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Uranium mineralization occurs adjacent to the unconformity between Paleoproterozoic granite and
Meso- to Neoproterozoic cover sediments in Chitrial prospect of Cuddapah Basin in Indian shield.
Hydrothermal activity in the granite is evident by the presence of hydrothermal veins and associated
wallrock alteration in the unconformity zone (0–5 m below unconformity), shallow zone (5–100 m), and
deep zone (100–120 m). Hydrothermal alteration of granite has produced chlorite in all depth, epidote in
the deep zone, muscovite commonly in the shallow zone and illite predominantly in the unconformity
zone. Pitchblende and coDnite are associated with sulphides and carbonaceous matter Blling micro
fractures and occurring along grain boundaries in the granite. Fluid inclusion study of quartz from
hydrothermal veins reveals the presence of primary aqueous inclusions (biphase, monophase, polyphase)
with a wide range of salinity from 0.2 to [23.2 wt.% (low–high). The Cuid composition indicates that
MgCl2 is present in all depth zones, CaCl2 in the deep zone and KCl–NaCl in the unconformity zone. Th of
aqueous biphase inclusions is in the range of 275.0–78.9°C. Available evidence suggests convective circulation of basinal brine between cover sediments and basement granite during which uranium was
mobilized from granite and precipitated in the unconformity zone.
Keywords. Hydrothermal activity; Cuid inclusions; uranium deposits; Cuddapah Basin.

1. Introduction
Unconformity-type uranium deposits are the
highest grade uranium deposits in the world, in
which mineralization is found below, at or above
unconformity between Archean or Paleoproterozoic basement and younger Proterozoic intracratonic basin (Dahlkamp 1993; Jefferson et al. 2007;
Cuney and Kyser 2009). The Cuddapah basin, the
second largest Proterozoic basin in the Indian
shield, hosts diverse types of uranium deposits.

Atomic Minerals Directorate for Exploration and
Research (AMD), Government of India, discovered
unconformity related U deposits in the Srisailam
and Palnad sub-basins located in the northwestern
part of the Cuddapah basin (Bgure 1). The mineralization pattern in these sub-basins varies; as
uranium is mainly hosted by granitoids just below
unconformity in Srisailam sub-basin, while it is
dominantly associated with cover sediments in the
Palnad sub-basin (Ramesh Babu et al. 2012). In the
Palnad sub-basin uranium mineralization occurs in
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Figure 1. Geological map of the northwestern part of Cuddapah Basin showing Chitrial outlier (Banerjee et al. 2012). Insets show
Cuddapah Basin.

the Banganapalle Formation of the Kurnool Group
at different depths between 5 and 40 m above the
unconformity and to a lesser extent in the basement granite. Core drilling carried out by AMD in
the interior of the Palnad sub-basin has revealed
that 117.15–173.25 m thick Palnad sediments
underlain by 113.85–181.05 m thick Srisailam
sediments cover the basement granite, with
unconformity depth varying from 231 to 354.30 m.
Even though the litho-structural setup is similar to
the classical unconformity type uranium mineralization model, the grade and thickness of the
mineralization in the Palnad sub-basin are low as
compared to that of classic unconformity type
deposits (Banerjee et al. 2012). The role of
hydrothermal activity in uranium mineralization in
this sub-basin is reported by Thomas et al. (2014).
In this paper, we report the results of our study on
hydrothermal activity in basement granite in the
Chitrial outlier of the Srisailam sub-basin, where
the bulk of U mineralization is conBned to the
basement granite near to unconformity. This paper
mainly focuses on paragenetic relation among
hydrothermal veins, associated alteration and
uranium mineralization in basement granite, by
detailed petrographic and Cuid inclusion studies.

2. Geology and stratigraphy
The Srisailam sub-basin occurs in the northwestern
part of the Cuddapah basin and it comprises of 300
m thick quartzite and shale of Srisailam

Formation, which is the youngest lithounit in the
Cuddapah Supergroup (Nagaraja Rao et al. 1987).
Rocks belong to Middle Proterozoic Srisailam
Formation overlie the Paleoproterozoic basement
granite. Due to extensive erosion along the basin
margin, the Srisailam quartzite occurs as the
number of outliers. As compared to the main basin,
the thickness of cover sediments in these outliers is
relatively small, usually ranging from 20 to 50 m.
AMD has discovered uranium mineralization hosted by granite as well as the cover sediments in
some of these outliers including Chitrial (60 km2),
Lambapur (1.2 km2), and Peddagattu (20 km2) of
the Srisailam sub-basin (Bgure 1). The Chitrial
outlier is a horse-shoe shaped Cat-topped ridge
exposing Srisailam quartzite at top and granite all
around and between two arms. The geological map
of the Chitrial outlier is given in Bgure 2 and a
cross-section of the U mineralized zone is shown in
Bgure 3.
There are extensive exposures of the unconformity between basement granite and cover sediments in these outliers (Bgure 4). Basement granite
exposed around these outliers shows a large undulating surface. Several quarries working on these
granites oAer excellent opportunities to study their
geological characteristics. The granite yields Rb–Sr
isochron age of 2268±32 Ma to 2482±70 Ma
(Pandey et al. 1988; Sinha et al. 1995). Aplite and
pegmatite dykes are common in granite. Basement
granite is also traversed by numerous dolerite
dykes (1800 Ma) (Pandey et al. 1997; French et al.
2008) trending NNE–SSW, NW–SE and E–W and
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Figure 2. Geological map of Chitrial outlier (Umamaheshwar et al. 2009). Inset shows Cuddapah Basin.

Figure 3. Cross-section showing U mineralized zone in Chitrial area, Cuddapah Basin (Umamaheshwar et al. 2009).

belong to dyke swarm 2 and 3 of eastern Dharwar
craton (Murthy 1995). Carbonaceous matter
occurs along the fractures in basement granite and
it suggests the downward migration of the
hydrothermal Cuid-carrying organic matter from
the overlying sediments (Latha et al. 2010). The
granite is overlain by 6–80 m thick, horizontally to
sub-horizontally bedded (2–11° dip) Srisailam
sediments. It comprises pebbly/gritty quartzite,
quartzite-shale intercalated sequence and quartzite
(Nagendrababu et al. 2012).
There is ample evidence of hydrothermal activity in the basement granite which is associated
with uranium mineralization in Chitrial outlier as

manifested by (1) development of fracture Blling
veins including quartz, illite, quartz–epidote,
quartz–chlorite veins of various dimensions ranging
from few microns to few meters thick and (2)
hydrothermal alteration of wallrock granite adjacent to these veins resulting in chloritization,
sericitization and illitization (Bgure 5). In contrast,
hydrothermal signatures are less pronounced in
cover sediments. Feldspars in quartzite are illitized
intensely near to unconformity while such alteration diminishes away from the unconformity.
Pyrite is introduced in intensely illitized quartzite
(Bgure 6). Based on variation in the intensity of
hydrothermal activity in the basement granite,
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Figure 6. Presence of pyrite in illitized quartzite.

Figure 4. An outcrop of unconformity in Chitrial outlier.

Figure 5. Hydrothermal alteration in basement granite.

which is exposed up to a depth of 120 m below the
unconformity, we have grouped the basement
granite into three depth zones, namely, deep zone
(100–120 m), shallow zone (5–100 m) and unconformity zone (0–5 m).
3. Sampling and analytical techniques
Samples for the present study were collected from
outcrops as well as from boreholes drilled by AMD.
Outcrop samples of granite (n = 25) were collected
in and around the Chitrial outlier up to a maximum depth of 120 m below unconformity.

Sub-surface core samples of granite (n =128) were
collected from 4 vertical boreholes drilled by AMD,
three of which intercept U ore bodies (CTR523,
CTR571, CTR227) and one lies outside the U ore
body (CTR500) demarcated by AMD in the Chitrial Outlier, extending to a maximum depth of
14.70 m below unconformity. In borehole CTR227,
CTR523 and CTR571 U mineralization is present
only in the granite below the unconformity,
whereas in the borehole CTR500 U mineralization
is present both in cover sediment and the basement
granite. Details of the depth of unconformity and
mineralized zone in the studied boreholes are given
in Bgure 7.
Samples were studied in detail by optical microscopy, supplemented by X-ray diAraction and Cuid
inclusion analysis. Optical microscopy and Cuid
inclusion analysis were carried out using Olympus
BX51P microscope, Linkam THMSG600 heatingfreezing stage equipped with QICAM Brewire camera and supported by Linksys32 software. Linkam
stage is well calibrated with standards of pure H2O
and CO2 and it is precised up to ±1°C for heating
experiments and ±0.1°C for freezing experiments.
X-ray diAraction analysis was done on a PAnalytical XPert Pro system supported by XPert Highscore and ICDD PDF4. The operation condition of
the instrument is 2h from 5° to 70° angles with slit
size 0.9570 and K-alpha (A°) 1.54060. These analyzes were carried out at the Department of Earth
Sciences, Pondicherry University. Five samples of
granite from different depths along the northern
slope of Chitrial outlier were analyzed for major
elements using WD-XRF at AMD, Hyderabad
(Philips PW1410), and for U, Th using Thermo
X-series 2 ICP-MS at the Department of Earth
Sciences, Pondicherry University. Analysis of chlorite and illite in altered granite was carried out using
EPMA (Cameca SX 100, France) at the Geological
Survey of India (GSI), Bengaluru.
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4. Hydrothermal signatures and uranium
mineralization in granite

Figure 7. Diagram showing the distribution of quartzite,
unconformity, granite and mineralized zone in the studied
boreholes. Numbers (m) denote depth below the ground
surface.

A large number of core samples from uranium
mineralized zone in granite were subjected to
chromogram test following the protocol of AMD
(Dhanaraju 2009) to identify samples containing
radioactive phases. In chromogram test, polished
surface of a radioactive sample is etched with
HNO3, a photographic paper is placed over the
acid-treated surface for about Bve minutes and
then it is treated with potassium ferrocyanide
solution. Uranium minerals such as pitchblende
and coDnite give brown colour spots corresponding
to the grain size in the slab. Thin sections of samples containing radioactive phases were then prepared and exposed to CN Blm to record alpha
tracks. CN Blm is an alpha-sensitive cellulose
nitrate Blm (Kodak CA 850). The thin section is
kept in contact with CN Blm for 72 hrs. After
exposure, the Blm is etched in 10% NaOH solution
at about 30°C for 30 min, when tracks formed due
to bombardment of alpha particles from radioactive phases are recorded (Dhanaraju 2009).

Basement granite is usually grey coloured and consists of quartz, microcline, sodic plagioclase, biotite
with a minor amount of apatite, zircon, allanite,
chlorite, sericite, and epidote. Pyrite, chalcopyrite,
ilmenite, anatase and hydrated iron oxides are the
opaque minerals observed in granite. In the Chitrial
area the basement granite is extensively fractured
and these fractures are Blled with mesoscopic
hydrothermal veins a few mm up to 1.6 m thick and
extending from few meters to few 10s of meters. In
addition, microscopic veins ranging in thickness
from a few micrometers to a few hundred micrometers are present. A gradual increase in the frequency
of mesoscopic and microscopic scale hydrothermal
veins as well as the intensity of wallrock alteration is
observed towards the unconformity.
Chlorite is a common hydrothermal mineral
present in veins (Bgure 8a) as well as altered
wallrock (Bgure 8b) and it is of clinochlore variety.
Petrographic study shows that clinochlore has
formed by alteration of biotite and feldspars. The
other common hydrothermal minerals are muscovite and illite (Bgure 8c) which are formed at the
expense of sodic plagioclase and less commonly
potash feldspar. Petrographic characteristics of
hydrothermal veins and wallrock alteration in
various depth zones of basement granite are summarized below.
4.1 Deep zone
There are two generations of fracture-Blled veins,
chlorite–quartz veins cut by epidote–quartz veins,
both few mm thick and extending for few meters
(Bgure 8d). Few illite veins (20 lm thick) are also
present within feldspars (Bgure 8e). The various
hydrothermal veins are surrounded by a zone of
wallrock alteration in which biotite is replaced by
chlorite, feldspars are altered to chlorite along the
grain boundary and replaced by muscovite and
quartz to a various extent within the grains
(Bgure 8f).
4.2 Shallow zone
Granite is frequently cut by fracture-Blled quartz
veins (up to 160 cm thick), chlorite–quartz veins
(up to 6 cm thick) and younger illite veins (10–33
lm thick). The thickest quartz vein in this zone
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Figure 8. (a) Chlorite veins in granite. (b) Microphoto showing aggregates of hydrothermal chlorite in granite. Note pyrite
grains within chlorite (lower middle). (c) Muscovite (large Cakes) and illite replacing feldspars in granite. Transmitted light,
crossed polars. (d) Granite cut by chlorite vein (older) and epidote vein (younger). (e) Illite vein within feldspar. (f) Feldspars
altered to chlorite along grain boundary. Hydrothermal feeder (quartz) vein cuts through feldspar grains. Transmitted plane
light. (g) Complex quartz vein cutting through dolerite. (h) Illitization of plagioclase feldspar in granite. Transmitted light,
crossed polars. (i) Hydrothermal chlorite–epidote–apatite aggregate in granite. Transmitted light, crossed polars. (j) Quartz vein
with multiple growth zones. Transmitted light, crossed polars. (k) Pyrite and anatase intergrown with chlorite. ReCected plane
light. (l) Quartz showing corroded boundary. Transmitted light, crossed polars.

(160 cm) cuts through the granite and dolerite and
shows multiple zones of deposition from wall to
core of the vein which indicates repeated episodes
of fracturing and Blling (Bgure 8g). Around the

hydrothermal veins, feldspars are altered to chlorite along the grain boundary and to muscovite and
illite inside the grains along with or without the
introduction of pyrite; such alterations are always
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Figure 8. (Continued.)

prominent in plagioclase rather than in K-feldspar
(Bgure 8h). Aggregates of chlorite intergrown with
anatase are also common which are inferred to
have formed by the alteration of biotite in the
granite. In a borehole from a non-mineralized zone
(CTR500), epidote–quartz veins (up to 100 lm)
and a quartz–pyrite vein (4 mm) are associated
with epidote–chlorite–apatite aggregates (Bgure 8i).
4.3 Unconformity zone
Four types of hydrothermal veins are observed in
granite, namely quartz veins (15 lm to 10 mm),
illite veins (30–200 lm), chlorite–quartz veins (50
lm to few mm thick) and rare quartz–pyrite veins
(20–300 lm). Multiple growth zones are observed
in a 2 mm thick quartz vein (Bgure 8j). Feldspars in
this zone are intensely fractured and altered to
illite and less commonly to muscovite together with
the development of chlorite along the grain
boundary. Aggregates of chlorite intergrown with
pyrite and anatase are also present, where chlorite
is partly replaced by illite and muscovite whereas
anatase shows corroded boundary against chlorite
and replaces pyrite (Bgure 8k). Pyrite is also present in the altered feldspars around quartz–pyrite
veins. Quartz commonly shows corroded boundary
against illite (Bgure 8l). This shows that dissolution
of quartz occurred prior to illitization and

precipitation of U-phases during a hydrothermal
event associated with uranium mineralization.
Epidote-bearing veins are very rare in the unconformity zone and few such veins are observed near
Rekalagadda in the southern arm of Chitrial outlier, which is devoid of mineralization. Here granite
contains anastomosing chlorite veins which are cut
by epidote–quartz veins.
Characteristic properties of chlorite, muscovite
and illite inferred from optical microscopy and Xray diAraction analysis are given in table 1.
Microprobe analyses of hydrothermal chlorite
occurring in vein and adjoining wallrock (matrix
chlorite) from different depth zones, including one
mineralized sample (CTR 500-12) containing[0.02
wt.% U3O8, were carried out to characterize the
chemical composition of chlorite and to understand
the spatial variation in Fe/(Fe+Mg) ratio of
chlorite in relation to uranium mineralization.
Major element composition of chlorite and the
calculated values of the atomic proportion of various elements in tetrahedral and octahedral sites,
temperature calculation based on chlorite composition are given in table 2. The structural formula
of chlorite was calculated based on the composition
(Mg10Al2)(Si6Al2O20)(OH)16 (Deer et al. 1992).
Accordingly, the composition of vein chlorite ranges from (Mg6.03Fe2+3.20Mn0.02Al2.52Fe3+0.08) 
(Si5.64Al2.36)O20(OH)16 to (Mg3.42Fe2+6.10Al2.41) 
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Table 1. Properties of hydrothermal chlorite, muscovite and illite.
Mineral

Optical /physical properties

d spacing in Å and (hkl)

Chlorite

Dark green coloured macroscopic

14.0803–14.7171 (001)

grains; pleochroism in shades of

7.0279–7.1122 (002)

green, brown and yellow; violet,

4.2482–4.9993 (003)

XRD spectrum

brown, purple or first-order yellow
interference colour.

Muscovite Colourless flakes, 100s of micron to

Illite

9.8778–10.1302 (002)

macroscopic in size; bright, higher-

4.9539–5.0618 (004)

order interference colour.

3.3171–3.3539 (006)

Massive, yellow to pale green

9.9212–10.1788 (002)

coloured in hand specimen; few 10s

4.9769–5.0503 (004)

of micron or less in size; first-order

3.3401–3.3518 (006)

interference colour.

(Si5.49Al2.51)O20(OH)16, and that of matrix chlorite
is (Mg4.53Fe2+3.96Mn0.06Al2.73Fe3+0.22)  (Si5.78Al2.22)
O20(OH)16 to (Mg3.74Fe2+5.77Al2.44)(Si5.41Al2.59)
O20(OH)16. These compositions indicate that all
these chlorites are ferroan clinochlore. Fe/(Fe+Mg)
ratio of chlorite samples and their depth below
unconformity are given in table 3. Clinochlore
from the mineralized granite (CTR 500-12)
has the highest Fe/(Fe+Mg) ratio among these
samples.
Chemical analysis of Bve granite samples from
outcrops in different depth zones in the Chitrial
area was carried out to understand the variation in
major elements and U, Th concentration of granite
and the values are listed in table 4. A plot of these

samples in A/NK vs. A/CNK diagram (Shand
1943) shows that the granite is peraluminous
(Bgure 9). Variation in the concentration of the
major elements (Bgure 10a, b) shows that the silica
content decreases and alumina increases towards
unconformity. These changes are inferred to be due
to intense illitization of feldspars and dissolution of
quartz near to unconformity. In the case of CaO
and Na2O, there is an oscillatory variation across
the depth with a decrease near to unconformity due
to extensive alteration of plagioclase to illite. There
is an increase in FeO, MgO and TiO2 towards
unconformity which is attributed to intense chloritization accompanied by precipitation of anatase
and pyrite near to unconformity. The
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Table 2. Chemical composition of chlorite.
Major
elements
(wt.%)

S24i
(matrix)
n=9

S24i
(vein)
n=9

CTR
500-12
(vein)
n=7

CTR
500-12
(matrix)
n=4

SiO2
27.92
27.92
25.05
25.70
TiO2
0.06
0.02
0.03
4.23
Al2O3
20.14
20.05
19.03
16.18
FeO
24.15
21.63
33.09
29.24
MnO
0.33
0.08
0.53
0.50
MgO
14.67
18.16
10.46
9.58
CaO
0.04
0.05
0.03
2.47
Na2O
0.03
0.04
0.01
0.01
K2O
0.57
0.08
0.01
0.03
Cr2O3
0.01
0.01
0.01
0.01
Total
87.93
88.05
88.25
87.94
Structural formula on the basis of 28 oxygen atoms
Si (iv)
5.78
5.70
5.49
5.57
Al (iv)
2.22
2.30
2.51
2.43
Al (vi)
2.73
2.54
2.41
1.74
Ti
0.01
–
0.01
0.69
Cr
–
–
–
–
Fe3+
0.22
0.12
–
0.38
Fe2+
3.96
3.57
6.10
4.92
Mn
0.06
0.01
0.10
0.09
Mg
4.53
5.53
3.42
3.10
Ca
0.01
0.01
0.01
0.57
Na
0.03
0.03
0.01
0.01
K
0.30
0.04
–
0.02
Total
35.84
35.87
36.06
35.52
Fe/
0.48
0.40
0.64
0.63
(Fe+Mg)
Temperature calculation, T = 106 AlIVC + 18
Al (iv)
2.22
2.30
2.51
2.43
1.11
1.15
1.255
1.215
Al (iv) 14
Oxygen
basis
T (°C)
135.66 139.9
151.03
146.79

CTR
571-23
(matrix)
n=8

CTR
523-31
(vein)
n=5

CTR
523-31
(matrix)
n=6

CTR
500-20
(matrix)
n=8

CTR
500-22
(matrix)
n=4

S22c
(vein)
n=9

24.98
0.08
19.68
31.54
0.50
11.58
0.04
0.01
0.01
0.01
88.42

26.31
0.01
20.28
22.92
0.19
16.15
0.04
0.02
0.03
0.01
85.95

24.96
0.05
20.50
29.76
0.52
12.80
0.01
0.02
0.01
0.01
88.64

26.79
0.07
17.51
28.82
0.49
13.66
0.08
0.04
0.04
0.26
87.74

25.62
0.06
18.84
31.27
0.63
11.79
0.04
0.02
0.06
0.01
88.34

27.64
0.03
20.23
19.20
0.09
19.82
0.04
0.05
0.06
0.01
87.16

5.41
2.59
2.44
0.01
–
–
5.77
0.09
3.74
0.01
0.01
–
36.08
0.61

5.57
2.43
2.64
–
–
0.11
3.95
0.03
5.10
0.01
0.02
0.02
35.87
0.44

5.34
2.66
2.51
0.01
–
–
5.38
0.09
4.08
–
0.02
–
36.10
0.57

5.77
2.23
2.21
0.01
0.04
0.01
5.17
0.09
4.38
0.02
0.03
0.02
36.00
0.54

5.55
2.45
2.37
0.01
–
–
5.70
0.12
3.81
0.01
0.02
0.03
36.07
0.60

5.64
2.36
2.52
–
–
0.08
3.20
0.02
6.03
0.01
0.04
0.03
35.92
0.35

2.59
1.295

155.27

concentration of U (6–33 ppm) and Th (21–154
ppm) are higher in these granite samples as compared to the average concentration of 1.02 ppm U
and 4.8 ppm Th in the continental crust (Cuney
2010).
4.4 Uranium mineralization
In the Chitrial area, bulk of the uranium mineralization is conBned to the granite within few meters
below the unconformity in which radioactive phases were found to occur in two forms namely: (1)
pitchblende±coDnite occurring as colloform bands
along with carbonaceous matter containing

2.43
1.215

146.79

2.66
1.33

158.98

2.23
1.115

136.19

2.45
1.225

147.85

2.36
1.18

143.08

disseminated sulphides (Bgure 11a, b) and (2)
pitchblende±coDnite occurring along micro fractures or grain boundaries of quartz and feldspars
often associated with ferruginous stain (Bgure 11c).
The colloform aggregates of carbonaceous matter, up to few mm in size replace feldspars along
grain boundary (Bgure 11d) or associated with
illite–quartz vein occupying micro-fractures in
feldspars. Pitchblende forms colloform bands or
occurs in irregular form within carbonaceous matter. In some instances, coDnite replaces carbonaceous matter and pitchblende along the periphery
of colloform aggregates. The dense alpha tracks are
characteristic of pitchblende and coDnite in this
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Table 3. Fe/(Fe+Mg) ratio of clinochlore in the studied
samples.

Sample
S24i
CTR
CTR
CTR
CTR
CTR
S22c

500-12
500-20
500-22
571-23
523-31

Fe/(Fe+Mg)

Depth below
unconformity (m)

Vein

Matrix

0.30
4.60
10.20
11.65
7.35
9.98
70.00

0.40
0.64
–
–
–
0.44
0.35

0.48
0.63
0.54
0.60
0.61
0.57
–

Table 4. Chemical composition of Chitrial granite.
Sample no.

S24h

Depth below UC (m) 0.5
Major elements (wt.%)
SiO2
74.50
TiO2
0.52
Al2O3
12.16
Fe2O3(t)
3.59
MgO
2.45
MnO
0.03
CaO
0.13
Na2O
1.69
K2O
5.24
P2O5
0.15
Total
100.46
Trace elements (ppm)
U
24
Th
154

SJ6b

S27

SS15

SS21

4.0

50.0

70.0

80.0

75.20
0.18
11.72
1.50
1.77
0.01
0.01
1.76
7.06
0.05
99.26

76.11
0.22
11.46
1.83
0.77
0.04
0.93
2.75
5.44
0.07
99.62

76.75
0.23
11.40
1.65
1.36
0.02
0.11
2.37
6.09
0.10
100.08

79.50
0.03
10.96
0.51
0.24
0.01
0.64
2.72
5.63
0.04
100.28

6
80

33
46

9
85

10
21

mineral assemblage (Bgure 11e and f). Pyrite ±
galena in euhedral crystals of irregular forms
invariably occurs within the carbonaceous matter.
Where the granite shows cataclastic deformation, uranium mineralization occurs as follows; in
some instances, micro-fractures within illitized
feldspar are Blled with pitchblende and pyrite
where pitchblende occupies the entire fracture Bll
from wall to core and pyrite is conBned to the core;
elsewhere the same fracture is Blled with quartz.
This shows that quartz and pitchblende precipitated at the same time in these fractures. In other
instances, pitchblende occurs along grain boundaries of quartz and feldspars by replacing the host
silicates which show traces of iron hydroxide along
grain boundaries and fractures.
The Beld and petrographic study of hydrothermal veins in the basement granite reveals the following paragenetic sequence (Bgure 12). The oldest

veins consist of chlorite and quartz and occur in
various depth zones, with an increase in frequency
towards unconformity. Epidote–quartz veins have
formed subsequently, and these veins are generally
conBned to the deep zone. Later, a large number of
quartz veins have developed in granite particularly
in shallow zone. Precipitation of illite ± quartz ±
pyrite ± pitchblende ± coDnite in micro-fractures
or grain boundaries of quartz and feldspars often
associated with ferruginous stain and carbonaceous
matter in the granite of unconformity zone represents the last stage of hydrothermal activity.
In the early stage of hydrothermal activity,
biotite and feldspars of granite were replaced by
chlorite. Such chlorite formed from biotite is
intergrown with anatase in various depth zones,
and with pyrite in the unconformity zone. Subsequently, feldspars were extensively altered to
muscovite in deep and shallow zones and to illite in
unconformity zone, though both these minerals
often occur together. Intensely altered feldspars in
the unconformity zone are associated with disseminated pyrite.
5. Fluid inclusion studies
Fluid inclusions in quartz grains from three types
of hydrothermal veins occurring in different depth
zones, namely chlorite–quartz, epidote–quartz,
quartz veins have been studied. Doubly polished
wafers (0.25–0.35 mm thick) of quartz from different veins were prepared for Cuid inclusion
studies. These wafers were studied under the
transmitted light microscope for detailed petrography of inclusions. Primary inclusions were recognized by the criteria of Roedder (1984) and
Shepherd et al. (1985). Three types of primary Cuid
inclusions have been identiBed in these samples –
Type I (aqueous biphase), Type II (aqueous
monophase) and Type III (aqueous polyphase)
(Bgure 13a–d). In some cases Type I and type III
inclusions co-exists together (Bgure 13e). The secondary Cuid inclusions (aqueous biphase and
monophase) occur in arrays along healed fractures
(Bgure 13f).
Type I: Aqueous biphase inclusions (LH2 O
[[VH2 O ).
This is the most common type of inclusion having degree of Bll between 0.90 and 0.95. These are
4–52 lm in size and are elongated, sub-rounded,
negative crystal-shaped, or irregular.
Type II: Aqueous monophase inclusions (LH2 O ).
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Figure 9. A/NK vs. A/CNK diagram of analyzed granite samples (Shand 1943).

Figure 10. (a, b) Depth-wise distribution of silica and other major oxides in granite.

This type is less common as compared to Type I.
These are 4–14 lm in size and sub-rounded or
irregular in shape.
Type III: Polyphase inclusions (LH2 O[[
VH2 O +S).
This type of inclusions is less common as compared to the other two types. These are 6–28 lm in
size and elongated, sub-rounded, or triangular.
Microthermometric experiments were carried
out by standard techniques (Roedder 1984; Goldstein and Reynolds 1994) on primary inclusions
which are larger than 4 lm. Secondary inclusions
were not selected for microthermometric experiments in the present study. Eutectic temperature
(Teut) and Bnal ice melting temperature (Tm-ice)

were observed after the complete freezing of Cuid
inclusions to –110°C using liquid nitrogen, followed
by warming at 3–5°C/min. The temperature at
which Brst melt of ice was observed and noted as
Teut and temperature at which complete melting of
ice is noted as Tm-ice. Th was observed by heating
the inclusion which is at room temperature at the
rate of 5°C/min. Error limit during the heating
experiment is ±1°C and freezing experiment is
±0.1°C. Teut of Cuid inclusions were used to infer
the major chemical components present in aqueous
solution based on the values reported for pure
systems (Crawford 1981; Shepherd et al. 1985;
Davis et al. 1990; Spencer et al. 1990) and salinity
(wt.%) was calculated from Tm-ice using the
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Figure 11. (a, b) Carbonaceous matter containing disseminated pitchblende (bright) and coDnite (dull), in reCected plane light (left)
and transmitted plane light (right). (c) Fracture Bll in granite containing carbonaceous matter and ferruginous stain associated with
U-minerals. (d) Replacement of carbonaceous matter along grain boundary of feldspar. Transmitted plane light. (e, f) Pitchblende
and coDnite as fracture Bll in granite (left), dense alpha tracks over these U-minerals (right). Both in transmitted plane light.

Figure 12. Paragenetic diagram of hydrothermal mineral
assemblage in granite of Chitrial area.

equation given by Bodnar and Vityk (1994).
Microthermometric data are listed in tables 5–7.
During microthermometric experiment, Type I
and Type II inclusions completely freeze at –110°C.
There was not a single instance of vapour formation in Type II inclusions while freezing. During
heating, all the Type I inclusions homogenize into
the liquid phase. Major components and salinity of
Type II inclusions are comparable with those of
Type I inclusions in the same sample. In Type III
inclusions disappearance of vapour during heating
experiment takes place in the temperature range of
90–273°C always before melting of daughter
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Figure 13. (a) Aqueous biphase inclusions (Type I) in quartz. (b) Monophase inclusion (Type II) in quartz. (c) Polyphase
inclusion (Type III) in quartz. (d) Coexisting Type I and Type II inclusions in quartz. (e) Coexisting Type I and Type III
inclusions in quartz. (f) Primary and Secondary aqueous Cuid inclusions in quartz.

crystal. Salt dissolution in the Type III inclusions
was observed in the temperature range of 223 to
[400°C corresponding to the salinity of 33.0 to
[47.4 wt.% NaCl equivalent, and such high salinities may be attributed to heterogeneous trapping
of halite crystals from an oversaturated Cuid. A
brief description of microthermometric results on
aqueous biphase inclusions is given below. Histogram plots of salinity and homogenization temperature for aqueous biphase inclusions in
unconformity zone, shallow zone, and deep zone
are given in Bgure 14(a, b).
5.1 Deep zone
Microthermometry was done on quartz grain from
an epidote–quartz vein (120 m below unconformity)

(table 5). Teut is in the range of –44.5 to –53.7°C
which corresponds to MgCl2, CaCl2, NaCl, and KCl
in an aqueous solution. Salinity ranges from 0.4 to
[23.1 wt.% NaCl equivalent and Th from 131 to
275°C.
5.2 Shallow zone
Quartz veins (n = 5) from depths of 6.20, 10.00,
10.25, 12.50, 14.00 m and chlorite–quartz vein
(n=1) from 70.00 m below unconformity were
studied (tables 5 and 6). All the Bve quartz samples
show Teut in the range of –22.3 to –48.0°C indicating the presence of MgCl2, NaCl, and KCl in
solution with Th ranging from 97 to 197°C and
salinity from 0.8 to [23.1 wt.% NaCl equivalent.
Quartz from chlorite–quartz vein shows Teut (–20.6

*Quartz vein; chlorite quartz vein; epidote quartz vein.

Sub-rounded

5.3 Unconformity zone

Unconformity
zone

Depth zone

#

III

3

4–12

[400

–

to –45.6) corresponding to MgCl2 and NaCl with
salinity ranging from 3.4 to 23.0 wt.% NaCl
equivalent and Th from 140 to 227°C.
Seven samples of quartz were collected from
different growth zones of the 1.6 m thick complex
quartz vein exposed along the southern slope of
Chitrial outlier at 13 m below unconformity. These
samples are from the southern wall successively
towards core at 13, 23, 35, 58, 61, and 69 cm from
the vein wall. Microthermometric data of aqueous
biphase inclusions (table 7) in these samples show
oscillatory changes in salinity (low to high salinity)
and in the dominant ionic species in aqueous Cuid
(NaCl–KCl to MgCl2–CaCl2) from the wall to core
of the vein. However, there is no such oscillation in
Th which ranges from 110 to 203°C with Th-max
observed in the core of the vein.

+

Sub-rounded
Elongated, irregular
III
I
120+
Deep zone

5
15

4–16
4–12

290 to 306
–

–
131–275

–20.6 to –22.1;
–34.3 to –45.6
–
–44.5 to –48.3;
–50.2 to –53.7
–
140–227
I
70.0#
Shallow zone

11

4–12

–

–53.2 to –65.4
78–118

9.9–18.8;
[23.2
3.4–9.2;
22.3–23.0
37.4–38.6
0.4–9.3; 21.7
to [23.2
[47.4
–

–6.6 to –15.20;
–21.3 to –28.7
–2.0 to –6.0;
–20.0 to –21.0
–
–0.2 to –6.1;
–19.0 to –23.4
–
I
3.0*

12

6–12

Elongated, irregular,
triangular
Elongated, rectangular,
irregular
Triangular, irregular
I
0.3*

12

8–20

–24.6 to –33.4
105–141
0.4–8.8
–
–0.2 to –5.7

Teut (°C)
Th (°C)
Tm-solid (°C)
Tm-ice (°C)
Shape
Size (l)
N
Type
Depth below
unconformity
(m)

Table 5. Micro-thermometric data of primary Cuid inclusions in hydrothermal quartz from various depth zones in outcrop.
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Salinity
(wt.% NaCl
eqvt.)
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The quartz veins (n=7) from 0.30, 0.86, 2.24, 2.40,
3.00, 4.46, 4.85 m depth below unconformity were
studied (tables 5 and 6). Teut is in the range of
–20.8 to –44.3°C which corresponds to NaCl, KCl,
and MgCl2 in an aqueous solution with a wide
range of salinity from 0.2 to 20.9 wt.% NaCl
equivalent and Th from 105 to 169°C except in the
quartz sample from 3.00 m below unconformity in
which Teut of one inclusion (–53.2°C) corresponds
to CaCl2 and MgCl2 in solution while other 11
inclusions yielded values in the range of –61.2 to
–65.5°C for which there is no match with the
chemical system based on experimental data. The
salinity of inclusions in this sample (3 m below UC)
ranges from 9.9 to[23.1 wt.% NaCl equivalent and
Th from 78 to 118°C.
6. Discussion and conclusion
A geochemical survey carried out by AMD in and
around the Chitrial outlier has revealed uranium
concentration of the order of 30–954 ppm in basement granite (Clarke value of U in granite is 5
ppm; Krauskopf 1979) and Th/U ratio in the range
of 0.048–13.293 with an average of 0.595 (Verma
et al. 2008). This is also corroborated by the presence of accessory phases of monazite, zircon,
allanite as well as uraninite in the granite (Rajaraman et al. 2013). The basement granite in this
region is extensively fractured and Blled with
hydrothermal veins consisting of various proportions of quartz, chlorite, epidote, muscovite, illite,

6

III

1
11
9

III
I
I

12.5#
14#

*Unconformity zone; #shallow zone.

2
11

III
I

2.4*

CTR 227

11

I

10.25#

6.20#
3

3
14

II
I

III

17

I

10.00#

13

3
12

III
I

4.46*

I

4
10

II
I

2.24*

4.85*

13

n

I

Type

0.86*

Depth below
unconformity (m)

CTR 500

CTR 571

CTR 523

Borehole no.

2–10
6–14
2–25

12–28
4–10

4–14

10–16

6–14

8–18

10–18
4–18

10–32

8–14
8–18

4–8
8–18

6–52

Size (lm)

Irregular to sub- rounded
Elongated, euhedral,
sub-rounded, rectangular
Irregular to sub-rounded
Sub-rounded, rectangular
Euhedral, rectangular

Tabular, elongated and
irregular
Nearly sub-rounded
Tabular, elongated and
irregular
Sub-rectangular
Tabular, elongated and
irregular
Tabular, elongated and
irregular
Nearly sub-rounded
Negative euhedral,
rectangular
Triangular, elongated,
sub-rounded
Negative euhedral,
rectangular, sub-rounded
Triangular, elongated,
sub-rounded
Elliptical to tabular

Shape

Tm-ice (°C)

–
–0.5 to –2.6
–3.5 to –7.1;
–11.3 to –17

–4.3 to –12.9;
–18.2 to –23.1
–
–0.2 to –6.2

–

–0.8 to –20.3

–

–9 to –12
–0.1 to –2.0

–
–2.1 to –4.2;
–15.0 to –18.0
–0.6 to–17.3

–1.6 to –2.0
–1.2 to –3.2

–2.0 to –2.8

Table 6. Micro-thermometric data of primary Cuid inclusions in vein quartz from boreholes.

[47.4
3.6–6.7;
18.6–20.9
1.1–20.5

[400
–

256
–
–

263.4–281
–

35.6
0.9–4.3
5.7–10.6; 15.8–20.2

6.9–16.8;
21.1 to [23.2
35.8–36.8
0.4–9.5

[47.4

[400
–

1.4–22.6

37.6–47.4

292 to [400
–

12.9–15.9
0.2–3.4

–
–

–

2.7–3.4
2.0–5.3

3.4–4.7

Salinity (wt.%)
NaCl eqvt.

–
–

–

Tm-solid (°C)

–33 to –34.8;
–35.3
–33; –34.8
–22.8 to –23.9;
–32.0 to –33.0
–33.0
–22.3 to –23.4
–32 to –34

–23 to –25;
–32 to –34
–23.1 to –24.0

–23 to –23.9

–35 to –37.9
–23 to –24

–21 to –21.2;
–23.1 to –23.5
–20.8 to –21.2
–21 to –21.2;
–23.5
–21 to –21.1
–31 to –33.4;
–37.2 to –44.3
–33; –34.5 to –48

Teut (°C)

–
115–146
112–146

–
118–169

97–197

–

102–142

–

–
127–152

102–147

–
121–154

–
135–153

140–158

Th (°C)
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2
1
12

1
13

12

1
14

1
14

II
III
I

III
I

I

III
I

III
I

7th sample (core)

20
4–14

10
6–20

4–12

12
8–24

6–10
10
6–12

6–20

8–22

Size (lm)

Irregular, sub-rounded
Irregular
Irregular, sub-rounded
and rectangular
Irregular, sub-rounded
Irregular, elongated,
sub-rounded and rectangular
Irregular, elongated,
sub-rounded and rectangular
Irregular, sub-rounded
Irregular, sub-rounded
and rectangular
Irregular
Irregular, elongated,
sub-rounded and rectangular

Irregular, sub-rounded
and rectangular
Irregular, sub-rounded

Shape

–
–1.5 to –6.1;
–17.9 to –21.0;
–25.5

–
–0.1 to –4.2

–4.2 to –10.7

–
–2.5 to –5.1

–8.0 to –8.6
–
–24.2 to –26.4

–7.2 to –9.0

–0.6 to –6.2

Tm-ice
(°C)

223
–

230
–

33.1
2.6–9.3; 20.9–23.1;
[23.2

33.5
0.2–6.7

6.7–14.7

[47.4
4.2–8.0

[400
–
–

11.7–12.5
[47.4
[23.2

10.7–12.9

1.1–9.5

Salinity (wt.%)
NaCl eqvt.

–
[400
–

–

–

Tm-solid
(°C)

–10.2
–51.1 to –53.0;
–30.9 to –33.2

–19.9 to –21.2;
–23.1
–21
–9.6 to –10.3

–21.1 to –21.2;
–22.6 to –24.1
–21.0 to –21.3;
–22.7 to –23.0
–21.0
–22.7
–52.0 to– 52.3;
–55.0
–55
–20.4 to –21.1

Teut (°C)

–
138–203

–
136–171

110–152

–
164–182

–
–
132–142

132–156

138–154

Th (°C)
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6th sample
(61 cm from wall)

4th sample
(35 cm from wall)
5th sample
(58 cm from wall)

3rd sample
(23 cm from wall)

10

I

2nd sample
(13 cm from wall)

14

n

I

Type

1st sample (wall)

Sample

Table 7. Micro-thermometric data of primary Cuid inclusions in quartz reef from southern slope of Chitrial outlier.
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Figure 14. Histogram plot of aqueous biphase inclusions. (a) Salinity (wt.% NaCl eqvt.) and (b) temperature of homogenization.

and pyrite at different depths below unconformity,
indicating that there was widespread hydrothermal
activity during which U has been mobilized from
the granite (Cuney and Friedrich 1987; Hecht and
Cuney 2000).
The hydrothermal alteration observed in different depth zones of basement granite is explained
by the following reactions between granite and
hydrothermal Cuid.
1. In deep and shallow zones, biotite is converted
to clinochlore according to the following reaction (Parry and Downey 1982).

2KðMg; FeÞ3 AlSi3 O10 ðOHÞ2 þ4Hþ
¼ ðMg; FeÞ5 A12 Si3 O10 ðOHÞ8 þ2Kþ þ Mg2þ
þ Fe2þ þ 3SiO2 :
Ti4+ released from biotite during such reaction
has contributed to the development of anatase.
In the unconformity zone, chloritization of
maBc minerals is accompanied by precipitation of pyrite followed by the development of
anatase.
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Figure 15. Feldspar altered to muscovite in granite. Transmitted light, crossed polars.

2. In deep and shallow zones, plagioclase feldspar
and to a lesser extent microcline perthite are
partially converted to clinochlore along their grain
boundaries (Bgure 8f) and to muscovite (± illite)
within the grains by reaction with aqueous Cuid
containing Mg2+ and Fe2+ (Giggenbach 1988).
2NaAlSi3 O8 þ 0:8KAlSi3 O8 þ 1:6H2 O

þ Mg2þ ; Fe2þ aq ¼ 0:8KAl3 Si3 O10 ðOHÞ2

alteration in sodic plagioclase as compared to
microcline. Alternately, either of the feldspars
could have altered to muscovite by the following
reactions (Giggenbach 1997; Meunier and Velde
2004).
3KAlSi3 O8 þ 2Hþ ¼ KAl3 Si3 O10 ðOHÞ2 þ2Kþ
þ 6SiO2
3NaAlSi3 O8 þ 2Hþ þ Kþ ¼ KAl3 Si3 O10 ðOHÞ2
þ3Naþ þ 6SiO2 :

þ 0:2ðMg; FeÞ5 A12 Si3 O10 ðOÞ8 þ5:4SiO2 þ 2Naþ
aq :
3. Sodic plagioclase participating in the above
reaction will release anorthite component and
alteration of maBc minerals to chlorite releases
Fe2+. When the temperature is favourable
during these reactions (i.e., [250° C; Lagat
2009), epidote will form along with chlorite by
the following reaction.
2KðMg,FeÞ3 A1Si3 O10 ðOHÞ2 þCaAl2 Si2 O8
þ H2 O þ 3Hþ þ O2 ¼ ðMg; FeÞ5 A12 Si3 O10 ðOHÞ8
þ Ca2 ðAl, FeÞ3 Si3 O12 ðOHÞ þ 2Kþ þ 2SiO2 :
4. In many instances feldspars are altered to
muscovite (Bgure 15) without being associated
with chlorite, by the following reaction (Reed 1997).
2NaAlSi3 O8 þ KAlSi3 O8 þ 2Hþ
¼ KAl3 Si3 O10 ðOHÞ2 þ2Naþ þ 6SiO2 :
The proportion of albite and microcline in the
above reaction explains the predominance of such

Potassium released during the alteration of
K-feldspar could have been responsible for the
alteration of sodic plagioclase to muscovite.
5. In the unconformity zone, plagioclase feldspar
and to a lesser extent microcline perthite are
converted to illite (Bgure 8h) by the following
reactions:
2NaAlSi3 O8 þ KAlSi3 O8 þ 2Hþ
¼ K0:65 Al2 ðAl; SiÞ4 O10 ðOHÞ2 þ2Naþ
þ 0:35Kþ 6SiO2 :
Alternately, either of the feldspars could have
altered to illite by the following reactions.
3KAlSi3 O8 þ 2Hþ ¼ K0:65 Al2 ðSi; AlÞ4 O10 ðOHÞ2
þ 2:35Kþ þ 6SiO2
3NaAlSi3 O8 þ 2Hþ þ 0:65K
¼ K0:65 Al2 ðSi; AlÞ4 O10 ðOHÞ2 þ3Naþ þ 6SiO2 :
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Figure 16. Homogenization temperature vs. salinity diagram (Shepherd et al. 1985) of Type I inclusions in the studied quartz
samples from hydrothermal veins: (a) simple vein in outcrop, (b) complex vein in outcrop, (c) borehole CTR523, (d) borehole
CTR 571, (e) borehole CTR 500, and (f) borehole CTR 227.

The stability of chlorite, illite, and epidote lies
within the temperature range of 120–400°,
120–320°, 250–400°C, respectively (Reyes 1990;
Lagat 2009) while muscovite is stable in a wide
range of temperatures higher than that of illite.

The widespread occurrence of chlorite in all the
depth zones, presence of epidote mostly in deep
zone, the predominance of muscovite in shallow
zone and illite in the unconformity zone shows a
decrease in the temperature of hydrothermal
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Figure 17. Chlorite replaced by illite in U mineralized granite. Transmitted light, crossed polars.

alteration from deep zone to unconformity zone.
Such a spatial variation in alteration mineral
assemblage as a function of depth below the
unconformity, as well as an increase in the
intensity of alteration towards the unconformity
both indicate that these are related to a
hydrothermal event which post-dates the
sedimentation in the Srisailam sub-basin. The
hydrothermal quartz from various types of veins
in all the three depth zones contains biphase (Type
I), monophase (Type II), and polyphase (Type III)
aqueous inclusions in decreasing order of
abundance. These three Cuid inclusion types
coexist together. From Brst ice melting
temperatures of Type I inclusions it is observed
that CaCl2 is present in epidote bearing veins from
the deep zone, MgCl2 is prevalent in all veins and
NaCl–KCl are predominant in veins from the
unconformity zone. Final ice melting temperature
of Type I inclusions from each depth zone shows a
large variation in salinity within the range of 0.2 to
[23.2 wt.% NaCl equivalent. The coexistence of
Type I and III inclusions reveals the magnitude of
heterogeneity in the salinity of aqueous Cuid. The
homogenization temperature of Type I inclusions is
in the range of 275–78°C with the highest value
recorded in quartz from the deep zone and the few
higher values may represent heterogeneous
trapping of the gas phase.
In Bgure 16(a–f), the salinity of Type I inclusions
in vein quartz from outcrops and boreholes is
plotted against Th. These diagrams show a wide
spread of salinity and Th in all the studied samples.

Such trends are attributed to the mixing of Cuids of
contrasting salinity and temperature (Shepherd
et al. 1985). We infer that there was continuous
pumping and convective circulation of basinal
brine between cover sediment and the fractured
basement granite. As the basinal brine passed
through and interacted with basement granite from
unconformity zone to deep zone it resulted in illitization and chloritization, due to which there was
significant addition of K+, Na+ and lesser Mg2+,
Ca2+ from rock to the brine. The wide range of
salinity in Cuid inclusions of hydrothermal quartz
at different depth zones suggests mixing of the
fresh Cux of low to moderate salinity basinal brine
with high salinity brine which developed through
reaction with wallrock.
The Cuid inclusion study of quartz from different growth zones (7 samples from wall to
core of quartz vein) in the southern slope of
Chitrial outlier shows oscillatory changes in
major components of aqueous Cuid from
NaCl–KCl to MgCl2–CaCl2 and in salinity of
Type I inclusions from low to high (table 7). Th
of Type I inclusions ranges from 110 to 203°C
in these samples with Th-max of 182 and 203°C
in 4th and 7th samples, respectively. Such
variation in composition and temperature of
Cuids also supports mixing of aqueous Cuid
having contrasting salinity and temperature
(Bgure 16b).
From the available evidence, we infer that the
following physical and chemical conditions of the
hydrothermal process are responsible for uranium
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mineralization in the unconformity zone of basement granite in Chitrial area.
1. In many of the world occurrences of unconformity type U deposits, precipitation of U is
known to have occurred in the temperature
range of 120–250°C (Dahlkamp 1993; Cuney
and Kyser 2009). The homogenization temperature of primary Cuid inclusions, as well as
alteration mineral assemblage in the Chitrial
prospect clearly shows that such temperatures
prevailed in the unconformity zone which predominantly contains illite, whereas the temperatures were relatively higher in shallow and
deep zones characterized by muscovite and
epidote, respectively.
2. Alteration of feldspars and maBc minerals of
granite to chlorite, muscovite and illite indicates that hydrothermal Cuid responsible for
such alteration was acidic. The solubility of
uranium in hydrothermal solution is greatly
enhanced with decrease in pH of aqueous Cuid
(Richard et al. 2012). This shows that Cuid–rock
interaction during the hydrothermal process has
played a significant role in scavenging and
mobilizing U from granite.
3. Uranium is transported by oxidized hydrothermal Cuid in U6+ state as uranyl complex and is
precipitated at redox boundaries as U4+ oxide
(Pirajno 2009). The petrographic study has
shown that hydrothermal chlorite (present in
veins and granite) formed prior to uranium
mineralization and it is ferroan clinochlore. In
the uranium mineralized unconformity zone,
there is evidence of breakdown of chlorite which
is often replaced by illite (Bgure 17), accompanied by precipitation of reddish-brown ferric
hydroxide along grain boundaries of quartz and
feldspars. It is therefore inferred that Fe2+ in
chlorite acted as a reductant for precipitating
pitchblende and coDnite along with sulBdes and
carbonaceous matter in the unconformity zone.
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