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The sedimentary sequences and associated magmatic rocks from the Cuddapah basin and adjoining fold belts on the eastern
margin of the Dharwar craton of Peninsular India are repositories of several economic mineral deposits, including radioactive
mineral deposits. Growing evidence suggests that the array of subbasins (on the western side), the Nallamalai Fold Belt, and
the eastern Nellore Schist Belt represent independent terranes that were tectonically connected. Paleoproterozoic-
Mesoproterozoic extensional passive margin development with the attached oceanic realm, followed by Mesoproterozoic
collisional tectonics and a subsequent Neoproterozoic extensional regime resulted in the present configuration of this
region. A review of recent publications suggests that several traditional views deserve to be modified. This region needs to
be examined in light of the emerging models of Proterozoic supercontinental assembly and break-up. Open areas of debate
and gaps in confirmatory evidence for such models are discussed to provide directions for future studies.

Keywords: Cuddapah Basin; Sedimentary Sequences; Economic Mineral Deposits

Introduction

The crescent-shaped Cuddapah Basin (CB) spread
across 45,000 km?, hosts the thickest of the Purana
sequences (Meijerink et al., 1984; Nagaraja Rao et
al., 1987; Kale, 1991). The absence of younger cover
makes it an ideal Proterozoic basin for the
unobstructed study of sedimentation patterns,
interbedded volcanics and intrusive bodies, basement
- cover relations, structural patterns and tectonic
evolution. Subsequent studies on sedimentological,
stratigraphic, structural, paleontological, and tectonic
aspects have contributed to the current knowledge of
this basin (Saha and Tripathy, 2012; Matin, 2015;
Chakrabarti et al., 2016). Although traditionally
considered either to be a part of the adjoining
Mesoproterozoic Eastern Ghats mobile belt or an
equivalent of the Archean Dharwar schist belts; recent
studies of the Nellore Schist Belt (NSB) have

*Author for Correspondence: E-mail: dr.vivekale@gmail.com

demonstrated its close (structural and temporal)
relation with the Nallamalai Fold Belt (NFB) in the
eastern part of the CB (Chetty, 2001; Collins et al.,
2015). Geophysical studies across this region (Misra
and Ravi Kumar, 2013; Chandrakala et al., 2015) have
been consistent in indicating that the continental crust
below the CB and NSB is continuous, although
dissected by the deep upper-crustal thrusts. We,
consider them to be contiguous crustal blocks. This
suggests that the CB, NFB and NSB are a collage of
terranes separated by tectonic contacts that have an
interlinked evolutionary history spanning the Late
Paleoproterozoic to Neoproterozoic times (Tripathy
et al., 2019; Saha and Sain, 2019).

We review the work done in the last 4-6 years
on this collage of terranes located on the eastern
margin of the Dharwar craton to enumerate the current
state of knowledge. The easier access to sophisticated



138

Vivek S Kale et al.

analytical techniques, isotopic data, and higher
resolution of multispectral remote sensing and
geophysical data holds the promise of enabling an
accurate, reproducible and robust understanding of
the evolutionary history of the CB, NFB and NSB
terranes than ever before. This cannot replace the
foundation of basic field observations and high-
resolution data collection across the basin.

Regional Framework

The Cuddapah basin is an epicratonic basin located
along the eastern margin of the Dharwar Craton of
Peninsular India (Fig. 1). The Mesoarchean gneisses
and schists of the Eastern Dharwar craton (EDC)
intruded by Neoarchean granitic bodies constitute the
basement of the CB, collectively referred to as the
‘Archean Basement Complex’ (Ramakrishnan and
Vaidyanadhan, 2008; Roy and Purohit, 2018). These
crystalline rocks are intruded by at least two phases
of mafic dykes during the Paleoproterozoic times
(Kumar et al., 2015). The sediments from the
Cuddapah basin display an angular and erosional
unconformity with this basement all along its western
boundary.

The NSB is thrust upon the sediments along the
Vellikonda Thrust (earlier called the Nallamalai Thrust:
King, 1872; renamed by Venkatakrishna and
Dotiwala, 1987) which marks the eastern boundary
of the CB including the NFB. The NSB has two
components, namely the Udaigiri Group (in the south)
and the Vinjamuru Group (in the north), that are in
thrust contact with the NFB. The contact between
the Udaigiri and Vinjamuru domains has been
interpreted as a transpressive shear zone with the
local occurrence of a slice of basement granite gneiss
around Podili (Saha et al., 2015; Das et al., 2016).
On its eastern side, the NSB has a tectonic contact
with the southern part of the Eastern Ghats Belt
(EGB), referred to as the Ongole domain.

The NSB is followed westward across the
Vellikonda thrust by folded quartzites, slates and
phyllites of the NFB, in general with very low-grade
metamorphism, locally reaching biotite-grade. The
Maidukuru Thrust (earlier called the Rudravaram
Line) marks the western tectonic boundary of the
NFB. West of this is a series of four subbasins that
host relatively undeformed and unmetamorphosed
sediments, namely the Palnad, Srisailam, Kurnool and

Papaghni subbasins from north to south respectively.
The Palnad and Kurnool subbasins host
Neoproterozoic sediments, while the Papaghni and
Srisailam subbasins host Paleo- to Mesoproterozoic
sediments. Given this tectonic configuration, it is time
to recognize that this region is a collage of tectonic
terranes, each with a different evolutionary history.

Stratigraphy
Basement Complex

The CB is floored by the granite-gneiss-greenstone
terrain of the EDC (Fig. 1). Granite-granodiorite
gneisses with N-S foliation and N-S to NNW-SSE
oriented greenstone belts intruded by Neoarchean
(2.6-2.5 Ga) granitic batholiths comprise the EDC
(Mukherjee et al., 2018). Two phases of gneisses,
(with the older ones having rafts of amphibolitic
schists) from the EDC are often called the Peninsular
Gneiss (Valdiya, 2016). The greenstone belts (e.g.,
Ramagiri, Kadiri, Veligalu, Tsundupalle) are
metamorphosed volcano-sedimentary sequences
having sheared mylonitised contacts with the
Peninsular Gneiss. This milieu of crystalline rocks is
intruded by several pulses of mafic intrusives during
the Paleoproterozoic (between ~2.37 Ga and ~1.89
Ga), which have been interpreted to have affinities to
mantle plumes (Pandey and Chalapathi Rao, 2019).

These rocks from the EDC (including Archean
gneisses and supracrustal schists, granitoid and mafic
intrusives) are exposed on the west and north of the
CB (Fig. 1) as its ‘basement complex.’” The Proterozoic
sequences rest with an angular and erosional
unconformity over this basement complex, which also
serves as a provenance for the sediments.

Cuddapah Basin

The changes in the stratigraphy of the CB first given
by King (1872) and modified by subsequent workers
(e.g., Meijerink et al., 1984; Nagaraja Rao Rao et
al., 1987) has been summarised by Patranabis-Deb
et al. (2012: Table 1). Nagaraja Rao et al. (1987)
gave an independent status to the Kurnool Group and
separated it from Cuddapah Supergroup which
included the Papaghni, Chitravati and Nallamalai
Groups. However, the deformed Nallamalai Group in
the NFB (excluding the Srisailam Quartzite) is shown
to be allochthonous, bounded by major thrusts



Cuddapah Basin, India: A Collage of Proterozoic Subbasins and Terranes

139

7 L

2 o
O RN Y |/// v
RV EVEYEVEY
R N # |

o e i e
L T

Chennai
180°

T LA

0 50 100
=
km

|:| Quaternary

Deccan Volcanic Province

- Gondwana Supergroup

|:| Pranhita Godavari Basin (Proterozoic)
Kurnool / Palnad subbasins

; Srisailam subbasin

[117] Nallamalai Fold Belt

|:| Papaghni subbasin

Nellore Schist Belt

m Eastern Ghat Belt
Paleoproterozoic Dyke swarns

- Closepet Granites & equivalents
- Archean Greenstone Belts
|:| Basement Gneissic Complex (EDC)

untur

15"

181°

Fig. 1: Regional setting of the Cuddapah basin and adjoining terrains. The official spelling of the town ‘Cuddapah’ has been

changed to “Kadapa.”

(Tripathy et al., 2019) and advocated its exclusion
from the Cuddapah Supergroup. This is reflected in
Table 1 which enumerates the stratigraphy of this
basin.

The Papaghni Group, Chitravati Group, and
Srisailam Quartzite Formation are unconformity
bounded sequences. The Papaghni and Chitravati
Groups occur in an arcuate belt (recognized as the
Papaghni subbasin) on the western margin of the CB
(Fig. 2). The Nallamalai Group has tectonic contacts
on either side. South of Kadapa town, the Bairenkonda
Quartzite, is exposed resting with an angular
unconformity on the Gulcheru Quartzite and shales
from the Tadpatri Formation (GSI, 1981). This
exposure demonstrates that the Nallamalai Group
must be younger than the Papaghni and Chitravati
Groups. However, there is a need to reassess the
contact between the three groups from the
perspective of the Maidukuru Thrust and the

observations regarding the equivalence of Gandikota
Formation (e.g., Meijerink et al., 1984; Tripathy et
al.,2019).

The Srisailam Quartzite rests directly upon the
Archean basement with an unconformity on the
western edge of the Srisailam subbasin. It is capped
unconformably by the Kurnool Group in the north,
with local faulted contacts. It displays tectonic contacts
with the Nallamalai Group, making it difficult to
establish a firm stratigraphic order of superposition.
Whether the Srisailam Quartzite is an undisturbed
equivalent of some of the sediments from the
Nallamalai Group or a younger independent sequence
is a contentious issue (Saha and Majumdar 2012; Saha
and Tripathy, 2012b; Patranabis-Deb et al., 2012).

The Neoproterozoic Kurnool Group rests
unconformably on the other sequences of this basin,
as well as the basement gneisses. The sediments of
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Table 1: Lithostratigraphy of Cuddapah basin and Nallamalai Fold Belt (compiled from GSI, 1981; Nagaraja Rao et al., 1987;
with modifications by Saha and Tripathy, 2012;Patranabis-Deb e al., 2012). The order of superposition takes into account the

relations between units discussed in the text

Cuddapah Basin
Group

Formation

Nandyal Shale (100 m)
Koilkuntla Limestone (50 m)
Kurnool Paniam Quartzite (35 m)
Owk Shale (15 m)
Narji Limestone (200 m)

Banganapalle Quartzite (50 m)

Unconformity ~~~~~~~~~~

Srisailam Quartzite (300 m)

Unconformity ~~~~~~~n~~~

Gandikota Quartzite (300 m)
Chitravati Tadpatri Formation (4600 m)
Pulivendla Quartzite (75 m)

Unconformity ~~~n~r~~nmr~-~

Papaghni Vempalle Formation (1900 m)

Gulcheru Quartzite (210 m)

- X=-X-X-X-X-X-X -Tectonic Contact —X -X-X-X-X-

Unconformity

Nallamalai Fold Belt
Group Formation
Nallamalai Cumbum Formation
(~ 6000 m) Bairenkonda / Nagari
Quartzite

ArcheanGranite, Undifferentiated Peninsular Gneisses,

greenstone belts and Archean & Paleoproterozoic basic dykes of EDC

this group were deposited in two subbasins detached
from each other, namely the Kurnool and Palnad
subbasins (Fig. 2).

Nellore Schist Belt (NSB)

The NSB is a composite tectonostratigraphic entity
comprising greenschist facies to amphibolite facies
volcano-sedimentary domains intruded by granitic and
alkaline plutons, and small slivers of ophiolites (Fig.
3). Some previous authors have considered the schist
belt exposed near Khammam, north of this N-S
trending curvilinear belt, to be equivalent to it and
described it collectively as the Nellore-Khammam
Schist belt. Others considered it to be comparable to
schist belts from the EDC. Ramam and Murty (1997)
classified the NSB into the lower Vinjamuru Group
and the upper Udaigiri Group. The Vinjamuru Group
consists of migmatitic gneisses with patches of

quartzites and metapelites (kyanite — staurolite —
garnet — quartz schists) intruded by mica-pegmatites.
The Udaigiri Group is composed of chlorite — biotite
schists and quartzites with cherty bands. Saha et al.
(2017) have recommended that these two components
of'the NSB are better recognized as tectonic domains
based on lithostratigraphic association, metamorphic
grade and geochemical attributes.

The 1.25-1.40 Ga Prakasam Alkaline Province
(PAKP), consisting of many granitic stocks and
bosses as well as felsic to mafic alkaline rocks that
intrude the NSB in its northern parts (Fig. 3) besides
the adjoining gneissic basement. An accretionary
terrane at Kanigiri (~ 1.33 Ga) in the central region
and the (~ 1.89 Ga) Kandra Ophiolite Complex in the
southern part of the belt add to the complex tectonic
character of the NSB. The deformed rocks in the
Kanigiri area have been interpreted as dismembered
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Paleoproterozoic supra-subduction zone ophiolite with
a melange zone (Sain and Saha, 2018).

Sedimentation Patterns

We summarise the sedimentary (with associated
volcanics) contents from the CB, NFB, and NSB
below. While doing so, a subbasin-wise description is
given to ensure that the geographic context and
tectonic settings are taken on board. Detailed
sedimentological analysis of the intensely deformed
and metamorphosed NSB as a whole is difficult and
unavailable. The sediments in the Kandra Ophiolite
Complex consist of psammo-pelitic shallow marine
sediments, greywacke turbidite, matrix-supported
conglomerate, and chert, with the deepwater
association indicative of arc-trench system (Saha et
al., 2017).

Papaghni Subbasin

This subbasin (occurring on the south-western corner)
has been traditionally recognized to host the oldest
sediments from the Cuddapah basin. Recent studies
reaffirm this aspect. The older Papaghni Group (~
2110 m) and younger Chitravati Group (~4975 m)
constitute the sequence exposed in this subbasin.
These gently easterly dipping sequences are locally
deformed along the faults that transect them. Both of
them contain associated igneous rocks, in the form of
mafic lava flows, ultramafic and mafic sills and felsic
tuffs and rhyolitic bands interbedded within the
sediments. The absence of metamorphic imprint
(except local thermal alterations in the contacts with
the dykes and sills) ensures that the sedimentological
aspects of these sequences can be examined
unhindered.

Papaghni Group

The Papaghni Group represents the first sedimentary
cycle in the Cuddapah basin. It rests with anerosional
unconformity upon the basement complex.

Gulcheru Quartzite

It is constituted of detrital siliciclastic sediments,
represented by polymictic conglomerates, coarse
(often pebbly) sandstones, and shales. The immature
basal coarse-grained rudites pass upward into
moderately well sorted medium-grained trough cross-
stratified glauconitic sandstone, which is succeeded

by interlaminated sandstone-siltstones and eventually
thinly bedded mudstones. The gradational upward
transition from immature clasticrudites to finer
siliciclastics indicates progressive maturation and
peneplanation of the provenance.

The overall facies associations suggest a
tectonically controlled alluvial fan system with episodic
basement uplift and erosion during the basin opening
stage (Mazumder et al., 2015). A prodelta phase and
the passage to shelf bar-interbar deposits are
attributed to the ensuing arenaceous and argillaceous
sediments. The shallow scours pools mantled with
ripple marks of diverse morphology suggest the
development of intertidal flats and slow passage to
the carbonate platform of the Vempalle Formation
(Saha et al., 2016).

Goswami et al. (2017a) reported microbially
induced sedimentary structures (MISS) in the
Gulcheru Quartzite and inferred the facies association
to be an alluvial fan to shallow marine shelf
environment. Geochemical study of the mudstone
from the Gulcheru Quartzite indicates both weathered
and juvenile source simultaneously contributed
sediments to the basin; and that they are compatible
with those of the detritus derived from active
continental margin to continental arc settings
(Chakrabarti et al., 2016). Sesha Sai et al. (2016)
proposed that the red, ferruginous beds from the
Gulcheru Formation may represent the
Paleoproterozoic oxygenation event (~ 2.1 Ga).

Taken together, the Gulcheru Quartzite manifests
rapid lateral facies changes indicating briskly shifting
depositional systems, variable rates of sediment influx,
and uneven rates of subsidence and creation of
accommodation in different parts of the subbasin. It
is indicative of the early growth and progressive
deepening of a continental margin basin from an
alluvial fan to a shallow marine setting.

Vempalle Formation

It displays a gradational contact with the underlying
Gulcheru Quartzite. It consists of alternations of
cherty dolomites, stromatolitic dolomite, and shale,
with sandstone and chert beds occurring interbedded
within them. Mafic lava flows, sills/dykes and a few
tuffaceous horizons are encountered within this
Formation. Cross-stratification, flaser beddings, faded
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ripples are commonly observed in the sandstone, near
the contact between the Gulcheru and the Vempalle
Formations (Saha et al., 2016; Bose et al., 2017).
Tepee structures and desiccation cracks filled with
lime mud or fine sands, molar tooth structures and
rhombic halite cast (Phansalkar et al, 1991) have
been recorded from the laminated shale indicating
events of subaerial exposure and local evaporitic
environments.

Dolomite and oolite bars point to intertidal to the
subtidal origin, while laminated shales with halite casts
point to shallow sabkha sedimentation in an arid
climate. The rich assemblage of stromatolitic bioherms
is well known from the Vempalle dolomites. Changing
the pattern and style of the stromatolites reflect the
depth partitioned growth of the microbial community
(Bose et al., 2017; Patranabis-Deb et al., 2018).
They are attributed to a low angle ramp type carbonate
platform. The (~2000 m) thick accumulation of
carbonates on this platform, with local and temporary
variations in the depositional milieu, suggests that
sedimentation and relative rise of the sea-level kept
pace with each other over a significant period. Such
platforms are characteristics of passive margin basins.

Soft sediment deformation structures,
intraformational limestone breccia beds (Fig. 5c) are
known from several segments of the Vempalle
succession (Panja et al., 2019). Large scale slump
structures are observed in the distal part of the
carbonate platform, suggesting the onset of basin-floor
instability leading to the cessation of sedimentation
on this platform. The demise of the platform is marked
by the deposition of thick brown shale with laterally
persistent beds of chert in the uppermost parts of the
Vempalle Formation (Goswami et al., 2015).

Meter-thick lavas, sills and thinner dykes of
basalt and/or dolerite occur in the upper part of the
Vempalle Formation (Nagaraja Rao et al.,, 1987;
Anand et al., 2003; French et al., 2008). They are
named as Kuppalapalle Volcanics. Asbestos and
gypsum deposits have been mined from the contacts
of the Vempalle sills in the past (Srikantia, 1984). Some
of the richest uranium deposits have been discovered
from the area around Tummalapalle (Vasudeva Rao
etal., 1989; Jeyagopal et al., 2012) from the Vempalle
dolomites.

Chitravati Group

The Chitravati Group unconformably overlies the
Papaghni Group, and represents the second cycle of
sedimentation inthe Cuddapah basin. It is subdivided
into the Pulivendla Quartzite, Tadpatri Formation and
Gandikota Quartzite in ascending order and is intruded
by several mafic sills and dykes at various
stratigraphic levels.

Pulivendla Quartzite

It consists dominantly of medium-to-thick bedded
quartz-arenite with pebbly sandstone and
conglomerate in the basal part. They contain clasts
derived from the underlying Papaghni Group,
indicating that some of the beds of the Papaghni Group
were exposed to erosion during the deposition of these
beds. Conglomerate beds are laterally impersistent,
and have been inferred to represent mass-flow
(washed colluvial) deposit, of an alluvial fan system
with ephemeral streams.

The quartz arenite beds are trough- or planar
cross stratified or plane parallel stratified, deposited
in a delta front. These mineralogically mature
sediments indicate recycling (Saha et al., 2016) and
are likely to have been deposited along the shore-line,
at or very close to the sea-level. Bedding planes
display symmetric to slightly asymmetric sinuous to
straight crested ripples with tuning fork bifurcation.
Some of the ripple-marked bedding planes preserve
desiccation cracks, and some with well-rounded
granule lag in the troughs. Conglomerates occur as
impersistent lenses, while the quartz arenite show
strikes continuity across the Papaghni sub-basin.
Bipolar, bimodal palacocurrent directions have been
recorded from the Pulivendla Quartzite. These beds
can be continuously traced across long distances along
their strike, further indicating their deposition along a
sandy shore-line under the influence of long-shore
and tidal currents. Somasekhar et al. (2018) have
inferred that these siliciclastics have been derived from
an Archean crust and deposited in a passive margin
environment based on their chemical characterisation.

Tadpatri Formation

It is dominated by shales, followed by sandstone and
dolomite. The shale overlies Pulivendla Quartzite with
a sharp contact, grades up into sandstone-mudstone
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heterolithics, with several units of stratified sandstone
and stromatolitic dolomite, forming coarsening and
thickening up the succession. Persistent parallel planar
lamination and paucity of interbedded sandy units point
to the deposition of the shales in an outer shelf
environment below normal wave-base. The
appearance of sandstone beds with planar- and wavy-
parallel lamination, and low angle hummocky- and
swaley cross-stratilication indicates localized and
temporary shallowing of the depositional interface,
within the storm wave base. The dolomitic units
commonly show algal laminites and stratiform
stromatolites. The coarsening- and shallowing-up
succession suggests a relative sea-level fall and a
significant regression from outer-shelf to inner-shelf
environments in a storm- and tide-dominated
environments. Mitra et al. (2018a) recently studied
the stromatolites in the upper part of the Tadpatri
Formation in six different stratigraphic sections. Based
on the variations in the bioherm geometry, they
inferred a supratidal to the subtidal depositional
environment for the carbonates from this formation.
Mitra et al. (2018b) concluded that the clastics were
derived from deeply weathered felsic source rocks
and that the shales were deposited in an oxic
environment.

Several dolerite sills and basaltic lava flows are
present within the Tadpatri Formation (Chakraborty
et al., 2016). Chilled margins of the dolerite and
contact metamorphic effect in the host carbonates
are commonly seen. Studies indicated that the 1.9 Ga
ultramafic sill (Anand et al., 2001) in the lower part
of the Tadpari Formation mineralogically varies from
olivine gabbro norite to plagioclase bearing ultramafic
rocks (Sesha Sai et al., 2017). Goswami et al. (2018)
have recorded the presence of bimodal volcanics and
tuffs within the Tadpatri Formation.

Gandikota Quartzite

Has a gradational contact with the underlying Tadpatri
Formation. It is dominantly constituted of thick-bedded
quartzose sandstone. This 300 m thick quartzite unit
exposed along the walls of the Pennar river gorge
section was described by King (1872) as the “Scarp
sandstones” based on its occurrence along the nearly
vertical escarpments.

The sandstone consists mostly of medium- to
coarse-grained, well-sorted and well-rounded quartz-

and feldspathic arenite. Oppositely oriented cross
stratified beds, HCS beds and massive beds with local
abundance of mud flakes occur throughout the
succession. A variety of wave ripples with straight or
bifurcated crests and different types of interference
patterns which commonly mantle shallow swash pools,
are prolific in the upper beds of the formation. Spindle-
shaped linear and polygonal shrinkage cracks on the
bedding surfaces suggest a shallowing of the
environment, with intermittent exposure. On the
whole, this quartzitic sandstone can be attributed to
having been deposited in tide and storm dominated
open shelf environment.

Earlier workers (e.g., Meijerink et al., 1984: p.
69 described an angular unconformity between these
sandstones and the underlying Tadpatri shale) had
mapped the Gandikota Quartzite as the undeformed
beds of the Nallamalai Group, exposed west of the
“Rudravaram Line” (= Maidukuru Thrust). Nagaraja
Rao et al. (1987) demonstrated that this unit must be
recognized as the youngest unit in the Chitravati Group.
This argument was supported bythe subsequent work
and Saha and Tripathy (2012) and Patranabis-Deb et
al. (2012). As discussed later, there are further
additional doubts raised on the age and correlation of
the Gandikota Quartzite in light of the detrital zircon
ages which indicate a Mesoproterozoic age to it
(Collins et al., 2015), while the rest of the Chitravati
Group is certainly Paleoproterozoic.

Nallamalai Subbasin

The Nallamalai subbasin is a tectonically defined
(rather than sedimentologically) segment of the CB,
bounded on either side by the Maidukuru and
Vellikonda Thrusts (Fig. 2). The sedimentary sequence
within this subbasin is pervasively folded (as described
below) and affected by anchizone to lower greenschist
facies metamorphism. This makes the recognition of
the vertical stratigraphic sequence in this subbasin
ambiguous. As an example, while the distinction
between the Nagari and Bairenkonda Quartzite (Table
1) is ambiguously defined several exposures (including
those attributed to the Srisailam and Gandikota
Formations: as depicted in Fig. 3) have been
considered to be undeformed equivalents of the
Bairenkonda Quartzite. Further, some sandstone beds
that have been mapped by earlier authors as
Bairenkonda Quartzite (particularly in the
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Ishwarkuppam dome) appear to rest upon the shale-
limestone sequence of the Cumbum Formation. This
problem will be best resolved, once the geometry of
the folded NFB is appropriately documented and the
lateral continuation of beds established across the folds
and faults. Significant observations in this context are
recorded by Meijerink et al. (1984); Saha (2002, 2004);
Chetty (2011); Tripathy and Saha (2013, 2015) and
Tripathy et al. (2019).

Nagari/Bairenkonda Quartzites

The unconformable relation between this formation
and the underlying Chitravati Group of sediments is
best examined in the road section between Vempalle
and Kadapa. As discussed by Nagaraja Rao et al.
(1987), the Nagari and Bairenkonda Quartzites occur
at the base of the Nallamalai Group in the southern
and northern exposures, respectively. Saha et al.
(2016) do not differentiate between them and consider
them to be lateral equivalents of each other (but with
different names in different locations). The
Ishwarkuppam dome (see Fig. 2) is considered as
the type exposures of the Bairenkonda Quartzite, while
the folded quartzitic ridges (occurring in the southern
part of the NFB, between Tirupati and Kadapa) are
called the Nagari Quartzite.

Both these thick sequences of quartzites display
the presence of thin impersistent beds and lenses of
pebbly conglomerates and gritty sandstones at the
base, followed by thickly bedded quartz-rich
sandstones with siltstones and shales interbedded
within them. At places, glauconitic sandstones have
been recorded from this sequence. Across most of
the exposures (in the fold belt) the rock displays
significant recrystallization with sutured grain
boundaries. Few primary sedimentary structures such
as a variety of ripple marks, intercalated lenses of
mudstones displaying mudcracks and tabular cross-
bedded can be recognized from these quartzites. In
the area around Dornala, a thick sequence of shales
(comprising siliceous siltstones and purple ferruginous
shales) with a pervasive slaty cleavage is presently
interbedded within the quartzitic sandstones. Some
beds within this slaty horizon (termed as Dornala Slate
in literature) displays evidence of having suffered soft-
sediment deformation.

These sediments can be attributed to a shore-
face environment, ranging from supratidal to the beach

environment. Saha et al. (2016) have suggested that
they are a product of a deltaic fan system which
eventually grades to a peritidal to inner shelf
environment of deposition.

Cumbum Formation

Deformed sediments that were mapped by earlier
authors as Pullampet (Kolamnala) Slate, Giddalur
Quartzite, and Dolomite are collectively included
within this Formation. The arenaceous Bairenkonda
Quartzite is followed upwards with a gradational
contact by siliceous and ferruginous argillites of the
Cumbum Formation. Initially thin interbeds within the
basal conglomerates and sandstones give way rapidly
to progressively thicker and thicker shales of this
formation. The argillites grade into calcareous shales
and dolomitic limestones further up in the sequence.
Stromatolitic colonies have been recorded from
several places in the dolomitic limestones. These
stromatolitic assemblages are established to be of
Riphean age. This sequence of the Cumbum
Formation generally occupies the valleys that alternate
with the quartzitic ridges in the NFB. These rocks
display ductile deformation. Recent studies have
shown that some of the ‘porcellanite’ beds and cherty
beds interbedded within this shale-limestone sequence
are either ash-fall tuffs or recycled volcaniclastic
deposits. Based on their overall characters, these
sediments are attributed to an initial barrier beach
environment that rapidly is replaced by tidal flats. Inner
to outer shelf regime dominates in the middle part of
this formation (with thick dolomites and calcareous
shale) which eventually gives way to the subtidal bar
to peritidal environments in the upper parts.

These rocks have been subjected to low-grade
metamorphic alterations at places, with maximum
biotite grade metamorphism being recorded in the
pelitic rocks. Chlorite schists, chloritic quartzites and
incipient hypersthene development in the impure
calcareous rocks have been recorded from different
parts of the NFB.

Srisailam Subbasin

The Srisailam subbasin is separated from the Papaghni
subbasin (that hosts the older sequences in the CB)
by the cap of younger sediments in the Kurnool
subbasin (Fig. 2). Its western edge exposes the angular
and erosional unconformity below which the basement
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complex rocks are exposed. Its eastern contact with
the NFB is unconformable at places and tectonic at
others. The spectacular 150 — 225 m deep Krishna
river gorge runs across this subbasin across a channel
length of nearly 100 km. This subbasin hosts only the
Srisailam Quartzite.

Srisailam Quartzite

This is a 300 m thick sequence of quartzose sandstone
with a very high degree of mineralogical maturity.
Ferruginous sandstones (red-beds) and minor shales
(including some horizons of black shales) are also
present. Large cosets of tabular cross strata indicate
that they were deposited by part of a large river
system, deposited in dominantly arid, barren
conditions. Wave ripples and dunes, with the
concentration of very well-sorted and well-rounded
coarse sand and granules in the troughs, are recorded
on the bedding planes of thicker beds. The braided
alluvial deposits are followed by mature marine
sandstones and some beds that suggest aeolian
deposition (Patranabis-Deb et al., 2012). The topmost
beds in succession consist of quartz arenites, represent
deposition in wave-dominated environments where
constant winnowing operated. The sandstones form
positive-relief sand-bodies, which are made up of
“wavy parallel” or “pinch and swale” beds, creating
shoaling up linear bars and ridges, separated from
each other by muddy to low-energy sandy deposits.

The occurrence of red-beds within this sequence
has been interpreted to suggest that it was deposited
after the Great Oxidation Event (GOE) in an essential
fluvial to the marine environment, which includes
proximal to distal reaches of braided alluvial plains
under conditions of lateral migration of the active river
system. Basu et al. (2017) recognized five facies
associations (containing fifteen individual facies) of
sandstones and black shales from the Chitrial outlier
of the Srisailam Quartzite. They suggested continental
half-graben type basin with the black shales and
sandstones being attributed to a deep lacustrine and
pro-delta environments respectively. Prolonged
vertical aggradation in a gently subsiding intracratonic
depository led to the formation of the thick units of
the Srisailam subbasin without any major break.

Kurnool and Palnad Subbasins

The Kurnool Group is developed in two subbasins,

the Kurnool in the west-central part and the Palnad
in the north-eastern part of the Cuddapah Basin (Figs.
1 and 2) The Kurnool Group in Kurnool subbasin,
overlies the Papaghni and Chitravati Groups and
onlaps the gneissic basement of EDC with a major
unconformity. In Palnad area the Kurnool Group
unconformably overlies the Peninsular Gneiss and the
Srisailam Quartzite. The Kurnool Group is more than
450m thick and is divided into six formations,
comprising two cycles of sandstone — limestone —
shale sequences in the Kurnool subbasin (Table 1).

Banganapalle Quartzite

The Banganapalle Quartzite rests upon the basement
complex with an unconformity along the western edge
of the Palnad subbasin and the north-western edge
of the Kurnool subbasin. It also displays an angular
and erosional unconformity with the underlying
sediments from the Srisailam and Papaghni subbasins,
respectively (Fig. 2). The basal polymictic
conglomerate contains a variety of clasts including
those of red, green jasper, silicified dolomite, black or
grey chert, vein quartz, quartzite, phyllite and granite.
These basal rudaceous beds display normal or reverse
grading of the clast sizes, and are internally crudely
planar parallel stratified. They are laterally
impersistent and grade upwards into coarse-grained
pebbly sandstone. This is followed by multistorey
bodies of trough cross-stratified coarse-grained sheet
sandstones (with unidirectional south and east-ward
palacocurrent directions). They are attributed to
alluvial fan and braided fluvial plain deposits. Cross-
stratified, medium-grained pebbly quartzose sandstone
and well-sorted subarkosic to quartzose sandstone with
bimodal-bidirectional palaeocurrent direction that
follow, are petrologically more mature. These upper
sandstones are interpreted to be deposited as tidalbars
which gained height and experienced subaerial
exposure. The upward fining succession in this
formation displays increasing occurrence of mudstone
drapes, suggesting a transgressive shoreline during a
rise in relative sea level.

Narji Limestone

The plane laminated heterolithic siltstone-calcareous
shale in the uppermost Banganapalle Quartzite gives
way to laterally persistent beds of limestone marl of
the Narji Limestone. These limestones occur in a
subhorizontal disposition and are widespread in their
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presence across the Kurnool and Palnad subbasins. The Narji limestones display a flaggy
In the latter, this represents the youngest horizon that appearance, and beds can be traced laterally across
is exposed on the surface. Stromatolitic bioherms have several kilometers continuously. They generally
been sporadically recorded from this horizon (Raha display a rhythmic repetition of variegated and grey

and Sastry, 1982).

impure limestones in parallel stratified sequences.
Such rhythmites suggest alternating cycles of climatic
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changes or alternating cycles of variations in the
depositional environment. Presence of pyrite in some
of these beds indicate a local euxinic condition that
may reflect an oceanic anoxia (Patranabis-Deb et
al., 2016) or episodic development of trapped sea-
water pools yielding locally reducing conditions. Such
situations are common in the land-ward part of the
maximum flooding surface during a transgressive
cycle, where the basin is connected to the open ocean.

Owk Shale

The ochre yellow colored Owk Shale is laterally
extensive across the Kurnool subbasin. This formation
has a few interbedded fine sandy/silty beds in the
upper parts. Welded tuff and volcaniclastic sandstones
have been recorded at certain stratigraphic levels
within the Owk Shale (Saha and Tripathy, 2012b).
The shale beds are planar tabular and are internally
plane parallel-laminated or exhibit normal grading.
They may be interpreted to be tidal flat deposits in an
outer shelf regime. Replacement of the relatively deep-
water, carbonate platform by the muddy shelf
depositing Owk Shale points to the lowering of the
sea level.

Several carbonaceous organic remains and
cyanobacteria have been reported from this horizon
(Sharma et al., 2016; Sharma and Singh, 2019). Of
these, Chuaria and Obruchevella have been
considered to be diagnostic of upper Neoproterozoic
age and suggest the correlation of the Kurnool Group
with the comparable biota from the Bhima, Vindhyan
and Chattisgarh basins.

Paniam Quartzite

The transition of the succeeding sandstones with the
underlying the Owk Shale is marked by thin, wavy
bedded to rippled, medium-grained quartzite, which
passes up to very well sorted medium- to fine-grained
quartz arenite (with 99% quartz clasts). King (1872)
named these sandstones as “Plateau Quartzite” or
“Pinnacled Quartzite” based on their exposure as flat-
topped and steep pinnacle-like isolated hills around
Paniam village in the Kurnool district.

The quartzose sandstone has (> 1 m) thick
parallel or lenticular beds that display internal wavy
parallel or planar and trough cross-stratified nature
with large foresets. The texturally and mineralogically

mature sandstones with amalgamated cross-stratified
beds are interpreted to be the products of wave
reworked bars in an open coastal environment. The
sharp contact between the Paniam Quartzite and the
underlying shales, suggests a forced regression within
the Kurnool subbasin.

Koilkuntla Limestone

Buffto mauve colored argillaceous limestone, devoid
of any coarse clastic and stromatolite, and mostly
composed of micrite and marl characterize the
Koilkuntla Limestone. It overlies the Paniam Quartzite
with a gradational contact. It is followed by the
Nandyal Shale with a transitionalzone of argillaceous
limestone. Laterally persistent, planar tabular beds
with planar or wavy parallel laminations are
conspicuous. This limestone also has micrite-marl
rhythmites that persist across a few hundred meters
laterally with a consistent thickness.

Nandyal Shale

Brown colored, thin-bedded, plane parallel laminated
shale (with calcareous shales attaining a thickness of
up to 15 cm) overlying the Koilkuntla Limestone with
a gradational contact is designated as the Nandyal
Shale and best exposed near the Nandyal town. The
storm laid thin (1-2 cm) normally graded silt or fine
sand layers, often with fading ripple, are preserved in
thicker shale beds. The coarser fraction represents
the intermittent storm within muddy background
sediments. Soft sediment deformation and lime-clast
conglomerate beds are commonly seen in these beds.

Synthesis

Several earlier workers have analyzed sedimentary
facies associations, their lateral and vertical distribution
within the different subbasins from the Cuddapah
Basin. We use the newer data and analysis to update
this. Figure 4 summarizes the current understanding
of the sedimentological patterns and the depositional
regimes as enumerated in the preceding pages. We
do not include the Nallamalai Group, pending a better
resolution of its structural patterns leading to a more
robust understanding of its succession and facies
distribution.

The Cuddapah Supergroup consists of four
unconformity bounded sequences. Each of these
sequences appears to have a unique internal
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configuration, which reflects varying patterns of the
relative sea-level change. Based on chemistry and
stable isotopes, Khelen et al. (2017) and Mitra et al.
(2018a) concluded that the Mesoproterozoic
stromatolitic dolomites from the Vempalle and Tadpatri
Formations were deposited in subtidal-intertidal-
supratidal zones on a shallow shelf under warm,
alkaline and anoxic conditions, in conformity with the
sedimentological studies elucidated above. The
variations in the relative sea-levels reflect not only
differing rates of basin-floor subsidence driven by
diversity in the tectonic environment in which it
occurred but also the changes in the sediment supply
from the provenance. The relative sea-level curve
plotted in Fig. 4 (comparable to the exercise by Patil
Pillai and Kale, 2019) is based purely on changes in
the inferred the depositional depths of various horizons
from the individual sequences.

The weathering in a humid subtropical climate
and erosion of the Eastern Dharwar Craton occurring
on its western side has supplied the terrigenous
sediments for the Papaghni, Chitravati, Srisailam and
Kurnool sequences (e.g., Collins et al., 2015; Khan
et al., 2018). Detrital zircon analysis confirms the
dominance of the EDC as the original primary
provenance for the CB, although some derivation from
the Krishna Orogen as well as the Antarctic block
has been indicated in the Nallamalai Group.

Palaeocurrent directions have changed with
time. The Gulcheru Quartzite displays an easterly,
north-easterly to south-easterly palaecoflow. The oolitic
beds in the upper Vempalle Formation show north-
easterly palaeocurrent directions. This may have been
caused by the orientation of the oolite bank/bar in a
direction transverse to the shore-line. The Pulivendla
Quartzite preserve very strong north-easterly flow,
but also with a weak opposite current, which may
reflect the retreating tide. Gandikota represents overall
north to northeast flow. Srisailam represents west to
north-westerly flow. Banganapalle indicates south and
easterly palaecoflow pattern with local bidirectional
palaeocurrent.

Structure and Tectonics

The difficulties in decoding the structural complexities
of the CB-NSB block (as enumerated quite aptly by
King, 1872, and subsequent workers) were eased by
the advent of remote sensing technology. The work

of Meijerink et al. (1984), Venkatakrishna and
Dotiwala (1987), Nagaraja Rao ef al. (1987) and
mapping by the officers of the Geological Survey of
India (documented mostly in unpublished reports) and
the Atomic Minerals Directorate demonstrate the
efficacy of this technology in deciphering the structural
complexities, leading to a more robust correlations of
strata over the years. The District Resource Map
series and Quadrangle Geological maps of the
Geological Survey of India provide a glimpse of the
exhaustive work by the officers of the Geological
Survey of India in this basin, which unfortunately has
remained excluded from the modern scientific
discourse due to difficulties in accessing their work.
The overall structural framework of this region has
been enumerated above Regional Framework.

Tectonic Subdivisions

The following sequence of geologically and structurally
distinct domains can be recognized along an E-W
regional traverse across the Cuddapah basin (Fig. 5).
They are also evident in the Deep Seismic Sounding
profiles across the basin:

(a) EDC: The deeply weathered and eroded cratonic
block which has the Archean gneisses,
greenstone belts, and granitoid bodies intruded
by multiple pulses of Paleoproterozoic mafic
dyke swarms.

(b) Western subbasins: Unconformable capping of
gently eastward dipping Paleo- to
Mesoproterozoic sedimentary sequences with
interbedded igneous rocks (in the Papaghni and
Srisailam subbasins) and subhorizontally
disposed Neoproterozoic sedimentary sequences
(of Kurnool Group). They are locally folded
into open folds and drag folds along transverse
faults and their eastern thrust boundaries.

(c) NFB: a Pervasively folded sequence of
Mesoproterozoic sediments with essentially N-
S trending curvilinear regional fold axes; that is
thrust over the sedimentary successions of
western subbasins along its western edge.

(d) NSB: Neoarchean metavolcanics (Ravikant,
2010) with Mesoproterozoic accretionary
sequences collisional arc affinities, ophiolite
slivers, tectonic slices of basement gneisses, and
intruded by granitic and alkaline bodies; which
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Fig. 5: Schematic E-W cross-section (not to scale) across the Cuddapah basin, modified after Johkan Ram (2012) based on field
data, geophysical data and information discussed in the text above. The tectonic terranes that can be recognised are (a)
Basement Terrain of the EDC, (b) Western subbasins, (¢) Nallamalai Fold Belt and (d) Nellore Schist Belt from west to
east successively. The granitoid intrusives (red blobs with crosses), mafic dykes / sills, and lavas (in green shading) and
the faults associated with the Cuddapah Supergroup are depicted only in an indicative manner. See text for discussions

on them

in turn is thrust over the NFB.

Geophysical studies across the CB since those
in the 1980°s by NGRI (e.g., Kaila and Tewari, 1985;
Krishna Brahmam et al., 1986; Krishna Brahmam,
1989; Ram Babu, 1993; Kishore and Rama Rao, 2004)
and more recent studies by Chandrakala e al. (2013)
also show that these four adjoining terranes have a
contiguous upper continental crust with mutually
differing crustal characters. These studies also
reaffirm the deep crustal nature of the Maidukuru
and Vellikonda Thrusts that bound the NFB on either
side and some of the other associated faults. Figure 5
is a generalized sketch of these terrains and their
mutual relations and draws from the trans-basin
sections compiled by several previous authors (King,
1872; Narayanaswami, 1966; Rajurkar and
Ramalingaswamy, 1975; Nagaraja Rao et al., 1987,
Kale, 1991).

Basement

As described above, this is the eastern margin of the
East Dharwar Craton of southern India, which
evolved through a series of events during the Archean
times. This was subjected to a protracted period of
weathering and erosion, leading to a peneplain
topography capped by an extensive regolith layer after
its emergence as a cratonic block. The relicts of this
regolith horizon are preserved below the basement-
cover unconformity at several places along the
western margin of the CB. Intrusive Neoarchean
granitic bodies appear as tors and smooth rounded

hillocks throughout the basement terrain.

Other than its inherited structural complexities,
Paleoproterozoic intrusive mafic dyke swarms
(Kumar et al., 2015; Nagaraju et al., 2018; Pandey
and Chalapathi Rao, 2019) with preferred orientations
and numerous regional quartz-pegmatite veins and
dykes criss-cross the EDC. All these intrusives stand
out as long linear ridges within the peneplain basement.

Western Subbasins

These sets of subbasins that host Proterozoic sediments
along the western side of the CB are characterized
by a structurally undeformed nature. The older
sequences (Paleoproterozoic Papaghni - Chitravati
Groups and Srisailam Group) display gently easterly
dipping strata, while the younger Kurnool sequences
display a dominantly subhorizontal disposition. The
subbasins expose some extensional growth faults (of
ten parallel to the subbasin boundaries) that are mostly
normal gravity faults. Reverse faulting, drag folds
(within the Papaghni Group) and steepening of strata
are recorded along such faults, which have led to the
repetition of strata in the down-dip direction. They
suggest short-lived (?synsedimentary) tectonic events
in the early history of the CB.

The sequences in these subbasins are transected
by younger transverse faults (such as the Gani-Kalva
fault), of which the major ones are depicted in Fig. 2.
They strike in either the WNW-ESE or ENE-WSW
direction. Transtensional deformation witha local
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reverse sense of movement along the fault-plane is
recorded from such transverse faults. They may
represent the conjugate pair of extensional fractures
that evolved during the E-W oriented opening of the
CB. Recent studies in K.K. Kottala-Pulivendla section
in the SW part of the basin, revealed the presence of
NNW-SSE and ENE-WSW trending vertical
fractures in the Gulcheru Formation. The former trend
correlates well with the NNW-SSE to NNE-SSE
trending mafic and ultramafic sills in the Papaghni
sub-basin, suggesting that they were deep crustal
fractures that acted as conduits for the magma
emplacement. The sequences display intense
cataclastic deformation in the sandy horizons and
quasi-ductile deformation in the argillites and carbonate
beds along with the Maidukuru thrust marking the
eastern limit of the subbasins (both in the hanging
wall and the immediate footwall). Structural analysis
of the E-W trending faults such as the Vempalle and
Idupulapaya faults from south of Papaghni subbasin
(Goswami et al., 2016; Mukherjee et al., 2018)
indicate that they are superimposed faults. Paleostress
analysis of such late faults and joints from the
basement and sedimentary cover from this part of
the basin led to the inference of their origin linked to
the EGB orogeny.

None of the sequences in these subbasins has
suffered any significant metamorphic effects, except
for thermal alterations along the walls of the intrusive
sills in the Vempalle and Tadpatri Formations.

Cataclasis is recorded only in the vicinity of faults.

Nallamalai Fold Belt (NFB)

Field-based studies in recent years have contributed
to deciphering the structural complexities of the NFB
(Tripathy and Saha, 2010, 2015). Detailed mapping
on a 1:25,000 scale in the northern part of the NFB,
yielding significant evidence of its structural evolution
concerning the Palnad subbasin. Tripathy et al. (2019)
were able to demonstrate that the folded Nallamalai
Group of rocks are thrust over subhorizontal Kurnool
sediments. The complex folding and imbricate thrust
planes could be modeled by them, providing an insight
into the thrust-sheet emplacement along the Maidukuru
Thrust. The thin-skinned nature of the thrust-sheet is
evidenced by the development of klippe and window
structures (Fig. 6).

Two events of thrusting can be recognized from
the NFB. The thrusting of the Neoarchean granitic
gneiss and the NSB along the Vellikonda Thrust
(marking the eastern edge of the NFB) and of the
Nallamalai Group on the relatively undeformed
sequences from the western subbasins along the
Maidukuru Thrust have produced the complex
structural geometry of the sequence in the NFB.
These structural patterns testify to the fact that this
fold belt is an allochthonous unit, produced during a
collisional tectonic regime (Saha and Sain, 2019).
Recent studies on intrusive granitic rocks near
Vellaturu, Ipuru and Nakerikallu from the NFB
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confirm that they are arc-magmatic intrusives. This
collisional event may be related to the amalgamation
of the Mesoproterozoic supercontinent. The various
structural fabric recorded along the NFB suggest
multiple events of convergence and extension with
different stress regimes operating at different times
in different parts of the belt.

The development of lower greenschist facies
metamorphism, has been recorded in the NFB. The
occurrence of chlorite-muscovite quartzites, chlorite
schists, calc-silicate marbles, is known from various
exposures of the Nallamalai Group. They can be
related to the supra-crustal stress regimes that these
rocks suffered during the multiple phases of thrusting.

Nellore Schist Belt (NSB)

Multiple cycles of deformation and metamorphism
have affected the NSB. The Kandra ophiolite
complex, occurring in the southern part of the NSB,
hosts deep-water pelagic cherts, turbidites and
intercalated pillowed metaba salts with sheeted dykes.
This complex and associated high-grade metamorphic
rocks from the Vinjamuru Group (Fig. 3) is considered
to be 1.9 Ga old (Vijaya Kumar et al., 2010, Saha and
Sain, 2019). A younger Kanigiri ophiolitic melange
(~1.3 Ga) occurs in the northern parts of the NSB.
Intensely folded meta-sedimentary rocks constitute
the N'SB as a whole, with the higher grade migmatitic
gneisses and amphibolite grade metamorphics clubbed
into the Vinjamuru Group, while the greenschist grade
mica-schists and quartzites are clubbed in the Udaigiri
Group.

Structurally and metamorphically, the NSB
represents the upper crustal segments of a subduction
zone complex, associated with island-arc development
and closure. The closure of the oceanic realm and
overthrusting of this block was associated with lower
crustal melting that led to the emplacement of a large
number of alkaline—granitoid intrusive bodies in the
thrust sheets. These include the PAkP; Kanigiri,
Kantamvaripalle, Podili, Vinukonda granites that were
emplaced within the NSB; and also perhaps the
Vellaturu—Ipuru-Nakerikallu granites emplaced within
the NFB (Sesha Sai et al., 2017; Singh et al., 2018;
Saha and Sain, 2019; Sesha Sai, 2019).

Igneous Activity

The Cuddapah Basin and its adjoining terrains have

witnessed several phases of magmatism (GSI, 1981;
Nagaraja Rao et al., 1987; Chatterjee and
Bhattacharjee, 2001; Anand et al., 2003; Kumar et
al., 2015) some of which are unequivocally linked to
the tectonic evolution of this basin.We exclude the
magmatic—-metamorphic—anatectic phases that have
contributed to the Archean cratonic evolution of the
EDC and related basement complex from this
discussion. These phases may be broadly classified
(based on location, age and type) into:

a) Mafic dyke swarms intruding the EDC exposed
west of the CB;

b) Igneous rocks (including basaltic lava flows,
mafic sills & dykes, and tuffaceous volcaniclastic
sediments) interbedded within the Cuddapah
Supergroup;

c) Ophiolitic strata from the NSB;

d)  Granitic and Alkaline igneous rocks intruding the
NFB and NSB.

Mafic dyke Swarms

Paleoproterozoic mafic dykes intrude the basement
complex of the EDC (Kumar et al., 2015; Nagaraju
et al., 2018; Pandey and Chalapathi Rao, 2019). Based
on their ages, five intracontinental tectonothermal
events (at 2.37, 2.21, 2.18, 2.08, and 1.89 Ga) have
been recognized to have manifested in these dykes.
Kumar et al. (2012) inferred the swarm around 2.37
Ga to have an outward radiating geometry with the
Clospet Granite massif — Western Dharwar craton at
its center, Kumar et al. (2015) suggested that the
2.08 Ga swarm seemed to radiate outwards from the
CB.

Ophitic textures and serpentinized olivine
(suggesting low-temperature alterations) are
commonly recorded from them. These dykes are
doleritic to gabbroic and are petrologically
demonstrated to have been sourced from mantle-
derived melts. Some authors attribute them to thermal
plumes, while others doubt such a model. Nonetheless,
it is significant that the youngest of these dykes were
coeval with the igneous activity interlayered in the
Papaghni and Chitravati Groups.

Interbedded Igneous Rocks

They include a variety of lava flows, mafic sills, and
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intrusive dykes, occurring conformably interbedded
within the sedimentary strata from the Papaghni
subbasin. The presence of thyolitic to rhyodacitic tuffs
was recorded from the Owk Shale by Saha and
Tripathy (2012b). No igneous rocks are known to be
interbedded within sediments in the other parts of the
basin. Suspected volcaniclastics interbedded within
the Nallamalai Group and volcanogenic cherts in the
limestones of Kurnool Group are potential exceptions
to this statement, awaiting confirmation from future
studies.

Chakraborty et al. (2016) had attributed partial
melting of spinel - garnet peridotite for Vempalle lava
flows. Singh et al. (2018) studied six basaltic lava
flows from the Vempalle Formation. They suggested
sulphur-saturated nature of magmas in a rift-
controlled intraplate setting associated with an ocean-
continent transition zone for the emplacement of these
lava flows based on PGE chemistry. Chakraborty et
al. (2016) distinguished five varieties of sills intruding
the Tadpatri Formation based on petrographic and
geochemical studies. They inferred that the mafic sills
of Tadpatri Formation are derived from small scale
localized melting of the contaminated mantle in a rift
setting. A small plume at depth may have initiated
incipient rifting in western CB, followed by partial
melting of upper mantle according to them. Goswami
et al. (2018) focused on the characterization and
categorization of field-based features diagnostic of
silica-rich volcanic activities and volcanic facies
analysis in the Tadpatri Formation. They concluded
that this volcanism was associated with rifting and
was erupted in shallow marine condition.
Lakshminarayana et al. (2019) inferred that the
intrusive mafic bodies exposed north of Veldurti
reflect the magmatic underplating at shallow crustal
levels below the rifted western margin of the
Cuddapah basin. Available dates of these mafic
igneous rocks indicate that they were emplaced
between 1.9 Ga and 1.8 Ga, contemporaneously with
the youngest dyke swarm intruding the basement of
the CB.

Taking the sedimentation patterns in the
Papaghni subbasin and these igneous rocks into
account, there is no doubt that it is an extensional
continent-margin basin (sensu: Allen et al., 2015) that
was associated with thermal activity. Whether a retro-
arc continental setting (Sesha Sai et al., 2017) or a

rift-margin setting is more appropriate for this subbasin
is a debate that is open as yet.

Ophiolitic Rocks From NSB

The Kandra Ophiolite Complex (~ 1.9 Ga) and the
Kanigiri accretionary terrain (~1.3 Ga) are exposed
in the southern and northern parts of the NSB,
respectively (Fig. 4). The slices of Kandra ophiolite
complex and associated deep water pelagic chert and
turbidites intercalated with pillowed metabasalts and
sheeted dykes thrust within the amphibolitic schists
and gneisses of Vinjamuru Group are interpreted to
be remnants of oceanic back-arc crust (Saha and
Sain, 2019). It has been suggested that the (arc-)
oceanic realm in which they originated was at some
distance from the eastern edge of the EDC before
being tectonically transferred to their present location
as imbricate thrust sheets. The development of
granulite facies metamorphism and partial melting at
~1.6-1.7 Ga in the Ongole domain further east of the
Vinjamuru domain probably indicates a culmination
of Paleoproterozoic subduction-collision cycle on the
east of the CB and NSB.

The existence of an island arc-type oceanic realm
~1.3 Ga east of the EDC is suggested by the
fragmentary evidence preserved in the Kanigiri
Ophiolite (KO) with a melange zone (Sain and Saha,
2018). It is speculated that the tectonic collapse of
this volcanic arc with continued convergence onto
the continental crust (which was fronted by the NFB)
led to the amalgamation of the arc along with the
Vinjamuru and Udaigiri domains. This collisional
tectonism may be associated with partial crustal
melting and emplacement of granitic and alkaline
intrusives in this region.

Granitic, Alkaline and Mafic Intrusives

These include the various intrusive bodies recorded
from several parts of the CB and NSB. As mentioned
earlier, large batholithic granitic intrusives of
Neoarchean and early Paleoproterozoic age in the
EDC represent the last phase of cratonisation
(Ramakrishnan and Vaidyanadhan, 2008). They do
not prima-facie have a direct bearing on the evolution
of the CB and its tectonics. Large granitic batholith
emplacement in upper crustal domains has been
considered to trigger doming and eventual extensional
growth of intracratonic basins.



Cuddapah Basin, India: A Collage of Proterozoic Subbasins and Terranes 155

It is interesting to note that the publications from
the Atomic Minerals Directorate (Jeyagopal et al.,
1996; 2011; Verma et al., 2011; Thomas et al., 2014)
mention ‘fertile basement granites and hydrothermal
reactivation’ as the primary source of Uranium —
Thorium mineralisation in the CB. It appears that the
weathered Archean granitic rocks of the basement
were thermally reactivated at a later date, enabling
the emplacement of enriched mineralizing fluids into
the sediments.

The late- to post-tectonic (1.28-1.3 Ga) Kanigiri
granite and other satellite granitic stocks intruded NSB
(see Fig. 3). They are interpreted to represent the
last phase of the tectonic cycle of the collision between
the Indian Peninsular and Antarctic block in this region.
Magnesianfeldspathic arc magmatism has been
established within the NFB (Sesha Sai, 2019). It has
been interpreted to corroborate the subduction related
magmatism witnessed along the continental margins
of the Columbia supercontinent. Though Sesha Sai
(2019) indicated an early Mesoproterozoic age for
the VIN granites NSB (based on monazite dating),
zircon U-Pb dates will provide better constraints on
the chronology of events.

Chalapathi Rao et al. (2016) had reported
Mesoproterozoic lamproites (~1.4 Ga) cutting through
the Tadpatri Shale. They interpreted the involvement
of multiple reservoirs for their genesis and linked its
emplacement to extensional events related to Columbia
breakup. Lamprophyric and related intrusions into the
Cuddapah sediments are known from Chelima,
Racherla, Giddalur and Zangamarajupalle along the
NFB, as well as those in the surrounding basement of
the EDC at Wajrakarur, Lattavaram, Mehboobnagar
and Ramannapetta. It is evident that this region has
seen a wide-spread event of lamprophyric intrusions
around 1.4 Ga. Such magma has a unique deep-rooted
and complex origin suggests significant mantle activity
at this point in time. Lakshminarayana and Vijay
Kumar (2018) suggested that some of the mafic
intrusives occurring south of the Gani-Kalva fault may
be of post-Kurnool age.

The PAKP in the NSB (Upadhyay et al., 2006;
Subramanyam et al., 2015) is a complex array of
intrusive bodies ranging in composition from nepheline-
and hornblende-syenites, quartz-monzonites,
anorthosites, norites to gabbros. They are generally

considered to represent products of melting of upper
mantle sources and mixing with melts derived during
island-arc related tectonism that were emplaced to
upper crustal levels.

Synthesis

Age of Sequences

The interbedded volcanics from the Papaghni and
Chitravati Groups provided the most reliable ages for
their sedimentation. Sesha Sai (2017; Table 1) has
compiled a comprehensive analysis of the available
geochronological data. It is evident that the volcanics
from these two groups were emplaced between 1.8
Ga and 1.9 Ga, with the work of Sheppard (2017a)
reaffirming this. The ages of the mafic sills (that
intrude the Vempalle and Tadpatri Formations are also
consistent with this. Zachariah (1999) had given age
of 1756 + 29 Ma for uranium mineralization in the
Vempalle Formation, while Rai (2015) had computed
an age range of 1.9 Ga—2.0 Ga for dolomitization and
uranium mineralization in the same formation.

The detrital zircons from the siliciclastic
sediments from the CB yield U-Pb ages ranging from
2.54 Ga to 0.91 Ga (Collins et al., 2015). They
represent the ages of the provenance rocks but help
constrain the maximum depositional age. Based on
this, they suggested that the Papaghni and Chitravati
Groups were fed by detritus from the Dharwar craton
and may have been deposited after 2.0 Ga. These
and other detrital zircon ages have been used by
workers to infer the ‘maximum depositional age
(MDA)’ of the host sediments (e.g., Absar et al.,
2016; Bhaskar Rao et al., 2016). It is necessary to
recognize that this inference only ensures that the
sediments are not ‘older than the MDA’ but does not
provide any concrete evidence of the actual age of
deposition. The zircons give ages of the rocks from
the provenance and at a time also help identify the
source-rocks very accurately. It does (in some cases)
help in defining relative younger / older strata, based
on the age populations. Uncertainties in the quotient
of reworking and recycling (even for hydrothermally
altered zircon crystals) that need to be resolved by
the petrography of the host strata can also add to
mistaken age attributes.

Sahoo et al. (2017) record age of 2.53 Ga for
magmatic zircons, while hydrothermally altered zircons



156

Vivek S Kale et al.

provide Concordia of 2.32 Ga and 2.12 Ga from U-
Pb dating of zircons and U-Th-Pb, ., dating of
monazite and uraninite from both the basement and
cover in the Palnad subbasin. They conclude that the
host sediments (which have been mapped as
Banganapalle Quartzite) may have been deposited
between 2.53 and 2.12 Ga. This study discusses the
problems of using detrital zircon ages for dating
sediments and points out that if the ages are taken as
depositional ages, these strata (which are currently
classified in the Neoproterozoic Kurnool Group) may
belong to much older (perhaps-Gulcheru Quartzites)
formations. The unconformable relation between the
Banganapalle Formation and the underlying Papaghni
and Chitravati Groups is unambiguous in the Kurnool-
Nandyal section, Yambayi-Ramallakota and
Banganapalle sections. We, therefore, conclude that
the zircons only provide a clue of the age of the
provenance, not the sedimentation of the Kurnool
Group.

Collins et al. (2015) and Sesha Sai et al. (2017)
concluded the Nallamalai Group was deposited
between 1.68 Ga and 1.59 Ga, with inputs from the
eastern tectonically active belt (EGB+NSB or
collectively the Krishna Orogen) as the primary
source of detritus. The Srisailam Quartzite may have
been deposited at the same time, further westwards
in a separate basin, according to them. The Kurnool
Group may be reaftirmed as distinctly Neoproterozoic
in age, with zircons dated at 913 + 11 Ma occurring
in the Paniam Quartzite. To a large extent, this is
consistent with the biotic remains reported from the
Kurnool Group (Sharma et al., 2016; Sharma and
Singh, 2019).

The geochronology of the NSB has been
constrained by the ages of granites and ophiolites that
are present in the belt (Saha et al., 2017; Sain et al.,
2017; Saha and Sain, 2019). The Vinjamuru Group is
thrusted over by the 1.9 Ga Kandra ophiolite complex.
This and the granulitic metamorphism (1.6-1.7 Ga) in
the Ongole domain together suggest that the deposition
of the Vinjamuru sediments (in a deep marine
environment on the oceanic floor) may have occurred
before 1.9 Ga, while its metamorphism and tectonic
upthrusting of the Vinjamuru Group may have occurred
around 1.6 Ga. The Udaigiri domain represents a
younger arc that evolved and was deformed around
1.3 Ga. The granitoid and alkaline intrusions testify to

a younger age (~ 1.1 Ga) of the closure of the arc
and the accretion of the NSB with the CB along the
Vellikonda Thrust.

The Cuddapah Supergroup (excluding the
Kurnool Group) was traditionally recognized as the
oldest ‘Purana’ sequence (Kale and Phansalkar,
1991). Geochronological data has reaffirmed this to
the extent that the Papaghni and Chitravati Groups
are confirmed to be amongst the oldest of the Purana
sediments, broadly coeval with the Bijawar and
Gwalior Groups from the Vindhayan Basin (Basu and
Bickford, 2015). It is possible to correlate them with
the Bagalkot Group from the Kaladgi Basin (Joy et
al., 2018), subject to alternate views on the age of
the Kaladgi sediments (e.g.: Patil Pillai et al., 2018,
2019). On the basis of the new data on geochronology,
sedimentation and deformation of the different crustal
blocks, a schematic chronology of events is given in
Fig. 7. The timing of the supercontinental assembly
and break-up depicted in this figure are based on
Cawood and Hawkesworth (2014) and Condie (2015).

Tectonic Framework

The age, content, and structural character of these
sequences on the eastern margin of the Dharwar
craton suggest that variable tectonic regimes were
operational at different times during the Proterozoic.
The earliest Proterozoic activity in this region is
manifested as multiple pulses of mafic dyke swarms
that intruded the EDC between 2.3 Ga and 1.8 Ga.
Most workers agree that magma generation related
to the emplacement of these dykes is related to upper
mantle melting. While some attribute this to a plume
activity, others suggest that incipient rifting of the EDC
may have led to the melt generation at depths. This
period is one when the earliest supercontinental
assembly (named Kenorland by Cawood and
Hawkesworth, 2014) of Archean antiquity started to
get reorganized, with break-up and reassembly of the
constituent blocks into Columbia /Nuna supercontinent
during the middle Paleoproterozoic (Pirajno and
Santosh, 2015; Condie et al., 2015; Puetz et al., 2017).
The Indian Peninsular shield has Antarctica — Australia
on its eastern side in this assembly (Piper, 2018).

The thermal events and rifting of the EDC along
its eastern margin led to the generation of the Papaghni
subbasin as a rifted passive-margin system around
1.9 Ga. Sediments derived by weathering of the
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emergent cratonic block fed this epicratonic basin. It
may have continued to deepen and receive sediments
till around 1.7 Ga. As suggested by Basu and Bickford
(2015), the contemporary eastern sea-board of

Peninsular India has hosted several disconnected
basins along with it. Further eastward, this continent
margin had an oceanic interface, preserved in the form
of the Vinjamuru Group in the NSB. The presence of
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silicic tuffs interbedded within the Chitravati Group
suggests that there would have been an active (? arc-
type) volcanic activity in the vicinity. This establishes
that a passive continental margin must be present
during the period of 1.9 Ga to almost 1.6 Ga on the
east of the Dharwar craton.

The global cycle of amalgamation of the Nuna
(Columbia) supercontinent is reflected in the cessation
of sediments in the Papaghni subbasin of the CB and
the tectonism of the Vinjamuru block in the NSB.
Closure of oceanic realms and compressive tectonism
may have led to the emergence of a fore-arc sector
in the NSB and a retro-arc continental basin along
the Nallamalai belt (including perhaps the Srisailam
subbasin). The tight folding along the NFB and
overthruting recorded along the Maidukuru Thrust are
consistent with this model. The eventual closure of
the eastern arc (Udaygiri block from the NSB) and
its collisional accretion with the CB along the
Vellikonda Thrust appears to match well with the late
Mesoproterozoic global cycle that led to the evolution
of Rodinia supercontinental assembly. These
accretionary tectonics produced melts that were
emplaced as the granitoids and alkaline rocks in the
NSB and some parts of the CB. This was followed
by a period of tectonic quiescence which ended with
the extensional sagging in parts of the CB, yielding
the Kurnool Group of sediments.

If the CB (on a stand-alone basis) is appraised
from a sedimentary basin perspective (Allen and Allen,
2005; Allen et al., 2015), its basement of EDC and
position on the cratonic edge places it as a continental
margin basin. However, its subbasins display diverse
growth histories at differing times, and therefore it
must be recognized as a polyhistory basin (Kale, 1991).
The Papaghni subbasin is a rifted continental margin
basin, given the mafic lavas interbedded within it and
the boundary faults that were active during its growth.
The Srisailam and Kurnool subbasins may be
categorized as cratonic sag basins (sensu: Table 2.3:
Allen et al., 2015). Pending more data, it is difficult to
categorize the nature of the Nallamalai sedimentation
in this framework. Unquestionably it is an allochtho-
nous crustal block that has been thrust over the
western subbasins. How it relates to the collisional
domain in the NSB-Ongole sectors remains an open
question.

The model of the evolution of this collage of
crustal blocks located on the eastern margin of the
EDC, abutting against each other with tectonic
contacts enumerated above, may be taken as one of
the possible emerging hypotheses. We however
recognise that much more work and details are
required to develop robust model of the Proterozoic
tectonic evolution of the CB and its adjoining crustal
blocks.

Concluding Remarks

We have attempted here to compile the available
knowledge on the Cuddapah basin and adjoining
crustal blocks and put it in a framework of a working
hypothesis. While doing so, the more recent
publications have been cited and focussed on. We
acknowledge that there has been a lot of work by
others that may not be cited here but is covered in the
cited works.

Several areas of study require immediate
attention for a more robust database on the CB and
its surrounding region that hosts events of Proterozoic
rifting, passive margin evolution, collisional tectonics,
and supracrustal deformation. It cannot be
overemphasized that more controlled geochronology,
paleomagnetic data with greater distribution and
resolution is required. Along with that, we recommend
the following for further critical study.

Sedimentological Aspects

Available data and the studies spanning more than a
century have established the broad contours of the
sedimentary architecture, facies, and primary
structuresin the CB. This needs to be supplemented
by characterization of the provenance, sea-water
chemistry and depositional environments using
sophisticated modern tools of isotopic and chemical
analyses. While such information is available along
select traverses and around mineral deposits of
economic importance, a basin-wide database is
desirable. Similar petrogenetic studies to qualify the
original sedimentology of the metamorphosed
sequences in the NSB and NFB have started but
details are awaited. They will also ensure that more
robust correlations of strata across the region can be
made. Once this is available, detailed sequence
stratigraphic analysis will enable deciphering of the
relative sea-level curves across different segments
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of the basin, with far better precision than the modeled
curves (Fig. 6). Given the spectrum of depositional
environments and varied tectonic settings in this
region, such studies could contribute significantly to
the global Proterozoic database.

Structural Analyses

The work of GSI and academia in different parts of
the CB enumerated above has helped decipher the
structural patterns in a more detailed manner than
before. However, additional focus is needed for a
structural map across the NFB and its bounding
thrusts. This could resolve some of the ambiguous
correlations of strata (e.g., Gandikota & Nagri
Quartzites, superposition of strata within the
Nallamalai Group and its relation with the Srisailam
Formation) that still exist. Similar structural studies in
the NSB are already demonstrating their efficacy in
resolving mutual relationships between rocks with
diverse metamorphic grades and enabling a better
modeling of the structural framework. This needs to
be taken to the next level in the days to come.

Igneous Petrogenesis

This is an area that has lesser ambiguities. However,
models of the mafic igneous rocks in this region
vacillate between rift-generated or plume generated
models. Perhaps both operated at different times.
Better geochronological controls are desirable for the
same, besides the petrochemical characterization.

Geophysical Data

Exhaustive aeromagnetic, gravity, and seismic data
are available across this region, with the organisations
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