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Atomic Minerals Directorate for Exploration and Research
(AMD), is the constituent unit under the administrative
control of the Department of Atomic Energy (DAE), Gov-
ernment of India. Activities of AMD are closely linked to
different phases of nuclear fuel cycle of our country and
is primarily focussed on exploration and augmentation of
resources of Uranium (U), Thorium (Th), Niobium (Nb),
Tantalum (Ta), Zirconium (Zr), Beryllium (Be), Lithium
(Li) and Rare Earth Elements (REE) which are required for
various programs of DAE to support the Nuclear Power Pro-
gramme (NPP) of India.

The first record of exploration for atomic minerals in
India dates back to the discovery of monazite bearing black
sand along the coastal stretch between Kollam and Nager-
coil in erstwhile princely state of Travancore (now Kerala)
by a German Chemist, Schomberg in 1909. The first report
of uranium in India was made in 1913 when occurrence of
gummite (altered uraninite) and a 36 pound pure uranin-
ite nodule was discovered from pegmatite of Gaya district,
Bihar. Subsequently, torbernite—a florescent secondary
uranium mineral had been reported from Singhbhum belt
in the early 1920’s by a private prospector (E.F.O. Murray)
and documented in the records of the Geological Survey of
India.

In the pre-independence era, during the Second World
War (1939-1945), Geological Survey of India (GSI) had
created the Rare Minerals Survey Unit (RMSU) with the
sole purpose to procure beryl from the mica mines of the
country. Subsequently, in 1948, RMSU was brought under
the Ministry of Natural Resources and Scientific Research.
Dr. Homi J. Bhabha’s efforts resulted in transferring the
RMSU under the administrative control of Atomic Energy
Commission (AEC) w.e.f. July, 1949 with a focused mandate
of exploring strategic minerals of interest to atomic energy
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programme of the country. In 1953, RMSU was re-named as
Raw Material Division (RMD) and later as Atomic Minerals
Division in 1958. On its Golden Jubilee in 1998, the organi-
zation was rechristened as Atomic Minerals Directorate for
Exploration and Research (AMD). From a small nucleus of
17 earth scientists in 1950, AMD has grown into a premiere
geoscientific organization with the present strength of more
than one thousand eight hundred employees, comprising
scientific, technical, administrative, and auxiliary personnel.

In the front end of the Nuclear Fuel Cycle, AMD shoul-
ders the responsibility of survey, exploration and augmenta-
tion of atomic mineral(s) resources in different geological
domains of India. The survey and exploration activities of
the Directorate, with Headquarters at Hyderabad, are spread
pan-india and are executed through seven Regional Centres
with Headquarters located at New Delhi, Bengaluru, Jam-
shedpur, Shillong, Jaipur, Nagpur, and Hyderabad. Besides,
three sectional offices operate from Thiruvananthapuram,
Visakhapatnam and Kolkata. Under the provisions of Mines
and Minerals (Development and Regulation) Act, 1957 and
the rules made thereunder, AMD is also engaged in regula-
tion of the mining activities of atomic mineral(s) viz. scru-
tinizing Mining Plans for atomic minerals, processing of
proposals on mineral concessions received from DAE, vari-
ous State Governments and PSUs and inspection of mines.
The Directorate also provide geological and geotechnical
support to NPCIL and other DAE establishments based on
their requirement for site investigation for nuclear facilities,
in the end phase of fuel cycle.

Mineral exploration by AMD is primarily aimed at
knowing genetic processes of mineralisation in a geological
domain or in a host rock and contemplating possibilities of
economically viable deposits. Multidisciplinary techniques
are primarily focussed on delineating the geochemical and
geophysical anomalies related to the mineralising processes.
Remote sensing and high resolution satellite data process-
ing technique is adopted to narrow down the target areas.
Geophysical investigations conducted through airborne/heli-
borne methods is validated by ground surveys and subsur-
face exploration. The heliborne geophysical surveys usually
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employ gamma ray spectrometry, magnetic and time domain
electromagnetic (TDEM) methods besides the state-of-the-
art Audio Frequency Magneto Telluric (AFMAG)/Z-TEM
and gravity methods. During ground surveys, presence of
naturally occurring radioactive elements such as uranium,
thorium and potassium is detected and assessed by the appli-
cation of robust radiometric detectors. For identification of
deep seated deposits, indirect methods such as geochemi-
cal and geophysical surveys such as electrical, magnetic,
gravity and electromagnetic are employed to pin-point the
target areas. Systematic sampling by means of pitting/trench-
ing and drilling is carried out to evaluate potential of these
anomalies to assess the subsurface continuity and homoge-
neity of the mineralisation in three dimensions and to assess
its commercial viability. AMD deploys modern hydrostatic
rigs for achieving greater drilling output and quick assess-
ment of the area by sub-surface exploration. AMD’s drilling
productivity has increased manifold during the recent years
and has also become a bench mark for other exploration
agencies in the country.

The multidisciplinary exploration programme of AMD
is ably supported by Geochronology, Stable Isotope,
Petro-mineralogy, XRD, XRF, Electron Microprobe, Min-
eral Technology, Radiometric and Chemical laboratories
equipped with state-of-the-art equipment/instrumenta-
tion like Inductively Coupled Plasma—Mass Spectrometer
(ICP-MS), Induced Coupled Plasma (ICP-AES), X-Ray
Fluorescence (Wavelength and Energy Dispersive), Ther-
mal Ionisation Mass Spectrometer (TIMS), Electron Probe
Micro Analyser (EPMA), Atomic Absorption Spectrometer
(AAS), Isotope Ratio Mass Spectrometer (IRMS), along
with Advanced Research Polarizing Microscope (with image
analysing software systems) and Linkam micro-thermometry
apparatus for petrological and fluid inclusion studies. Phys-
ics Laboratories in AMD are capable of assaying uranium
in geological samples by gamma-ray spectrometer and high
resolution HpGe (High purity germanium) detectors and
several major and trace elements using Instrumental Neu-
tron Activation Analysis (INAA) technique. Radon Measure-
ment System (RMS) is also available for tracing the gaseous
daughter product of uranium. The data accrued from field
and laboratory investigations is managed by dedicated data
centres. On specific request, AMD offers analytical services
to select user agencies.

Uranium investigations

Sustained efforts by AMD over last seven decades has estab-
lished forty seven (47) uranium deposits and several other
uranium occurrences in different parts of the country which
may be related to four (04) major geologic time periods
spanning from 2800 Million years (Ma) to recent favourable

for uranium mineralisation in India. The four major geologic
time periods are:

(i) 2200-2800 Ma: Uranium mineralisations hosted in
Quartz Pebble Conglomerate (QPC) in oxygen poor
atmosphere belong to this period. Indian examples
include those located in greenstone belts of Dharwar,
Aravalli and Singhbhum-Odisha cratons.

(i) 800-2000 Ma: This is the period of major U-metal-
logeny in India. The uranium deposits/occurrences
in Cuddapah Basin, Singhbhum Shear Zone (SSZ),
North Delhi Fold Belt (NDFB), Chhotanagpur
Granite Gneiss Complex (CGGC), Aravalli Fold
Belt, intracratonic basins such as Bhima, Kaladgi,
Vindhyan, Bijawar, Shillong and Chhattisgarh, Crys-
tallines of Himalayas and Kotri—Dongargarh Belt
belong to this period.

(iii) 0.011-540 Ma: Uranium mineralisation associ-
ated with phosphorites and black shales of Krol-Tal
sequence in Lesser Himalaya, the sandstone type ura-
nium deposits/occurrences in Cretaceous Mahadek
basin, Permian-Cretaceous Satpura-Gondwana Basin
and Miocene-Pleistocene sedimentary sequences in
Siwalik Basin belong to this period.

@iv) post 0. 011 Ma: Uranium mineralisation associated
with the Quaternary calcrete/playa in Western India
occurs in this period.

Between 2200 and 2800 Ma, paleoplacer type, mechani-
cally concentrated uraninites, occur in basal pyritiferous
quartz pebble conglomerates of the greenstone belts in
Dharwar, Singhbhum and Aravalli cratons. Post 2200 Ma,
the Great Oxygenation Event (GOE) led to the release of
copious oxidised uranium into geochemical systems. The
period between 2000 and 800 Ma, greatly favoured the
source-mobilization-precipitation trinity essential to form
different type of uranium deposits. Syn-diagenetic uranium
concentration is recorded in dolostones of Vempalle For-
mation in south western part of Cuddapah basin. AMD has
established a large tonnage stratabound carbonate hosted
uranium deposit at Tummalapalle and adjoining areas,
Kadapa district.

In northern part of the Cuddapah basin, soluble uranium
got concentrated along the unconformity between the base-
ment granitoids and overlying Srisailam and Kurnool sedi-
ments to form fracture controlled, epigenetic unconformity
type deposits. Exploration efforts by AMD has established
four (04) sizable unconformity proximal, fracture controlled
uranium deposits in north eastern part of the Cuddapah
Basin at Lambapur, Peddagattu and Chitrial in Telangana
and Koppunuru in Andhra Pradesh.

Polyphase re-mobilisation, metasomatism and mag-
matic/metamorphic fluid activity also led to the formation
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of several hydrothermal vein type epigenetic deposits along
favourable structural zones in the SSZ, Kotri—Dongargarh
belt in central India, albitite line of NDFB in Aravalli cra-
ton and also in Gogi-Kanchankayi areas in Bhima basin.
The SSZ in Jharkhand is a productive uranium province that
hosts fourteen (14) uranium deposits which feed seven (7)
uranium mines at Jaduguda, Bhatin, Narwapahar, Turamdih,
Mahuldih, Bagjata and Banduhurang while two (2) uranium
mills respectively at Jaduguda and Turamdih are in opera-
tion. In western India, two (02) low grade, medium ton-
nage deposit near Rohil and Jahaz areas, Rajasthan has been
established in the NDFB of Aravalli craton. Several promis-
ing new sectors had been identified in the geological con-
tiguity of these deposits. In the southern margin of Bhima
basin, small tonnage, medium grade uranium deposits are
established at Gogi-Kanchankayi, Yadgir district, Karnataka.
Several small and isolated hydrothermal vein type uranium
deposits have been established in varied geological terrains
of India viz., Bodal-Bhandaritola, Jajawal, Dumath-Dhabi
in Kotri-Dongargarh belt, Naktu in CGGC, Umra in Ara-
valli fold belt and Kasha-Kaladi and Tileli deposits in higher
Himalayan crystalline belt.

The Cretaceous period during 65 Ma witnessed the for-
mation of tabular sandstone type uranium deposits in the
Mahadek basin in the NE part of India, where the uranium
released from fertile Neoproterozoic granites got concen-
trated as tabular lodes in carbonaceous matter impregnated
sandstones. Exploration in parts of Meghalaya has estab-
lished several low to medium tonnage Cretaceous sandstone
type uranium deposits. During 65-0.011 Ma, appreciable
uranium concentration is recorded along the contact of mid-
dle and upper Siwalik Group. The last genera of uranium
mobilisation process and concentration (post 0.011 Ma) are
observed in the quaternary calcrete/playa deposits of West-
ern Rajasthan.

Recent exploration activities have been concentrated in
the following brownfield areas:

(1) Cuddapah Basin, Andhra Pradesh and Telangana.

(2) Singhbhum Shear Zone, Jharkhand.

(3) North Delhi Fold Belt, Rajasthan & Haryana.

(4) Bhima Basin, Karnataka.

(5) Chhotanagpur Granite Gneiss Complex, Uttar Pradesh,
Madhya Pradesh and Jharkhand.

(6) Siwalik Group, Himachal Pradesh.

Exploration activities are temporarily suspended in
brownfield areas of Mahadek basin, Meghalaya Srisailam
Basin, Telangana and Papaghani and Kurnool Basins in
Andhra Pradesh due to socio-political issues. Besides,
there are certain potential greenfield areas which are being
developed for uranium resource augmentation viz. Kaladgi
Basin, Karnataka, Aravalli Fold belt, Rajasthan, Vindhyan
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and Bijwar basins, Uttar Pradesh and Madhya Pradesh,
Satpura Gondwana Basin, Madhya Pradesh, Basement for
Cuddapah Basin, Andhra Pradesh, etc.

Beach sand minerals (BSM), thorium
and placer REE investigation

The long coastal stretch of approximately 6000 line km
spread over the states of Odisha, Andhra Pradesh, Tamil
Nadu, Kerala, Karnataka, Maharashtra and parts of Gujarat
are under active exploration for augmentation of deposits
of placers heavy mineral (HM). Besides, there are occur-
rences of xenotime (Y+ REE bearing phosphate mineral)
bearing inland riverine placers in parts of Chhattisgarh
and Jharkhand. The HM placers comprise monazite (Th
+ REE mineral), ilmenite, rutile and leucoxene (titanium
bearing minerals), garnet, sillimanite (industrial minerals)
and zircon (zirconium mineral).

Exploration for beach sand heavy minerals involves
systematic short hole drilling by hand-augers down to
the water table and depth wise sampling up to bed rock.
Till 1980, a type of sludging equipment called ‘Conrod
Bunka’ drill was conventionally used, but later vibro-
coring drills and Dormer drills, made of aluminium rods
were introduced, which are comparatively better in terms
of progress and depth penetration. Recently ‘sonic drill-
ing’ has been initiated in the coastal placer sand deposits
to probe the beach sand heavy mineral concentration up
to a depth of 50m. This effort will substantially augment
the heavy mineral resources of the country. Systematic
exploration of shoreline and inland Teris/Red Sediments
are in progress along the potential beach placer deposits
like Brahmagiri—Bajrakot (Odisha), Narasapur (Andhra
Pradesh) and Chavara (Kerala).

Exploration for rare earth elements
and niobium in hard rocks

Intensified ground surveys, geological mapping and
exploratory drilling have established immense potential
for REE and RM mineralization in the carbonatite com-
plexes of Ambadungar, Panwad—Kanwant (LREE rich) in
Gujarat and per-alkaline granite-rhyolite of Siwana Ring
Complex (HREE rich), Barmer district, Rajasthan. Sub-
stantial resources have been augmented in Ambadungar
Carbonatite complex and several heavy RE enriched REE-
prospects have been identified in parts of Siwana Ring
Complex where exploration is in progress.
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Exploration for rare metals (Nb-Ta, Be
and Li) and xenotime

For rare metals like niobium (Nb), tantalum (Ta), lithium (Li)
and beryllium (Be) exploration activities are concentrated
in pegmatite belts of Odisha, Chhattisgargh and Karnataka.
The in-situ and eluvial soils, derived from the mechanical
weathering of host pegmatites, typically contain rare metal
minerals namely columbite-tantalite (niobium-tantalum),
beryl (beryllium) and spodumene and lepidolite (lithium).
AMD carry out systematic sampling and stockpiling of min-
eral concentrates of Nb—Ta, Be and Li minerals to meet the
requirements of DAE only. Xenotime (Y and REE bearing
phosphate mineral), bearing polymineral concentrate (PMC)
is also being collected by AMD from riverine placers in
Jashpur district, Chhattisgarh.

Resources of atomic minerals in India

e Uranium oxide: The country’s total resources stand
at~4,00,000 tonnes of uranium oxide (as on 01.01.2024).
Deposit type wise, major share of uranium resources
in India are contributed by the following International
Atomic Energy Agency (IAEA) recognized types of ura-
nium deposit:

(i) Carbonate type, low grade-large tonnage
U-deposit in south-western part of Cuddapah
Basin, in Kadapa district, Andhra Pradesh
(~60%)

(i) Cluster of Metamorphite type U-deposits in Sin-
ghbhum Shear Zone, East Singhbhum district,
Jharkhand (23%)

(iii) Sandstone type U-deposits in Mahadek basin,
West Khasi hill district, Meghalaya (6%)

(iv) Proterozoic Unconformity type in north-east-
ern part of Cuddapah Basin, Nalgonda district,
Telangana and Guntur district, Andhra Pradesh
(~5%)

(v) Metasomatite type U-deposits in North Delhi
Fold Belt, Sikar and Jhunjhunu district, Western
India (~4%)

(vi) Granite related type, structure-controlled
U-deposits in Bhima Basin, Yadgiri district,
Karnataka (~2%)

e Beach Sand Heavy Minerals (BSM) resources: The
total BSM resource of the country stand at~ 1277 million
tonne (MT) of BSM resources including ~711 MT ilmen-
ite + leucoxene, ~ 13 MT Monazite (~7 million tonne
REE), ~35 MT rutile, ~37 MT zircon, ~203 MT gar-
net and ~276 MT sillimanite (as on 01.01.2024). These
deposits are located in the beach and inland placers of
Maharashtra, Karnataka, Kerala, Tamil Nadu, Andhra
Pradesh and Odisha; inland placers in parts of Bihar &
West Bengal and Teri red sand in Tamil Nadu.

e Rare Earth and Nb-Oxide in hard rock terrains:
Resources of RE and Nb oxide have been augmented
from carbonatite complexes of Ambadungar (LREE
rich), Gujarat and per-alkaline granite-rhyolite of Siwana
Ring Complex (HREE rich), Rajasthan. The resources
at Ambadungar deposit has been updated to~ 11,20,000
tonne REO and ~ 1,23,000 tonne Nb-oxide and a new
deposit with ~36,900 tonne REO and ~ 3800 tonne Nb-
oxide has been established at Bhatikhera in Siwana Ring
Complex, Rajasthan.

e Mineral concentrates of Columbite-Tantalite (Nb—Ta),
spodumene and lepidolite (Li), and beryl (Be) in the
pegmatites of Jharsuguda district, Odisha and Mandya
district, Karnataka.

e Xenotime (Y and HREE) bearing polymineralic con-
centrate in the riverine placers of Siri River in Jashpur
district, Chhattisgarh and in apatite—magnetite veins at
Kanyaluka, East Singhbhum district, Jharkhand.
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