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Abstract

The intracratonic Cuddapah Basin is the second lamgst Purana basins in Peninsular
India and its northern part has shown immense potetial of uranium mineralisation,
especially unconformity-related, with deposits estaidhed in the marginal parts of Srisailam
and Palnad Sub-basins, Nalgonda and Guntur distrig, Andhra Pradesh. These sub-basins
expose thick sedimentary columns comprising arenaoes, argillaceous and calcareous
sediments of Meso- to Neoproterozoic age and are plesited predominantly over
Neoarchaean to Palaeoproterozoic basement granit@dand greenstone belt of Archaean
age. Signatures of substantial basement and postgiesitional reactivations are quite apparent
in the area represented by multiple faults, fracturs and mafic and felsic intrusives. Such
geological domains provide spatial and temporal fausrability for uranium metallogeny,
especially when basement granitoids are fertile. Tdr uranium mineralisation is mainly
localised along fracture zones proximal to basementover sediment unconformity and
occur as elongated pods, fine veins and cavity and gnaboundary fillings. Mineralised
zones are invariably associated with significant &tration features like illitisation,
chloritisation and kaolinization. Primary uranium ore minerals viz. pitchblende, uraninite
and coffinite are found generally associated with dphides and organic matter. However,
there is marginal difference in mineralisation patern in these sub-basins as uranium is
mainly hosted by granitoids just below the unconfornty in Srisailam Sub-basin while it is
dominantly associated with cover sediments in Palna8ub-basin. Recent integrated surface
and sub-surface studies have also indicated uraniumotential in deeper parts of these sub-
basins.

Keywords: Uranium, Unconformity-related mineralisation, Srisailam and Palnad sub-basins,
Nalgonda and Guntur districts, Andhra Pradesh

INTRODUCTION spatially occur immediately below, along and
Unconformity-type uranium depositebove an unconformable contact between
continue to be one of the major uraniumtensively altered crystalline basement (mainly
resources since the early 1970s (Sibbald et mletasediments+ graphite) and thick pile of
1976; Hoeve and Sibbald, 1978; Hoeve et averlying clastic sediments (IAEA, 2009).
1980; IAEA, 2009) and account for nearly on€anada and Australia are the storehouse of
third of total world resources (OECD/NEAynconformity-related uranium deposits and
2009; WNA, 2010). These deposits areclude some of the largest and richest uranium
temporally related to mainly Palaeo- tdeposits viz., Athabasca Basin in Canada (Cigar
Mesoproterozoic unconformity and ore zoneake, Key Lake and McArthur River) and Pine
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Creek Geosyncline in Australia (Jabiluk&aleoproterozoic age. These are dissected by
Ranger, Nabarlek, Koongarra) (Needham et al.number of ENE-WSW, NE-SW, NW-SE and
1988; Sibbald, 1988; Ruzicka, 1996; Thomasfew N-S trending lineaments represented by
et al., 2000; Gandhi, 2007; Jefferson et allglerite dykes, fractures and faults. The western
2007). half of the Cuddapah Basin is undeformed and
In Peninsular India, Mesoproterozoieediments have normal depositional contact

Cuddapah Basin exposes highly favourapgyith the crystalline basement, while those in
lithostructural setup for unconformity-relatetl® €astern half are tightly folded (Nallamalai
uranium mineralisation, especially in th®ld belt; NFB) and drape around either
northern part (Fig. 1). This is evident frofdasement inliers like Iswarakuppam dome or
medium grade and small to medium tonnalérusive granites viz., Vellataru and Ippuru
uranium deposits established at Lambap@fanites. The contact between NFB and
Peddagattu and Chitrial in Srisailam Sub-basifdeformed western sub-basins are demarcated
and Koppunuru in Palnad Sub-basin (Fig. 2y @ prominent lineament (nearly N-S trending
(Shrivastava et al., 1992; Dwivedy, 1995; Sinf@ult) called the ‘Rudravaram Line’. The
et al., 1995, 1996; Jeyagopal et al., 1996, 20&@stern margin has thrusted contact, where
Banerjee, 2005; Nageswara Rao et al., 2065(;:haean gneisses and Dharwar metasediments
Verma et al., 2008, 2009, 2011; Umamahes\#¢ thrusted over Nallamalai sediments and
et al., 2009; Gupta et al., 2010, 2012f}1_rther in the north Nallamalais are thrusted
However, these uranium deposits marginafyer Narji Formation of Kurnool Group. The
differ from the classical unconformity-typé&uddapah sediments are predominantly
deposits of Canada and Australia as tfigenaceous to argillaceous with subordinate
basement rock here is mainly represented fjjcareous units and are well developed in
Neoarchaean granite gneisses aRapaghni, Nallamalai and Srisailam sub-basins
Paleoproterozoic granitoids as compared (f|d9- 1). These are overlain by Neoproterozoic
graphitic metapelites elsewhere. The pres&itnool sediments dominated by carbonate
paper deals with uranium metallogeny ficies with subordinate arenaceous and
Srisailam and Palnad sub-basins with specé@illaceous facies and are well developed in
emphasis on the characterisation garnool and Palnad sub-basins. Regional

unconformity-related uranium depositéthostratigraphic succession of Cuddapah
contained in them. Basin is given in Table 1.

GEOLOGICAL SETTING Srisailam and Palnad sub-basins,

Regionally, the crescent shapdgnportant geological domains for unconformity
intracratonic Cuddapah Basin (second |arge§elated uranium mineralisation, are located in
Purana basins) occupies an area of ~44,500h# northern part of the Cuddapah Basin
km and exposes 6 to 12 km thick Meso- e®vering parts of Nalgonda and Guntur
Neoproterozoic volcano-sedimentary sequeriigtricts, Andhra Pradesh. In the NE part of the
belonging to Cuddapah Supergroup afdiddapah Basin, a 25 km long NW-SE
Kurnool Group (Nagaraja Rao et al., 198frending older schist belt around Peddavoora
Saha and Tripathy, 2012) (Fig. 1). The basemtms basement high and marks the boundary
predominantly consists of Archaean gneisdween Srisailam and Palnad sub-basins (Fig.
with slivers of older metamorphic rocks and). Brief lithostructural details of these sub-
younger granite intrusives of NeoarchaeanhR@asins are given below.
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Fig. 1. Geological map of Cuddapah Basin showing uraniumrenues
SRISAILAM SUB-BASIN thickness of 419m towards eastern and central

This sub-basin occupies nearly 3000 pgrts of the sub-basin (Banerjee et al., 2012).
km area in the northwestern part of tH@n the northwestern margin, it rests non-
Cuddapah Basin and exposes Srisail@#@nformably over Archaean gneisses (2638+94
Formation, the youngest member of Cuddapgd@ to 2659+120 Ma; Vimal et al., 2012) and
Supergroup. The Srisailam Formation is mainipunger granites (Mahboobnagar granite:
arenaceous with minor argillaceous band?68+32 Ma to 2482+70 Ma; Pandey et al.,
intercalations and shows sub-horizontal dip§88). They unconformably overlie
towards southeast. It attains a maximuN@llamalai Group of rocks on the southern and
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Table 1. Regional lithostratigraphic succession of CuddapadirBand Kurnool Sub-basin (After Nagaraja

Rao et al., 1987)

Supergroup/Group/Subgroup Formation Thickness (m)
Nandyal Shale 50-100
K .
undair Koilkuntla Limestone 15-50
Subgroup
Paniam Quartzite 10-35
Kurnool e Paraconformity -~~~
Group Auk (Owk) Shale 10-15
Jammaiamadgy Narji Limestone 100-200
Subgroup
Banganapalle Quartzite 10-50
~~~~~~~~~~ Unconformity ~~~~~~~~~~
Srisailam Quartzite 300
~~~~~~~~~~ Unconformity ~~~~~~~~~~
) Cumbum Formation 2000
Nallamalai Group ' '
Bairenkonda Quartzite 1500-4000
Cuddapah | ~ ~~~~ Angular Unconformity —~~rrrrrm~n
Gandikota Quartzite 300
Supergroup
Chitravati Group  Tadpatri Formation 4600
Pulivendla Quartzite 1-75
e~ Disconformity  ~~~~~r~mm~~
) Vempalle Limestone 1900
Papaghni Group )
Gulcheru Quartzite 28-210
~~~~~~~~~~ Nonconformity ~~~~~~~r~~~
Intrusive grey, medium grained, chloritised biotite granite
Archaean and Dharwars .
Gneisses/greenstones

eastern margins of the sub-basin.
northwestern fringes of Srisailam Sub-basiapresented by grey, coarse grained biotite
exhibit highly dissected topography as appargnanites, which are at places highly epidotised
from numerous isolated flat topped hills risirend pyritized. These are profusely traversed by
between 100m to 150m above the ground ledelerite dykes exhibiting NNW-SSE, NW-SE,

and forming outliers in granitic country viz.E-W and NNE-SSW trends, and quartz and
Lambapur, Peddagattu, Chitrial, Amrabad apdgmatitic veins.

Akkavaram (Fig. 2).

The The basement
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These granitoids are
essentially composed of quartz, orthoclase,



Srisailam and Palnad Sub-Basins : Potential GeologitBomains for Uranium Mineralisation

o Gh G e w;lw Jaggayyapeta

\\3 Lampapur

Peqdagattgti) =

ChitFiaam L

o a% J
~€r‘

BE

/f / +
Kughanapalle
1
et a * 15
+ _Ipuru+
— Py Agnigundla
> T
‘ / ellaturd-
Y ; * -
OO ‘o Srisalam . ZNAL | AMALAI SUB-BASINAT Vinukonda
o s : 2 7 ¥ + g i
- . Idakonda "N Pl S o/ / Fi o o
i
784 45' 79‘|W' 79°|15' 79‘IJT 79"45' 80°|00
LEGEND
Srisailam Quartzite
Nandyal shale Younger Granite Cuddapah Fault
Kurnool
[E Narji Limestone Group Dolomite / Limestone| cumbum [ SUPEr9rOUP [ ] Thrust
Banganapalle Quartzite Shale / Phyllite Formation EE Uranium Deposit/ Occurrence]
Bairenkonda Quartzite E] Pb-Zn-Cu Deposit
Basement Granite

Fig. 2. Geological map of northern part of Cuddapah Basin sih@wisposition of Srisailam and Palnad
sub-basins and location of Lambapur, Peddagatturi@land Koppunuru deposits

microcline, plagioclase and biotite, witMarious sedimentary structures viz., bedding,
accessory zircon, apatite and allanite (Verro@ss bedding, laminations and ripple marks
et al., 2009). In addition, presence of somee recorded in Srisailam sediments. They are
other ore minerals such as pyrite, anataatso affected by prominent N-S, NNE-SSW
limonite and goethite are also recorded. = and NW-SE trending fractures/faults.

Srisailam Formation mainly comprises PALNAD SUB-BASIN
intercalated sequence of quartzite, siltstone and The Palnad Sub-basin (~3400 sq. km)
grey shale (Nagaraja Rao et al., 1987) affhprises sequence of arenaceous, argillaceous
represented by basal pebbly conglomeraigy carhonate sediments belonging to Kurnool
horizon followed sequentially upward by 9ré&8yoyp and indicate variation in sedimentation
gritty quartzite, intercalated sequence of dgfkitern and depositional environment. These
grey well laminated shale-quartzite and sulsgiments unconformably overlie the older
feldspathic to feldspathic quartzite igyggapah sediments in the eastern part whereas
Lambapur, Peddagattu and Chitrial outlieggyer granitoids form basement in the north and
(Verma et al., 2009). Quartzites are oftgf.qt (Fig. 2). The Kurnool sediments are
ferruginous and at places glauconitic in natuggvided into six formations viz., Banganapalle
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Narji, Auk (Owk), Paniam, Koilkuntla andstructures (penecontemporaneous deformation)
Nandyal formations (Table 1). Th@ke load structure, convolute bedding/
Banganapalle Formation is the oldefdminations, and slump structures such as
Sedimentary lithounits of the Palnad SUb-baﬁ‘ncro_S”ps’ gravity faults and folds are
and represented by 10-173m thick quagfominent in quartzite-grey shale and shale-
arenite and intercalated grey shale sequeBfigstone intercalated sequences indicate
with basal conglomerate (Banerjee et al., 201garturbation and submergence of the basin
This is overlain by thick sequence of massi¥gntemporaneous to deposition. Glauconite
limestone with silicic stylolytes and flaggith traces of carbonaceous matter in different
calcareous shale belonging to Narji Formatigthofacies indicates marginal marine, mildly
(Table 1). The Auk Formation consists @fikaline and reducing depositional condition.

ferruginous ocherous calc-shale while a few URANIUM METALLOGENY
outliers of younger Paniam quartzite occur at

ridge tops. The overall thickness of the Kurnool = Extensive integrated exploration
sediments around Koppunuru area varies fractivities by Atomic Minerals Directorate for
10m to 205m and dips are gentle 3-5nostly Exploration and Research (AMD) have resulted
following the basement topography (Gupta iet delineation of Srisailam and Palnad sub-
al., 2010). basins as potential geological domains for

The granitoids exhibit basement highs Hpconf'ormity.-relat(.ed, 'fracturet C_O””‘_’”ed type
the eastern and western part of Koppunuru a%grgnlurr;mlnerallsatlont.)l'Trr]usdls evll_dentbfrom
whereas in the southern sector these g'[gnlum eposits .es.ta' IS ? 'at am apqr,
exposed along the up-thrown block of wnweddagattu and Chitrial in Srisailam Sub-basin
ESE trending Kandlagunta fault. This fault %nd Koppunuru in Palnad Sub-basin. Uranium

further offset by younger N-S trending faultg?'ner?“sat_'on s mainly prOX|bmaI to
Similarly, basement granitoids exhibit faultegnconformity contact etween

contact in northern parts of Palnad Sub-bas'?rﬁlanpmterf)ZO'_c_ .granl'te and Meso- to
where several radioactive anomalies alygoproterozmc siliciclastic cover rocks. In
delineated (Fig. 3). The basement granitoih@mbapur’ Peddagattu and Chitrial deposits, ore

show highly fractured nature, and is traversgadies are confined to highly altered, sheared

by dolerite dykes and quartz veins at seve?erﬂd fract'ured gramte; Ju,St below the
places unconformity contact, while grit/conglomerate

and upper quartzite horizons just above the
The Banganapalle Formation is main pgy,conformity host ore bodies in Koppunuru
horizon for uranium in Palnad Sub-basitea. Details of uranium metallogeny including
(Koppunuru area), where it unconformablyost rock characterisation of these sub-basins
rests over the granitic basement. EXpos§@ discussed below.
surface sections predominantly show
monotonous sequence of BanganapalIé\vl”\IER'A‘LISATlO'\I IN SRISAILAM
guartzite, probably due to their gentle dips. SUB-BASIN
However, sub-surface exploration has revealed Surface radiometric surveys by AMD
thickness and sedimentary facies variationdanring last two decades have delineated
Banganapalle sequence, and it is classified isignificant uranium mineralisation at several
five major lithofacies (Gupta et al., 2010putliers in marginal parts of Srisailam Sub-basin
Presence of soft-sedimentary deformationat. Lambapur, Peddagattu, Chitrial, Amrabad
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Fig. 3.Geological map of northern part of Palnad Sub-basiwsty distribution of radioactive occurrences
close to the basement—cover sediment contact zone

and Mannanur (Fig. 2). Uraniferousediments. More than 90% of the main ore body
occurrences are mainly associated with tbecurs in granite at varying depths from the
basement granites in Lambapur (upto 0.4%face i.e., 1 to 55m at Lambapur (Fig. 4), 42
U,O, with 0.01% ThQ; n=4; Shrivastava et al.fo 62m at Peddagattu (Fig. 5a, b) and 3 to 82m
1992) and Chitrial (upto 0.317 %0, with at Chitrial (Fig. 6a, b). The ore bodies show
<0.005% ThQ, n=65; Ramesh Babu et algentle dips (3-§ towards southeast, which is
2010) areas, where mafic dykes in basemantconformity with the basement slopes.
granitoids have also indicated anomalo@itough the ore body appears to be a blanket
radioactivity (upto 0.45% O, with <0.005% along the unconformity, the richer grade pods
ThO,; n=3). Besides, uranium mineralisaticare confined to definite trends viz., NNE-SSW
(upto 0.065% LO, with 0.056% ThQ n=4) is and NW-SE (Lambapur), WNW-ESE and N-S
also recorded at places in pebbly sandstdq@ditrial). It has been observed that these
close to the unconformity in these outliers. fractures and their intersections are locales of
addition, Srisailam quartzites in Lambapur areagher grade mineralisation. The intensity of
have assayed upto 0.50%Q/J with negligible fractures within the granite and their
Th (n=3). intersections with the unconformity, thus

Based on the geological favourabilit?pparently controls the grade of mineralization.

and surface uranium anomalies, extensive sHimst Rock Characterization: Granite-
surface exploration was taken up in Lambapgneisses, granodiorite, granite, minor amount
Peddagattu sector and subsequently in Chito&ldiorites and linear Peddavoora schist belt
area, which has resulted in establishing neadym the basement rocks. Peddavoora schist
20000 tonnes of low to medium grade uraniumlt comprises mafic rocks, schists and BIF.
deposits in Srisailam Sub-basin. The8asement rocks are deformed and intruded by
exploration activities have confirmea@ swarm of dolerite dykes of two to three
unconformity proximal nature of uraniungenerations and quartz reef/veins. Uranium
mineralization and its association with both tineineralization is hosted essentially by coarse
basement granite and the overlying Srisailgmained grey granite. Other mineralized
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lithounits are quartz arenite/sandstone afid Development of secondary biotite is also
dolerite. observed at places. Fractures are filled with
(a) Basement Granitoids: These are mediuntlay material, secondary spherulitic biotite and
to coarse grained and show hypidiomorpHigdrous iron oxide. Wall rock altered zones in
granular texture. These granitoids are generdlfiyneralised sectors exhibit association of
fractured (Fig. 7a) and exhibit varying degra@riable concentrations of uranium with
of deformation ranging from the grailhrregular masses of illite, sericitized-clay,
boundary restriction to entire rock ramificatiosericitized-feldspar, chlorite and anataken
They comprise quartz, microclinealteration in the form of hematitisation and
microperthite, orthoclase-microperthite arfesence of carbonaceous matter are also
plagioclase as essential minerals while biotig)served at places in mineralized granites (Fig.
chlorite, sphene, zircon, apatite and fluoritg). Occasionally, fractures in radioactive
occur as minor/accessory minerals. Opaq@gégnites are seen filled with carbonaceous
are rare and represented by mainly pyrite andtter (Fig. 7f)

hydrous iron oxide. At places, microcline- Radioactive granite core samples have
microperthite  shows  post-crystalling,gicated presence of pitchblende/uraninite and

deformation with fractures hosting clusters @ftfinite as primary uranium ore minerals (Fig.
chlorite, sphene and epidote and also uranin;i@_j) while secondary ore minerals are

with secondary development of uranophangejresented by autunite and U-Ti complexes

Moderate to intense alteration in the forffrig. 7k—h). This is further confirmed by EPMA
of chloritization of biotite and sericitization angtudies, which also signifies their epigenetic
illitisation of plagioclase is common (Fig. 7bRature based on association and paragenetic
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Fig. 4. A borehole correlation section showing dispositionmf body in Lambapur deposit
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Fig. 5a. Geological map and ore body configuration of Yellafleddagattu area
b. A borehole correlation section showing dispositionmium ore body

sequence. Various phases of uranium &rgount of uranium is .containeq in resis.tate
minerals i.e., botryoidal and massiv@mer_als such gs allanlf[e and zircon. Yarlous
pitchblende in fractures (Fig. 79); coalescSHHOh'de ore minerals viz., galena', pyrite a.nd
minute pitchblende/uraninite with a rim O(fhalcopyrlte ar(_e seep assou_ated with
chlorite in sericitized feldspar (Fig. 7i); ana't,Cth?nde as mlqute dlssemlnathns and as
coffinite (Fig. 7h) in intimate association witl’1hln stingers healing the syneresis cracks.

pitchblende as alteration rim or aggregate _(agcasmnally, they occur as minute inclusions

minute pellets, are quite apparent. Shrinkagfchlorlte and fine disseminations in sericitised

cracks are common in pitchblende veins, whi dspar.

are healed with disseminated galena and Geochemically, granitoids (n=35) around
occasional pyrite grains. In addition, U-TiSrisailam Sub-basin are characterised by
complexes occurring as granular masses6$10-78.00% SiQ) 0.02-0.52% TiQ 12.47—
cavities and fracture planes closely associafeéd66% ALO,, 0.58-4.99% F©, . 0.01-
with hydrous iron oxides (Fig. 7k). Secondafy59% MgO, 0.05-3.67% CaO, 0.24-3.19%
uranium ore minerals generally occur alomMp,O and 4.71-9.60wt% JO (Verma et al.,
fractures ramifying the rock and in the caviti@®08; Ramesh Babu et al., 2010). They exhibit
of feldspar and quartz (Fig. 71). Beside#&l,O, and KO enriched nature, while N@
adsorbed uranium on hydrous iron oxide andd CaO show depletion as compared to
clay is also observed. Apart from these, mindverage Proterozoic Granite (APG; Condie,
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Fig. 6a.Geological map and ore body configuration of Chitaiga
b. A borehole correlation section showing dispositionrmaium ore body

1993). This is probably due to the widespre@fichment of Pb (Av. 234 ppm) in these
sericitization of feldspars. MgO also showgganitoids can be directly attributed to higher
marginal enrichment, which is corroborated kgdioelemental contents.

the chloritization of biotite. These granitoids EPMA studies of radioactive core

are peraluminous with mean A/CNK value gfamples of granitoids of Chitrial area have
1.36 (0.91-1.83) and exhibit large variation jdentified uranium mineral phases as
K,O/NaO ratio (1.82-31.37; Av. 4.92). Rb, Thitchblende, coffinite, autunite, and complexes
and Cr show marked enrichment as compaggfU-Si, U-Si-Ti and U-Si-Al. UQcontent in

to APG whereas Ba, Sr and Y show depletigiitchblende and coffinite range from 71.37 to

This signifies highly differentiated nature a8.14% and 59.97 to 73.91% (Rajaraman et
studied granitoids. Besides, anomaloug, 2011).
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Fig. 7. (a)Radioactive granite showing fractured nat(ig Granite with chlorite veins
(c) Clinochlore disseminations in granite core sam(pllllitisation in granite core sample
(e)Hematitisation of granite core sampfeCarbonaceous matter along fractures in granite
(g-1) Photomicrograph showing various association of pitaidee coffinite, U —Ti complex and
secondary uranium with pyrite, carbonaceous matter,datdmd biotite as fracture fillings/inclusions

31



P.V. Ramesh Babu and others

(b) Srisailam sediments: Srisailam coverintercalated dark grey shale samples have
sediments are mainly represented by quaifialysed upto 0.82% C, which is higher than
arenites (quartzite), feldspathic sandstone 4R§ average carbon content (0.20%) of
arkose. These siliciclastic sediments are offéfgcambrian shales.

intercalated with dark grey/black/green shale  EpMA studies of sandstone core samples
and siltstone. Sandstones show loose packipge identified monazite, xenotime and zircon
and consist of detrital clasts of quartz, alk@ls radioactive minerals. Monazites are mostly
feldspar and plagioclase alongwith lithigne grained and occur in the matrix portion.

fragments, glauconite, biotite and chlorite. Thfhey analysed low thorium (up to 2.29%THO

alkali feldspars are as high as 40% in somea@y high rare earth oxides (>60%). Xenotime
the samples. Tourmaline, zircon, monazitgsntains more Y, P and REEs and less of U and
anatase, allanite, sphene, rutile, pyrite anfl. zircon are fine to medium grained, altered
goethite have been identified as heavy mineralfy exhibit metamict nature due to high U (upto
in it. Matrix constitutes very fine silt size@lg5%), Th (upto 3.8%) and REE (upto 3.61)
quartz, feldspars, biotite and rare chlorite (bqiBntents. Hafnium concentration also shows

detrital and authigenic). Hydrous iron oxidgide variation (0.42% to 2.17 % HiD

occasionally smears the matrix components

imparting light brown coloration to theGeometry of Ore bodies: Various uranium

sandstone. Uranium mineralisation in Covg?posits of Srisailam Sub-basin have indicated

sediments mainly occurs as fracture fillings anga tak?“'ar apd gently dipping (30'50 due SE)
indicated by the presence of discrete Qe bodies mainly hosted by granites and occur

minerals pitchblende and uranophane. Besidé%t,o a depth of 5m below the unconformity

U-Ti complex, adsorbed uranium on hydro&gig' 4-6). The ore bodies generally form

iron oxide and zircon also contribute towar(!fgear POdS V\_”th very sharp contacts to that of
radioactivity non-mineralised zones. In Lambapur area,

richer ore shoots/pods are mainly confined to
Geochemically, cover sediments (n=NNE-SSW trend which is sympathetic to the
exhibit wide variation in SiQ@and ALO, trend of mafic dykes and basement ridge.
contents i.e., 64.98-94.15% and 0.91-18.628@sides, some high grade ore pods are
respectively, which is directly proportional tdelineated along NW-SE trends. Similarly, rich
the variation in major framework componentgade linear ore pods in Peddagattu deposit are
viz., quartz and feldspar suggesting unstakleread over an area of 7 km x 1 km and are
depositional domain (Ramesh Babu et atonfined along N-S and NW-SE trending
2010). Very low CaO (0.04-1.16%; Av. 0.28%)actures. As far as Chitrial deposit is
and NgO (<0.01 to 3.40%; Av. 0.56%) contenfsoncerned, mineralised ore body is delineated
indicate derivation of these sediments frogver strike length of 1.10 km x 0.775 km and
chemically weathered terrain. Similarly, wide.80 km x 0.80 km in western and eastern
variation in KO content (0.09-7.40%; Avsector of main block, respectively. Besides, two
1.93%) signifies the role of basinal tectonics iore tabular ore bodies are established with a
intermittent contribution of fresh feldspar ricbeparation of nearly 500m in Chitrial block 2.
sediments responsible for such fluctuationg. addition, some non-correlatable isolated ore
Si0,~K,0+Na,0 plot (not shown) indicateshodies (granite hosted) are recorded much
derivation of these sediments in passipelow the unconformity in deeper sections.
continental margin set up. Some of th@ajor mineralisation trends of linear ore pods
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are indicated by N-S, NNW-SSE and WNwWz., (i) 1300-1400 Ma primary mineralisation
ESE in Chitrial area. event and (ii) 450-550 Ma later rejuvenation

) ) ) event. This age relationships can be extended
Ore mineralogy: Various ore minerals

~to other deposits of Srisailam Sub-basin, which

id(.ent.ified in diffe'rent urani.um deposits 'Bre located in the vicinity of Lambapur with
Srisailam sub-basin is described below. similar geological setup.

Lambapur uranium deposit: The majoMINERALISATION IN PALNAD SUB-
ore minerals identified are uraninite, BASIN

pitchblende, uranophane, adsorbed uranium on

goethite, iron oxide and feldspar. In addition, ~Surface uranium occurrences in

several fractures in mineralised granites dk@ppunuru and adjoining areas are mostly
filled with drusy quartz associated with kasoliggsociated with Banganapalle Formation (130-

and galena. Other ore minerals include pyrie®00 ppm YO, Jeyagopal et al., 1996, 2011)
chalcopyrite and marcasite. proximal to the unconformity with the basement

whereas sporadic radioactive occurrences in

Peddagattu uranium deposit: Uraninit ranites and basic dykes are observed at several

pitchblende, uranophane and kasolite are €ces along the northern margin of Palnad

main uranium bearing ore minerals record%%b-basin (Fig. 3). Pitchblende is the main

in this deposit. In addition, some sulphide Offfanium mineral, which occurs as colloform

minerals _SUCh .a's chalcopyrite, pyrite and galea{b%regates and puckered veins in quartzites and
are also identified. gritty sandstones. At places, higher
Chitrial uranium deposit: Pitchblende ancbncentrations of radioelements are found to
coffinite are identified as primary uranium ofee associated with carbonaceous matter
minerals in this deposit, while autunite, U-Tccurring along intergranular spaces. Besides,
complex, uranophane, phosphuranylite alodv order radioactivity in the quartzites is also
masuyite occur as secondary uranium mineratributed by the resistate minerals such as
Age of mineralisation: Radiogenic Pb Ofmonazite and zircon. Yellow-brown surface

uraninite of Lambapur deposit have been dafi@flings of secondary uranium minerals on
as 480-500 Ma while the Sm—Nd data }%eathered surfaces of quartzites are common.

uraninite yield an isochron age of 1327+170  Sub-surface exploration in Koppunuru
Ma with an initial §, value of —12 indicatingarea has confirmed that uranium mineralization
a LREE enriched source for the Sm and Ndisnmainly confined to cover sediments, and
the uraninite. These data also suggest #stablished a medium grade deposit of about
possibility of granitic rocks of basement beir2500 tonnes. Ore body occurs in the form of
the ultimate source of the Sm and Nd in tBab-horizontal lodes predominantly hosted by
uraninite. The Sm-Nd age of 1327Mthe basal grit/conglomerate unit of
represents the time of primary crystallizatiddanganapalle Formation (Fig. 8a). In some of
of the minerals and the ¢.500 Ma of radiogertlee horizons, this grit hosted mineralisation
Pb indicate the age of the recrystallisation @dntinues in basement granitoids below the
the uraninite, which resulted in the completeconformity (Fig. 8b). In addition, part of the
loss of radiogenic Pb isotopes from it. Thugranium mineralisation is also hosted by
two main events of uranium mineralisation aBhnganapalle quartzites located 5-40 m above
remobilisation in Lambapur can be decipherétte unconformity contact (Fig. 8a, b). At places,
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these mineralized lodes show splitting into twfs> compared to this, the granitoids (n=8)
branches and spread over a wide plan a@¥posed around Palnad Sub-basin show
Some isolated non-correlatable mineralizé@gtricted abundance for Sji@61.81-69.31%)

zones at depth within the basement granitoffdd AlLO, (14.31-17.24%) whereas wide
are also observed. variation were observed in MgO (0.54-3.14%)),

o , FeO (1.73-12.94%), CaO (0.34-8.20%), TiO
Hgst R.ock. Chqracterlzatlon. Urgmum (0.17-1.07%) and @, (0.08-0.36%) (Vimal

mlnerallzatll(lan S Q_OSted essc.er;]ually' bé(t al., 2012). Total alkali content varies from
Banganapalle ~ sediments — wit MINQ 35 15 9.22% with an overall predominance

contrlbut.|on from basement gran|t0|ds' ¥t sodium over potassium. These granitoids are
already discussed above. Basement granltorlrgédium_ to high—K, calc-alkaline rocks

show signatures of substantial reactivation %@onging to granite—granodiorite-tonalite suit

are profusely traversed by mafic and fels\}\'f’lth predominant metaluminous nature and

intrusives of multiple generations. Some of tﬂ?dicated their formation during the collisional

m.af!c dykes are found to b_e mlnerallsegnd extensional tectonic stages of the evolution
Similarly, Banganapalle sediments are algﬂd cratonization (Vimal et al., 2012).

impacted by post-depositional deformations,
which might have facilitated mobilisation an
enrichment of uranium at suitable locales.

Banganapalle cover sedimentsThe cover
rocks comprise intercalated sequence of
o ..., quartzite (+shale) which is conformably
a) Basement granitoids:Basement gran'to'dsoverlain by limestones and shale (Narji
are essentially composed of OrthOCIaSl‘f:‘ormation). The basal conglomerate/grit unit

microcline, perthite, quariz and plagloclasgf Banganapalle Formation is represented by

while gnatase, 'pyr|te, chalcopyrite, _gale_nﬁlolymictic, poorly sorted, immature, grit to
marcasite, goethite and leucoxene are identif ecl)ble size clasts (~60% of the rock volume)
a; ore 'mlnerals.. Varlable 'degree . With minor grey to greenish grey shale
mineralogical alterations in granites resu'“'Tﬂtercalations(Fig 9 a—c). This unit has non-

in an gssemblagg cgm'po'se('j'pf ,Sericné%nformable contact with granites (Fig. 9e).
muscovite and chlorite signifying illitisation anc;}hey comprise pebbles of granite, shale

Chioritization in the area. guartzite, vein quartz, quartz arenite and basic

Geochemically, granitoids of Koppunuruock. The interstitial material consists of
area (n=24) are characterised by moderate, SiGbrounded quartz and feldspar clasts bound
(62.09-74.01%), high AD, (13.31-24.23%),by predominantly sericitic matrix with minor
moderate to high O (3.09-7.05%) and lowchlorite, while framboidal and anhedral pyrite
CaO (av. 0.54%) contents (Jeyagopal et accurs as disseminations, intergranular fracture
2011). These granites are peraluminous, sfibings and segregations. Geochemically, these
alkaline and low calcic and show moderatel§=24) are characterized by wide spread in
differentiated nature. They also contain hi@iO, (64.92-97.97%), AD, (0.39-17.7%) and
intrinsic uranium content (<5-39ppm; AeO (0.09-5.98%) and are moderately rich in
19ppm; n=30) and moderate thorium contejO (av. 2.8%), N (av. 1.03%) and poor in
(<5-43ppm; Av. 8.3ppm; n=30). Average WIgO, MnO, CaO and TiQcontents (Gupta et
Th ratio (3.80) in Koppunuru area is mucdl. 2012). The wide variations in major oxide
higher as compared to the general abundanompositions further support the presence of
(0.25) in granites suggesting their fertile natuplymictic clasts. Besides, these conglomerates/
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grits are enriched in U, Th, Rb, Pb and Y amlassociated with sericite. This facies is marked
depleted in Cr, Ba, Sr and Zr as comparedbp the significant presence of sulphides and
Proterozoic equivalents (Gupta et al., 2012morphous carbon. Pyrite is the major sulphide
lllitisation is common alteration feature imre mineral and exhibits either colloform/

conglomerate/grit as substantiated by tframboidal nature (Fig. 9g) or occurs as fine
presence of higher JO in ~79% of samples aslisseminations, thin stringers and veinlets.
compared to cratonic shales and quartz®eochemically, shales (n=14) have indicated
(Condie, 1993). moderate to high Si{(57.37-81.50%), AD,

Quartz arenites are light grey in colour, mediLﬁ%'Sz_zg'of%)’ FZQS',%_lO'gS%)’ %@
to fine grained, well sorted and saccharoidal(l(PT?S_?'27 %) and TiQ (0.24-0.99%),

nature and exhibit high chemical maturity. Thggoglerftfsygo 8007261053)4 aong7losw {?
comprise ~90% (by volume) framework clastg-01~1-13%) and Ca0 (0.04-0.27%) (Gupta

dominated by quartz (~97%: Fig. 9d). Thgé al., 2012). These shale samples are enriched

guartz is mainly monocrystalline in nature afd cr, ij Z1, Pb and U apd eXh'b,'t dgpletlon n
r, Ba, Ni and Th. Potassic alteration in the form

commonly exhibit secondary overgrowth + illitisati b di hy. i
Other minor minerals include feldspars, biotitg, itisation, as observed In petrography, is

chlorite, sericite and chert. Besides, glauconfi%tr;ertcorroborated db)t/ pres;enge OI] h||gh%e§30/
IS conspicuous in quartz arenite indicatirﬁ:&n ent as compared 1o cratonic shaies in 0

reducing depositional environments (Fig. 96?"“'0"-‘5-

Occasional thin laminations of shale andeometry of Ore body: Uranium
rounded aggregates of carbonaceous mattery@iigeralization in Koppunuru area is hosted in
also observed. Various alteration features syghee ore lodes i.e., lode ‘A, ‘B’ and ‘C’ in
as ferrugination, silicification, chloritisation @nynconformity proximal setup (Fig. 8a, b). The
kaolinisation ~ are  quite  cOMMONyranium ore zones are predominantly confined
Geochemically, quartz arenite/quartzite (N=3g) sediments (85%) just above the unconformity
indicates higher SipQcontent (92.18%), whichyhile granite played subordinate role. Lode
is commensurate with comparatively low is developed over a plan width of 600m in
average AJO, (2.25%) and FeD(2.81%) N-s and 300m in E-W direction (Fig. 8a) and
contents (Gupta et al., 2012). They also exhi§curs about ~20 m below the surface. This
low to very low content of other major oxidegde is hosted by quartzite and is intercepted at
while trace element distribution pattern hggpths ranging from 7.55 to 47.45 m. Lode ‘B’
indicated enrichment of U and Th and depletig@curs 7-10m below lode ‘A’ and is hosted by
of Sr, Ti, Ba and Zr as compared to averaggartzite over a plan width of 700m in N-S
upper crust composition (Karuppan et al., 20k d 200m in E-W direction (Fig. 8a). This lode
Gupta et al., 2012). is intercepted at depths ranging from 14.05 -

Shales are dark grey in colour, su§7-05 m. Lode ‘C’ is the main ore grade
horizontally laminated and show finghineralization along the unconformity contact,
intercalations of light grey siltstoneln grit’conglomerate or granite. This lode
Microscopically, they exhibit foliation definedonstitutes four ore lenses at different depths
by continuous, sub parallel sericite-rich bant&9-75-165.25m) along the unconformity
alternating with granular arenaceous bangé@ntact and spread over a plan width of 2.3
consisting of mainly quartz with minoKm in N-S and strike length of 400m in E-W
microcline and plagioclase. At places, chloriéérection. Major part of the ore lode is hosted
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Pitchblende: 29

Pyrite ﬁ _

INCRRENV | piichbinde rimmed
% Organic Matter  [EERREEE IV 1Y/ {1 -

Fig. 9. (a—d) Radioactive core samples indicating various assoaniafioranium mineralisation
(e) Photomicrograph showing non-conformity contact betwgramite and pebbly grit horizorff)
Photomicrograph of glauconite grain in quartz arerfggPhotomicrograph of colloform/framboidal
pyrite and amorphous carbon in shilej) Photomicrograph showing various uranium ore minerals a
their association with pyrite and organic matter

in grit/conglomerate which at placedeposit (Fig. 9h, i). In addition, uranophane,
transgresses below the unconformity phosphuranylite, metazeunerite and U-Ti
granites. complex occur as secondary uranium minerals.
Ore mineralogy: Uranium mineralisation inThe radioactive minerals are epigenetic in
Koppunuru area is mainly associated wiftgture and occur as fine veins, fracture/cavity
conglomerate and quartz arenite as discus38f grain boundary fillings. Other ore minerals
earlier. Pitchblende and coffinite are identifidfclude galena, pyrite, chalcopyrite, pyrrhotite,
as primary uranium ore minerals in Koppunufj@ercacite and traces of pentalandite. It is
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observed in Koppunuru area that organic matBasin in the eastern Dharwar craton of the
and pyrite are normally occurring in mineralizggeninsular India provides an ideal spatial and
horizons (Fig. 9j), which suggest that they migtgmporal setup for uranium mineralisation,
have played significant role as reducing agevitere Srisailam and Palnad sub-basins in the
in fixation of the uraniferous lodes (Jeyagopabrthern parts hold significant potential to host
et al., 2011). unconformity-related fracture controlled type
As far as uranium ore minerals iff deposit. However, uranium mineralisation

basement granitoids are concerned, it ilgthese sub-basins shows some dissimilarity
represented by pitchblende and coffinit@ that of classical unconformity-type uranium
occurring as stringers and veins. In additig#POsits, especially in respect of basement rocks
variable concentrations of uranium also occfhich lack metapelites/graphitic metapelites.
in adsorbed form and found to be associatEe uranium deposits at Lambapur, Peddagattu

with sericitic clay, chlorite, glauconite, biotit¢nd Chitrial in Srisailam Sub-basin and
and hydrated iron oxides. Koppunuru in Palnad Sub-basin are mainly

_ , , confined proximal to the unconformity plane
EPMA studies of mineralised IOhaS%Setween fertile, fractured granitoids and

have i'ndicated that pitchoblende and COfﬁniE‘ﬁiciclastic cover sediments. In addition to this,
contain 73.47 to 78.58% UQCand 63'45_ground radiometric surveys and limited sub-

71.53% UQ, respectively, while mixed IOhasesc'urface exploration based on integrated
analysed lesser content of uranium oxide (425}51

. proach have resulted in delineation of
— 47.90% UQ) (Verma et al., 2011). significant uranium anomalies/occurrences in

Age of mineralisation: Basement granitoids irother outliers viz., Akkavaram and Amrabad
Palnad Sub-basin have indicated comparaaia along basin margins in Srisailam Sub-basin
Rb-Sr (26591120 Ma) and Pb—Pb (2638+94d Musi river, Damaracherla—Chenneyapalem
Ma) isochron ages, while One radioactivad Malkacherla—Ragadappa sectors in Palnad
granite sample dated by Pb—Pb method t&h-basin. Uranium mineralisation in these
shown an age of 1545 + 140 Ma with model gub-basins is characterised by the following
=83+ 1.4 and MSWD = 55 (Vimal et alfeatures.

2012). This younger Pb-Pb age with high
MSWD value is presumably due to the local
redistribution of U and Pb in the sample and
found to be coeval to that of initial age of
uranium mineralization found in Lambapur
deposit. In addition, preliminary dating of
uraniferous quartzite samples of Koppunuru
area by Pb-Pb step leaching (PbSL) method has
indicated 576180 Ma, 891+160 Ma and
936+60 Ma as mineralisation ages. This
suggests multi-episodic nature of mineralisation

where uranium concentration/enrichment took c di ( ted
place in different phases. over sediments are represente

predominantly by marginal marine
DISCUSSION AND CONCLUSIONS arenaceous Srisailam and Banganapalle

Palaeo- toMesoproterozoic Cuddapah formations. These are separated from

Basement is represented by Neoarchaean
to Paleoproterozoic granitoids (2268+32
Ma to 2659+120 Ma; Pandey et al., 1988,
Vimal et al., 2012) and occasional linear
belts of older metasediments (Peddavoora
Schist belt). Basement is profusely
traversed by multiple generations of mafic
dykes, which might have been provided
thermal gradient facilitating uranium
mineralisation process in Srisailam and
Palnad sub-basins.

38



Srisailam and Palnad Sub-Basins : Potential GeologitBomains for Uranium Mineralisation

basement rocks by Meso- and
Neoproterozoic unconformity in Srisailam
and Palnad Sub-basins, respectively. The
cover sediments are also subjected to post-
depositional tectonic activity as evidenced
by the presence of faults and fractures.

Uranium mineralisation is concentrated
mainly in the marginal (peripheral) part of
these sub-basins, where thickness of cover
sediment is comparatively less (10 to
~200m). However, recent exploration
activity in deeper parts of Srisailam and
Palnad Sub-basins has yielded positive
results (Banerjee et al., 2012).

The basinal topography, fractures and
dykes mainly control the mineralisatiorf,
while repeated tectonic activity and
extensive alterations have played
significant role in remobilisation and
concentration of uranium. Ore body
generally occurs as elongated pods and
gentle dipping tabular body following the
unconformity/basement slope. In the
Chitrial area, it is observed that though
uranium concentration is intercepted along
the unconformity, the higher values
(~0.1%U,0,) are mainly confined to the
trends sympathetic to the fractures affecting
basement and/or sediments viz., R&G
S20E and N70W-S70E trends in Main
Block, Block-1 and Block-2, and N-S in
Block-4. Incidentally, the ground magnetic
surveys carried out in Chitrial Main Block
have indicated magnetic low (probably
due to alterations in basement rocks) along
N70°W-S7CE trend coinciding with
mineralization trend (Rajaraman et al.,
2011). Similarly, N-S to NNE-SSW and
WNW-ESE are identified as predominant
trends of mineralisation in Koppunuru
area. These features bring out the
importance of the role of structure as major
conduit for migration of ore bearing
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hydrothermal fluids and its fixation at
suitable locales, especially along the
intersection of fractures in these sub-
basins.

Ore bodies are hosted by either or both
basement granite and cover sediments.
However, majority of uranium bearing ore
bodies in Srisailam Sub-basin (>90%) is
confined to granites whereas cover
sediments (>85%) predominates in Palnad
Sub-basin. Besides, association of uranium
mineralisation with various alteration
features viz., illitisation, chloritization,
kaolinization and ferrugination in these
sub-basins is quite apparent.

Major primary ore minerals identified are
pitchblende/uraninite and coffinite.
Secondary uraniferous ore minerals
include uranophane, kasolite,
phosphuranylite, metazeunerite and U-Ti
complexes. These are invariably associated
with sulphide ore minerals viz., galena,
pyrite, chalcopyrite, pyrrhotite,
pentalandite and marcasite. The
mineralisation is found to be low
temperature hydrothermal in nature.
Besides, presence of organic matter in
mineralised zones is quite apparent,
especially in sediment hosted ore bodies.
Thus, it can be inferred that sulphides and
organic matter might have acted as
reductants and helped in fixation of
uranium in the system.

Preliminary studies on mineralisation age
has indicated 1300-1400 Ma as primary
mineralisation event and 450-550 Ma as
complete rejuvenation event in Srisailam

Sub-basin. Similarly, basement granitoids
in Palnad Sub-basin has indicated 1500 Ma
as primary mineralisation event (Vimal et

al., 2012) while preliminary studies of

guartzite samples has indicated multi-
episodic mineralisation ages spanning from
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576+180 Ma, to 936+60 Ma. Dwivedy, K.K. (1995). Economic aspects of
the Cuddapah Basin with special reference

~Various favourability factors as 5 yranium — an overview. Proc. Sem. On
discussed above, suggest that SOUthemCuddapah Basin, Geol. Soc. India, p. 116—
continuity of known uranium deposits in 133,

Srisailam Sub-basin holds immense potential
to host large tonnage and medium grade Sar%
deposits in unconformity-proximal setup,

especially in deeper parts where thickness of
cover sediments is >300m. Similarly,

ndhi, S.S. (2007). Significant Unconformity

Associated Uranium Deposits of the

Athabasca Basin, Saskatchewan and
i Alberta, and Selected Related Deposits of
_ entiré canada and the World. Geological Survey
northern margin and deeper parts of Palnad Canada, Open File 5005, Saskatchewan
Sub-basin provides excellent possibilities of |hqystry and Resources, Open File 2007-
locating sizeable uranium deposits. 11, CD-ROM.
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