overprint, as well as deformation, bending and truncation of muscovite layers indicate that
the muscovite flakes are of detrital origin. Note scale bars at bottom right.

porcelain” (Bates and Jackson, 1984; p. 397). Silicified shale,
mudstone, tuff, limestone, and even some contact metamorphosed
sedimentary rocks may qualify to be so named (Teall, 1884). Mallet
(1869) described a set of silicified Vindhyan strata in the Son river
valley as porcellanite. Auden (1933), with added evidence from optical
microscopy, identified these as silicified tuff. The importance of
searching for and dating tuff in craton-interior mid-Proterozoic basins
cannot be overemphasized. The sedimentary rocks in these basins
record global marine anoxia (Derry, 2015; Arnold et al., 2004; Shen
et al., 2003), global sulfuric oceans (Lyons et al., 2009; Kah and Bartley,

2011), global Fe-rich oceans (Planavsky et al., 2011), among other
attributes that reveal the composition of mid-Protereozoic oceans.
Robust dating of magmatic zircons in intercalated tuff beds can
document the synchronicity of the sedimentological evolution of these
basins and the connectivity of the oceans. Such robust ages could also
lead to revised stratigraphy. For example, discovery of K-bentonite
beds (tuff) and SHRIMP-dating of zircons therein (~ 1380 Ma) revised
the age of the Xiamaling Formation in the North China Craton from
Ediacaran to Mesoproterozoic (Su et al., 2008) as is also the case in
Chhattisgarh basin in India (Basu et al., 2008).
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CONCLUSIONS
Porcellanites are rocks that have the appearance of unglazed

porcelain-ware; they are usually silicified mudstones or ash/tuff.
Many Proterozoic porcellanites in India are silicified tuffs that are
chronostratigraphic marker beds testifying to coeval volcanism. These
have immense geological significance, especially in the craton-interior
mid-Proterozoic basins in India where chronostratigraphic and
biostratigraphic markers are scarce.

A 100 km outcrop extent of a porcellanite bed was thoroughly
investigated and informally named “Lower Kaimur Porcellanite”, lying
above the lower Kaimur Sandstone (Vindhyan Supergroup) in the
western Son river valley. However, it was not possible to find evidence
for an igneous origin of this porcellanite bed (LKP). Important facts
in this regard are (a) the newly determined U-Pb age of the only
analyzable zircon grain in this rock is far older than the studied host
formation, and, (b) abundant occurrence of microbial spherules in
this rock indicates a sedimentary origin.
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Fig.6. Shape of epoxy-filled cavities (black, pointed out by white
arrows) suggests that these are most likely sites of former pyrite
crystals that were either plucked out during thin section preparation,
or more likely were dissolved in the course of outcrop weathering
(SEM-BSE).

Fig.7. Overview of porcellanite fabric in sample JUP-5 (SEM
backscattered image).  White arrows point to carbonaceous particle
with a wavy-lenticular internal fabric.  The fabric resembles eroded
microbial mats (Schieber, 1989; Deb et al., 2007).  Within the fine
grained siliceous groundmass are scattered larger grains (near bottom;
black arrows) that appear to be largely mudstone lithics (Schieber and
Bennett, 2014; Schieber, 2016; Schieber et al., 2019).  The grey arrows
point to phosphatic spheres of likely microbial origin (Schieber et al.,
2007).

No magmatic activity between approximately 1.6 Ga and 1.1 Ga
has been recorded in the Vindhyan Supergroup. This ~ 1.5 billion
years of magmatic quiescence is unusual in Earth history. Thorough
searches for and identification of tuff especially in the upper Vindhyan
(for example, Chakraborti et al., 1996; Sen and Mishra, 2019) are
likely to produce encouraging results.

Fig.8. Paired backscattered electron (BSE) and cathodoluminescence
(CL) images of magmatically zoned zircon grains (JUR-9; JUR-10).

Fig.9. Cathodoluminescence (CL) image of the only magmatically
zoned zircon grain (JUR-1) that could be reliably dated.
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