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EDITOR’S COLUMN 

 
In this volume two papers, one on the coastal zone management and the other on urban geology of 

Bhubaneswar, have found place when there have been several incidences of natural calamity, which are 

caused due to global warming and of course anthropogenic factors. The global warming and related 

changes in the climate pattern have been felt strongly during the last decade with the Chennai floods in 

Dec 2015, coastal erosion near Swargadwar, Puri in August 2016, and Kerala deluge of August 2018. The 

Government of India's laws for environmental protection of the coastal area under the Environment 

(Protection) Act, has been in existence since 1986 followed by the Coastal Regulation Zone (CRZ) by the 

Government of India in 1991. The CRZ Notification does not permit construction along the coastal 

stretches of seas, bays, estuaries, creeks, rivers and backwaters which are influenced by tidal action (in the 

landward side) up to 500 m from the high tide line (HTL) and also imposes several restrictions on setting 

up and expansion of industries. There were varying responses about the restrictions, especially from the 

tourism sector as well as counter reactions from environmentalist and earth scientists. The suggestion 

made by the author is significant. Geo-environmental Mapping is expected to facilitate systematic 

monitoring of changing dynamics of the terrain. But at the same time, it is imperative to work on 

corrective measures to check sea level rise. Beaches are the most unstable land forms and beach erosion is 

part of the coastal processes. It has been happening through all the times. The conflict arises when it is 

confronted with developmental programmes. When beach nourishment is done it is seen that the size of 

the sand introduced in the sediment-starved beach matches the existing texture of the sand grains. If not, 

the hydrodynamics of the beach gets disturbed. If the change in the size of the sand grain can change the 

ecological balance, how can one imagine hard engineering structures to tame the mighty Poseidon’s 

arena? In this respect the approach of the Water Resources Secretary to Government of Odisha to check 

the erosion in Puri through natural process and avoid constructing any structure on the beach seems a 

wise approach.  

The other paper on urban geology of Bhubaneswar has also raised very significant observations on 

current issues. Housing schemes near Koradkanta and Kesara are located on palaeo-channel and partly on 

the agricultural land. The possibility of future revival of the channel is a potential threat to the life and 

properties of the settlement, besides loss of some agricultural land. We must pay heed to the warning bells 

that have been sounded through the water logging in Nayapalli area, due to heavy rainfall on 30 June 

2018. The water logging was caused due to indiscriminate mushrooming of concrete jungle, ignoring the 

geomorphological features and drainage needs of the surface run-off. However, with greeneries on the 

western highland, a major source of water on the east and sandstone plateau in the middle, Bhubaneswar 

has all the necessary parameters of a green city, provided a geoscientific wisdom prevails. We cannot 

agree more with the author that urban agglomeration in the western part of the upland is desirable, with a 

cautious planning though to keep off the drainage even remotely connected, rather than encouraging 

settlement in the flood plains on the eastern fringe of the city, at the cost of valuable agricultural land, 

besides consequential water logging. Let these ideas reach the ground level and not remain confined to 

the pages of geology books and freeze in the library. 

 

Dr. B. M. Faruque 

Editor
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COASTAL ZONE MANAGEMENT IN EASTERN INDIA 

Parthasarathi Chakrabarti 
Chief Scientist (Retd.) 

Department of Science and Technology, Government of West Bengal 

& Former Geologist, Geological Survey of India 

ABSTRACT 
 

The coastal tract, in the eastern part of India covering West Bengal and Odisha, is characterized by the 

presence of four (4) coastal environs, viz. Hooghly Estuary, Balasore-Contai Coastal plain, Baitarani-

Brahmani-Mahanadi Compound Delta and Chilika Lagoon respectively. 

 

The coastal zone management aims to maintain rational balance between the natural eco-system/ 

biodiversity and impact of anthropogenic interventions in the coastal environment. Therefore, a good 

knowledge about the biophysical processes and anthropic influences present in the coastal belt is 

essential for identifying the resulting effects of the key aspects in different sectors of the coast line. 
 

In this respect, the ‘Geo-environmental Mapping’ supported with ‘Spatial Information Technology’ plays 

facilitator role to 

 unravel the impact of anthropic developments on bio-physical environment through space and time 

identifying the factual and functional parameters. 

 frame guidelines for maintaining judicious balance between environment and ‘human capital and 

mobility’ through technological adjustment and social adaptations. 
 

On the subject matter, an elaborate discussion is made in this paper with examples of case histories. 

 

Key words: Coastal zone management, Geo-environmental mapping, Spatial Information Technology. 

INTRODUCTION 

Coastal zone being the interface between land 

and sea is the most dynamic zone and constantly 

shaped by varied interactions of marine (both 

tides and waves), fluvial and aeolian processes. 

The geomorphic set up of the coastal stretch 

largely depends on the interplay between clastic 

sediments introduced from one direction by the 

rivers of variable magnitude and the strength of 

the wave/ tide energy (according to the 

bathymetric configuration/ geological 

characteristics of the Continental Self zone) 

which acts in opposite direction. On the other 

hand, the intertidal flats and wet lands are vital 

for breeding, nursery and feeding areas for the 

majority of marine species. 

In response to that, a good understanding 

between ever changeable landform features and 

related land use/ land cover (i.e. soil-water-

vegetation interrelationships) is very essential to 

maintain the natural eco-system, to the extent 

possible, of the coastal zone as well as marine 

environments, especially when the nature’s own 

built system is largely modified by multifarious 

anthropogenic activities starting from 

controlling fluvial discharge, reclamation of 

coastal low lands and wet lands, destruction of 

mangrove forests, coral reefs etc. and discharge 

of pollutants. 

Such change detection studies require 

continuous monitoring of the coastal landform 

features and the land use/ land cover patterns as 

well as ocean surface for conservation and 
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management of coastal environment including 

mangrove and coral reefs. In this respect, use of 

geo-spatial data provides more subject specific 

updated information to the user in a cost 

effective manner than the traditional approaches. 

India is one among the few countries which is 

effectively using satellite remote sensing 

technology for improving the understanding on 

key aspects of mangrove and coral reefs, two 

important eco-sensitive zones of the coastal 

environment.  

Coastal Environments 

In eastern India, the coastal belt along the states 

of West Bengal and Odisha is marked by the 

presence of four distinct coastal environs viz. 

macrotidal Hooghly estuary, mesotidal Balasore-

Contai Coastal plain, microtidal Mahanadi-

Brahmani-Baitarani delta and lacustrine-barrier 

island environment around Chilika Lake. 

Hooghly estuary 

The macrotidal Hooghly estuary (tidal range > 4 

m) forms the western part of the Ganga- 

Brahmaputra delta, the largest tide-dominated 

delta of the world. The estuarine part of the 

Hooghly river, where combinations of riverine-

tidal-marine forces are active, is the most 

intriguing zone for the study of Quaternary 

processes and events. 

The bell or funnel shaped Hooghly river mouth 

is characterized by a group of islands set in a 

labyrinth of tidal creeks marking their outlines. 

This macrotidal domain with bidirectional tidal 

currents is marked by the presence of ‘sickle- 

shaped’ near offshore configuration with 

partially or totally emerged linear tidal shoals 

(aligned perpendicular to the shoreline) 

separated by intervening swales e.g. Jambudwip 

and Chuksardwip (Photo-1). 

In the estuarine part of the Gangetic delta, rivers 

present are formerly distributaries of the Ganga 

itself. The network is an admixture of ‘re-

joining’ and ‘single’ types (Coleman, 1982). The 

main distributary channels/ rivers from west to 

east are Gabtala river (Hooghly channel), the 

Muriganga river (Bartala river) and the 

Saptamukhi, Thakuran and Matla rivers which 

are essentially tidal channels. All of them 

increase their width exponentially as they 

approach the Bay of Bengal. Between these 

distributaries an anastomosing type of drainage 

pattern is prevailing as exemplified by a number 

of longitudinal and transverse tidal creeks 

segmenting the islands into small units. Many of 

the transverse tidal creeks also connect two 

distributary channels/ creeks. Consequently, tide 

flows into them from both ends – locally known 

as ‘Do-aniya khals’ e.g. ‘Hatalia  Do-aniya’, 

‘Sundaria Do-aniya’ etc. (Chakrabarti & Nag, 

2015). 

Balasore-Contai Coastal plain 

The mesotidal Balsore- Contai Coastal plain is 

characterized by the presence of successive rows 

of dunes (viz. Ancient, Older and Beach front 

dunes) with intervening clayey tidal flats and 

sandy beach ridges; bordered in the south by the 

‘beach-face dune’ and in the north by the 

‘Ancient dune complex’ (comprising brownish 

yellow to yellowish brown oxidized sand). The 

beach ridge is a wedge shaped sandy terrain with 

the widest portion bordering the ‘fluvio-deltaic 

plain’ of Subarnarekha River in the west which 

narrows down in the east (Photo-2). Spatially 

this terrain is sub-parallel to present day 

shoreline and occupies a slightly higher 

elevation than the surrounding ‘clayey tidal flat’ 

terrain (relative height difference: 1 to 3 m). In 

the west, this unit has got reactivated by wind 

action and been transformed into stabilized dune 

ridges with intertidal flats (Chakrabarti, 1991). 
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Photo-1. Macrotidal Hooghly Estuary. HR- Hooghly River; SI- Sagar Island; S- Sunderban 

 

 

Photo 2: Balasore-Contai Coastal Plain (IRS-1D, February, 2002) 

AD: Ancient Dune Complex; BR: Beach Ridge 

The “Digha-Junput Coastal plain” (the eastern 

part of the Balasore-Contai Coastal plain) in 

Purba Midnapore district, West Bengal is 

characterized by the presence of four sectors viz. 
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Digha, Shankarpur/Chandpur, Dadanpatrabar 

and Junput and separated by major tidal creeks 

viz. Ramnagar khal, Jaldha creek and Pichabani 

khal respectively from west to east. 

 

It is worth mentioning here that the beach face 

of Digha-Junput Coastal plain, in general, is 

characterized by about 6 m thick cover of sand 

underlain by intertidal clay deposits in the Digha 

sector which dwindles down to about 1.50 m in 

the Junput sector. This indicates that the 

thickness of sand cover in the beach face is 

thinning out towards Hooghly estuary i.e. from 

west to east. In the rainy season when the impact 

of sediment movement on the beach face is more 

by the tidal /wave action, ‘windows’ of clay i.e. 

‘clay banks’ without mangrove roots get 

exposed from the underneath of sand cover. 

These ‘clay windows’ are rarely seen in the 

Digha and Shankarpur-Tajpur sectors whereas in 

the Dadanpatrabar and Junput sectors these are 

quite common. However, presence of ‘clay 

balls’ are ubiquitous in all the sectors excepting 

Digha sector indicating that ‘clay banks’ are 

exposed in the lower beach face/ low water line 

in other sectors ( Chakrabarti & Nag, 2015). 

 

In comparison to the Hooghly estuary the ‘clay 

windows’ of the Digha-Junput Coastal plain are 

almost devoid of mangrove roots and stumps. 

However, in the Subarnarekha river mouth, 

Odisha, ‘clay windows’ with mangrove roots are 

common. It may be mentioned here that the 

mangrove colonization, in general, depends on 

(a) duration of tidal submergence (b) amount of 

fresh water discharge and (c) presence of clay 

substrate. 

 

The ‘Ancient dune complex’, all along this 

coastal plain (about 10 to 15 km north of the 

present day shoreline) indicates the position of 

the ancient strand line in the area. The C-14 

dating of the sediment (clay) from ‘Ancient 

fluvio-tidal flat’ (5760 ± 140 YBP) bordering 

the ‘Ancient dune complex’ in the south 

confirms that the higher strand line in the post- 

glacial (Holocene) period is at present 

represented by the Ancient dune complex which 

is around 6000 YBP (Goswami & Chakrabarti, 

1989) – the optimum of Flandrian transgression 

(Selby, 1985). The C-14 dating of sediment 

(clay) from Ancient intertidal flat (south of the 

Ancient dune complex) gives an age of 2960 ± 

160 YBP which indicates the first punctuations 

in the regression of Holocene sea in the area 

under reference (Chakrabarti, 1991) – 

comparable to the ‘Meghalayan Age’ of IUGS, 

2018. 

Mahanadi compound delta 

The Mahanadi-Brahmani-Baitarani compound 

delta occupies a vast coastal plain of Odisha 

(Photo-3).This microtidal (tidal range < 2 m) 

delta has an arcuate front built out in an 

environment dominated by relatively strong 

current which has given rise to spits, hooks and 

barrier islands along the present day shoreline; 

the delta plain is characterized by beach-dune 

ridges and swales (Niyogi, 1989). 

Geologically, the Quaternary sediments of the 

delta have been classified into five formations 

(GSI, 2012) viz. Naira, Bolgarh, Kaimundi, 

Bankigarh and Recent formations. A brief 

account of the different formations based on the 

studies made by the Geological Survey of India 

is furnished below: 

Naira Formation: In the upper reaches of the 

Mahanadi, Brahmani and Baitarani rivers the 

sediments of Naira formation is closely 

associated/ interbedded with a chalky white, 

unconsolidated volcanogenic ash bed. Acharya 

and Basu (1993) relate this ash bed to the Toba 

Volcanic Caldera of Indonesia of age 74,000 

YBP and consider it as Youngest Toba Ash 

(YTA). 
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Photo 3: Mahanadi-Brahmani-Baitarani Compound Delta and Chilika Lagoon 

Bolgarh Formation: Comprises varyingly 

lateritised coarse sand, pebble, gravels and 

boulders derived from bedrocks; ferruginous 

residual soil, latosol and hard duricrust are 

typical of the deposits. The coastal equivalents 

of this formation (oldest coastal facies) occur as 

stranded beach ridges of highly oxidized reddish 

brown sands. 

Kaimundi Formation: This formation overlies 

the Bolgarh formation unconformably and 

comprises greenish grey to Khaki-coloured hard 

silt and clay with profuse calcareous concretions 

(caliche/ kankar) and occasional iron nodules 

and is commonly referred to as the ‘Older 

Alluvium’. The coastal facies of this formation 

occur as stabilized dunes, forming linear 

stranded beach ridges of yellowish brown well-

sorted medium to fine sand. Human artifacts 

recovered from cultural mounds indicate a 

Neolithic age (6000 YBP). In addition, C-14 

dating has indicated a maximum age of 5880 ± 

12 YBP (Roy et. al., 1988; Chakrabarty & 

Chattopadhyay, 1989). 

Bankigarh Formation: This formation overlies 

the Kaimundi formation and is subdivided into 

four synchronous facies, viz. alluvial valley 

facies, upper delta facies, lower delta facies and 

younger coastal facies. The upper and lower 

delta facies are best developed in the compound 

delta of Mahanadi. The sediments display 

nominal oxidation implying immature pedogenic 

alteration. The lower delta facies passes seaward 

into their coastal equivalents (Younger Coastal 

Facies), and is represented by yellow, medium to 
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fine sands of the stranded beach-ridge segments. 

Evidences from vertebrate remains and C-14 

dating (1220 ± 18 to 1590 ± 150 YBP) indicate 

Mid- Late Holocene age for this formation 

(Goswami, 1993). 

Recent Formation: Three distinct facies are 

included in this formation, viz. fluvial, fluvio-

tidal (coastal) and lagoonal. The coastal 

equivalents consists of the present day beach 

ridges, spits etc. Microforaminiferal 

assemblages and vertebrate remains in the dune 

sediments indicate Late Holocene age 

(Goswami, 1993). The lagoonal facies is 

represented by the sediments of the Chilika area. 

The Chilika Lake is the largest coastal lagoon in 

India and second largest lagoon in the world and 

it represents a lacustrine and barrier island 

environment. The inlet mouth of the lagoon in 

the sea front (locally known as ‘Magarmukh’) is 

frequently changing its position due to constant 

shift of the sand barrier. In 1973, there were two 

openings and in 1993, only one narrow opening 

was there. It is observed that the inlet mouth of 

the lake is not only unstable but also constantly 

migrates towards north - about 500m between 

September 1990 and May, 1991 (Das, 1994). It 

is interesting to mention here that the longshore 

sediment transport is predominantly towards the 

north even during the NE monsoon period (i.e. 

November to February months) along the sea 

front of Chilika Lake. In 2000, Chilika Lake 

Development Authority took initiative to open 

the inlet mouth of the lake through desiltation 

for maintaining the eco-system. 

The stabilized dunes of the Kaimundi formation 

may be treated equivalent to the ‘Ancient dune 

complex’ of the Balasore-Contai Coastal plain 

and it represents the Holocene marine 

transgression/ Flandrian transgression. In the 

present day scenario, the coastline is advancing 

through a landward accretion of barrier beach 

ridges, perhaps through spasmodic leaps 

punctuated by slow but uniform parallel seaward 

upgradation of beach-berm dune complex giving 

rise to a wide sandy Coastal Zone (Chakrabarty 

& Chattopadhyay, 1986). With the advance of 

the beach front, the lower delta facies is 

overlapping the shoreline facies and is being 

overlapped by the upper delta facies. This 

progradation had been and is still a major and 

continuous event (GSI, 2012). 

Coastal Zone Management: 

In India, the coastal zone management initiated 

with the idea for protection of beaches. The 

official measures came into existence on 27
th
 

November, 1981 when the Prime Minister Smt. 

Indira Gandhi wrote to the Chief Ministers of all 

the Coastal States of India to ensure “…Beaches 

must be kept free from all kinds of artificial 

development. Pollution from industrial and town 

wastes must be also avoided totally.” 

In 1986, the Government of India has issued 

directions for environmental protection of the 

coastal area under the Environment (Protection) 

Act. Subsequently, the Coastal Regulation Zone 

(CRZ) was issued by the Ministry of 

Environment & Forests, Government of India on 

19
th
 December, 1991. The CRZ Notification 

declares “the coastal stretches of seas, bays, 

estuaries, creeks, rivers and backwaters which 

are influenced by tidal action (in the landward 

side) up to 500 m from the High Tide Line 

(HTL) and the land between Low Tide Line 

(LTL) and HTL as Coastal Regulation Zone and 

imposes with effect from the date of the 

Notification”; and also imposes several 

restrictions on setting up and expansion of 

industries, operations or processes etc. There 

were varying responses about the restrictions 

especially from the tourism sector for business 

orientation as well as from environmentalist and 

earth scientists regarding simplification of the 

dynamic and ecologically sensitive zones of 

certain stretches of the Indian coastline. 
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In response to that, the CRZ notification was 

amended in 2005 and 2011 accordingly. In 2005, 

meaning of the HTL was expressed as “the line 

on the land upto which the highest water line 

reaches during the spring tide. The High Tide 

Line shall be demarcated uniformly in all parts 

of the country by the demarcating authority or 

authorities so authorized by the Central Govt.” 

According to CRZ notification 2011, “for the 

purpose of conserving and protecting the coastal 

areas and marine waters” the CRZ areas have 

been classified into five (5) zones. 

 

 CRZ-I 

A. Includes the areas which are ecologically 

sensitive and geological features playing a 

role in maintaining the integrity of the 

coast viz. mangroves, coral reefs and 

associated biodiversity, sand dunes, 

biologically active mud flats, salt 

marshes, sea grass beds, turtle nesting 

grounds, horse shoe crabs habitats, 

nesting grounds of birds, National parks, 

marine parks, sanctuaries, reserved 

forests, wildlife habitats and other 

protected areas under the provision of 

Wildlife (Protection) Act, 1972 and the 

Forest (Protection) Act, 1986,  including 

biosphere reserve as well as 

archaeological importance and heritage 

sites e.g. outer fringe of core Sunderban in 

West Bengal, Bhitarkanika in Odisha. 

B. The area between Low Tide Line and 

High Tide Line (i.e. Intertidal zone) 

 

 CRZ-II 

The areas have already been developed upto 

or close to the shoreline. “Developed area” is 

referred to as that area within the existing 

municipal limits or in other existing legally 

designated urban areas which are 

substantially built-up and has been provided 

with drainage and approach roads and other 

infrastructural facilities such as water supply 

and sewerage mains e.g. Haldia, Digha areas 

of West Bengal. 

 

 CRZ-III 

Areas that are relatively undisturbed and 

those do not belong to either CRZ-I or 

CRZ-II which include coastal zone in the 

rural areas (developed and undeveloped) 

and also areas within municipal limits or 

in other legally designated urban areas, 

which are not substantially built up. 

 

 CRZ-IV 

A. The water area from the Low Tide 

Line (LTL) to 12 nautical miles on the 

seaward side. 

B. Shall include the water area of the tidal 

influenced water body from the mouth 

of the water body at the sea upto the 

influence of tide which is measured as 

five (5) parts per thousand during the 

driest season of the year. 

 

 Areas requiring special consideration 

for the purpose of protecting the critical 

coastal environment and difficulties faced 

by local communities: 

A. (i)  CRZ area falling within 

municipal limits of Greater 

Mumbai; 

(ii) the CRZ areas of Kerala 

including the backwaters and 

backwater islands; 

(iii)  CRZ areas of Goa. 

B. Critically Vulnerable Coastal Areas 

(CVCA) which include the entire 

Sunderban mangrove area, West 

Bengal and other ecologically 

sensitive areas identified as under 

Environment (Protection) Act, 1986 

and managed with the involvement 

of coastal communities including 

fisher-folk, for example, 

Bhitarkanika in Odisha; Vembanad 
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in Kerala; Gulf of Katchchh in 

Gujarat etc. 

 

In the CRZ Notification (2011), the norms for 

regulation of developmental activities, how far 

permissible or not permissible etc. are 

mentioned in detail, especially in the areas i) 

between 500 m from the HTL in the sea front 

and ii) between HTL to 100 m or width of the 

creek whichever is less on the landward side 

along the tidal influenced water bodies that are 

connected to the sea. 

Coastal Zone Management Plan (CZMP) 

The CRZ database may be considered as the 

baseline information for preparing the CZMP for 

the coastal states of the country. The aim of the 

CZMP is to provide a structured framework for 

multifarious infrastructural development of the 

coastal zone of the country; considering the 

locale specific geological/ geomorphological 

characteristics and ecological diversity of the 

concerned coastal stretch, especially, for the 

dwelling unit of the local communities including 

that of the fishermen. The State Government of 

the coastal states will provide necessary 

safeguards for natural disaster to such dwelling 

units of local communities also. It needs to be 

mentioned here that specific guidelines are there 

for preparation of CZMPs as annexed in the 

CRZ Notification, 2011. These are - 

I. Coastal Zone mapping: 

A. Demarcation of High Tide Line. 

B. Preparation of CZM maps (on scale 

1:25,000) 

C. Local level CZM maps in Cadastral 

(village) level (on scale 1:3960/ 4000). 

D. Hazard mapping. 

II. Classification of CRZ areas. 

III. While preparing the CZMPs based on CRZ 

notification 2011, the CZMPs that have 

been approved under the CRZ notification, 

1991 shall be compared and justification 

should be given accordingly in case of 

difference, if any. 

IV. Public Views on the CZMP. 

V. Revision of Coastal Zone Management 

Plans: Coastal zone being dynamic in 

nature, there is provision for revision of the 

CZMP maps or spatial information (on 

scale 1:25,000 / 1:4000) time to time with 

necessary consultation with the National 

Centre for Sustainable Coastal Management 

(NCSCM) and Ministry of Environment 

and Forest & Climate Change 

(MoEF&CC), Government of India 

accordingly. 

Presently, the NCSCM is engaged in preparation 

of the ICZMP (Integrated Coastal Zone 

Management Plan) as pilot scale activities 

covering three coastal sites viz. (i) Gulf of 

Kachchh, Gujrat; (ii) Paradeep to Dhamra and 

Gopalpur to Chilika, Odisha; (iii) Digha to 

Shankarpur and Sagar Island, West Bengal, in 

association with the state level institutions/ 

agencies (NCSCM, 2018). 

It is worth mentioning here that a good 

understanding about the coastal environment 

(nature’s own built-up system) and impact of 

human subsystem is required for preparation of 

CZMP. In this respect, Geo-environmental 

mapping and Beach surveying (using Geospatial 

Technology) may play role of facilitator to 

generate factual and functional data on physical/ 

natural system along with societal interactions in 

‘locale specific’ manner to enrich the CZMP 

database especially for cadastral level planning 

with futuristic approach. 

Geo-environmental Mapping 

Conceptually, the Geo-environmental mapping 

is the spatial representation of the human 

activities (mainly dependent on the socio-

economic condition) on the nature’s own built-

up system (rock/ soil-water-vegetation 

interrelationships) exemplifying the suitability 
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of different terrain units in relation to the 

existing utilization or selective alternate uses i.e, 

sustainable land use planning 

(Chakrabarti,2004). 

Easy-to-understand presentation of data in 

‘environmental mapping’ requires identification 

of Geo-environmental indicators (GEI) and Geo-

environmental units (GEU) in relation to Natural 

system unit (NSU) or Terrain mapping unit (cf. 

Fabbri & Patrono, 1995). 

Geo-environmental indicator (GEI): ‘Process 

sensitive and easy-to-measure’ physico-chemical 

characteristics of the dynamic earth which help 

in identifying the various geomorphic 

environment in human orientation through space 

and time (cf. Cavallin et. al, 1995) are of two 

types - 

 Qualitative indicators which identify the 

specific characteristics of landform unit(s) in 

terms of spatial change detection e.g. bank 

line shifting of a river or shore line changes, 

landslide/ soil erosion/ flood prone areas etc. 

 

 Quantitative indicators which are 

supplementary to Qualitative indicators. 

Numerical attributes related to change 

detection generated through insitu/ 

conventional measurements are of basic 

importance e.g. round the year beach 

profiling data to specify the zone of erosion 

or accretion; the mass balance study of 

glaciers over a period of time to measure the 

health of the glacier; sediment monitoring 

station to generate data on soil erosion; 

measurement of fragmentation status, 

disturbance index, biological richness of 

forest; depth to water level monitoring for 

seasonal variation study; chemical analysis of 

water in identifying the quality of water etc. 

Geo-environmental Unit (GEU): Spatial 

database with certain entity/ boundary as defined 

by GEI. A Geo-environmental unit may contain 

one or more TMU (Meijrink, 1988) or NSU and 

vice-versa (Chakrabarti,2015). For example - 

 In the Midnapore Coastal Plain, West 

Bengal, active erosional regime is 

prevailing in the ‘Beach-face Dune 

Complex’ (BDC) zone of Digha-

Shankarpur-Mandarboni area (of about 20 

km stretch); whereas, accretional regime is 

present in the same ‘Beach-face Dune 

Complex’ zone in the eastern part (for a 

stretch of about 25 km) between 

Dadanpatrabar-Junput area (Chakrabarti, 

1991, 1995; Chakrabarti & Nag, 2015). In 

both the cases, the terrain unit is same but 

two GEU may be identified based on the 

prevailing erosional and accretional 

environment as GEI. 

 

TMU 

(Terrain mapping 

unit) 

GEU 

(Geo-

environmental 

unit) 

 

Beach-face Dune 

Complex (BDC) 

Erosional BDC zone 

 

Accretional BDC 

zone 

 

Accordingly, the land use/ land cover 

(LULC)/ environmental management 

programme will be different for the two 

sectors considering the process 

sensitivity. 

 

 In Jambudwip, a tidal shoal in the 

Hooghly estuary, mangrove forest 

covering two TMUs viz. Mangrove 

Swamp and Supra-tidal Core zone. Both 

the units are fast deteriorating due to 

human interactions. In this case, 

‘Mangrove Forest zone’ may be 

identified as a GEU considering the 

geomorphic environment (as GEI) 
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challenged by anthropogenic activities 

(Chakrabarti, 2010) to safeguard the 

eco-system. 

 

TMU GEU 

Supra-tidal core 

zone 

 

Mangrove Forest 

zone Mangrove Swamp 

 

 The ‘Tidal flat’ terrain unit is the 

playground of the tidal waves and 

constitutes a very specific eco-system 

but in general, is being used for salt pans 

or prawn cultivation/ fish farming. In 

GEM orientation, two GEU can be 

identified for this terrain unit taking into 

consideration of GEI as ‘human 

interaction’. These are a) Tidal flat with 

anthropogenic intervention and b) Tidal 

flat eco-system. 

Beach Surveying 

Beach surveying – the short term process-

response system analysis involves round the 

year monitoring of the micro-level 

morphological changes caused by the processes 

in operation in the beach-shore zone through (i) 

repeated survey profiling, (ii) seasonal 

geomorphic mapping, (iii) sedimentological 

analysis and (iv) sediment budgeting. 

Repeated Survey Profiling 

The technique, by which the relative mobility of 

sediments in the beaches in time and space can 

be assessed, is beach profiling (King, 1972). 

This involves repeated study of Ground Reduced 

Level (GRL) on specific lunar days (e.g. each 

spring and neap tide days) along a series of 

selected profiles perpendicular to the shore line 

(covering the entire beach). The profiles selected 

along the beach under survey are straight lines 

with fixed survey stations (may be wooden/ 

concrete pillars) and are bordered in the land 

direction by the beach front dune complex. 

These pillars should be connected with known 

available Survey of India Bench Marks (B.M.). 

The R.L. values of the station, thus determined, 

serve as permanent reference data. The GRL 

values of the different stations of the beach face 

along profile lines were measured in each spring 

and neap tide days by ‘levelling instruments’ 

round the year for a minimum of three or more 

consecutive years. The data thus collected could 

be used for preparation of “At-A-Station 

Variation in R.L.” on the Beach Face along 

profiles to quantify the sand movement as well 

as micro- relief variations on the beach face 

seasonally in easy to understand way. 

Seasonal Geomorphic Mapping 

The mobility of the beach sediments due to 

dynamic interactions of the various processes, as 

mentioned earlier, is also causing change in the 

‘plan forms’ of the beach-dune complex zone. 

The seasonal geomorphic mapping (on scale 

1:5000/ 2000) reveals such micro changes in 

different seasons of the year viz. Winter 

(December to January), Summer (April to June) 

and Rainy/ Monsoon (July to September) along 

with the change in high water line (HWL) and 

low water line (LWL). Comparative study of the 

spatial data, so generated, with the Survey of 

India toposheets of earlier editions/ satellite 

images provide indications of shifting of the 

shoreline through space and time. It is wise to 

carry out such mapping with the aid of 

theodolite survey for two (or more) consecutive 

years. 

It may added here that dune migration is 

common phenomena in the erosional sandy 

beach. So, to quantify the rate of dune migration 

the beach profiles could be extended in the 

landward side of the dune as per requirement 

and necessary studies may be carried out 

accordingly. 
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Sedimentological Analyses 

The sedimentological analyses include 

structural, grain size parameters and 

mineralogical studies of the coastal sediments 

especially for the sandy terrain units, which may 

be considered to be the best means of 

distinguishing the micro-level differences in 

environment of deposition and provenance 

study. The heavy mineral analysis of the beach 

sand is an essential prerequisite in determining 

the littoral current effects on the area of interest. 

In general, for grain size/ mineralogical studies 

one may collect the samples upto 2 cm depth to 

find out the seasonal variation. However, 

undisturbed core samples can be collected (using 

Hand Auger) from more depth as per user 

orientation in order to find out any variation 

through time and space. 

Sediment budgeting of beach face 

A beach budget can be calculated from the 

knowledge of sediment sources and losses. For 

the purpose, repeated beach profiling data could 

be used as per the requirement of the user. 

i) At-a-station variation in GRL along the 

profiles on the beaches reveals the 

sediment movement characteristics in 

different seasons as well as total gain or 

loss of materials along the profiles. 

ii) Short term (seasonal) micro-level 

changes, for example, the change in 

gradient and the width of the beach face 

along profiles, reflect on the sediment 

movements in terms of erosion or 

deposition. 

iii) Analysis of seasonal and annual nature 

of sediment movement can be estimated 

from ‘trend surface map’ using the 

beach survey data (both seasonal 

geomorphic mapping and repeated 

survey profiling data) on unit area basis 

as per requirements. 

It is worth mentioning here that beach surveying 

technique was initiated by the Geological 

Survey of India (Eastern Region) in 1984 

covering part of the Hooghly Esturary 

(Fraserganj- Bakkhali and Sagar Island, South 

24 Parganas district, West Bengal). 

Subsequently, the same technique was carried 

out in the Midnapore Coastal Plain (Digha-

Junput area, Purba Medinipore district, West 

Bengal) since 1986 under IGCP-218 

Programme. At that time, several 80 to 90 cm 

cement/ wooden pillars are probed into the 

beach along the profile lines which serve as 

permanent survey station for GRL 

measurements. These pillars are connected with 

known Survey of India Bench Mark (BM) 

present in the area under study. The R.L. values 

of these stations, thus determined, serve as 

permanent reference data. The GRL values of 

the different stations of the beach face along 

profile lines were measured in each spring and 

neap tide days by ‘levelling instrument’ round 

the year for years together. Similarly, the 

geomorphic mapping was carried out in different 

seasons along with collection of sediments from 

the ‘beach face-dune complex’ for 

sedimentological analysis  (Chakrabarti, 1991).  

Spatial Information Technology for CZMP 

The ‘Space Information Technology’ may be 

defined as the ‘geo-information’ provided by 

the satellites which includes both Earth 

Observation Satellites (EOS) and 

communication/ meteorological satellites along 

with Global Navigational Satellite System 

(GNSS), whereas the ‘Spatial Information 

Technology’ can be defined as the technique by 

which integration and analysis of spatial data 

with the a spatial/ non-spatial data (i.e. attribute 

data) are carried out on GIS (Geographical 

Information System) platform in user 

orientation (Chakrabarti, 2014). It is worth 

mentioning here that GIS allows people to 

analyse problems with individual thinking in 
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different way with geographical representation 

of reality/ real world scenario. GIS is a tool to 

facilitate the convergence of two or more spatial 

data layers and non-spatial/ attribute data to 

conclude on application specific ‘pragmatic/ 

strategic dataset’ which could be utilized for - 

 Technological adjustment by the 

Technical Departments with 

applications of S & T inputs. 

 Societal perspective by involving 

community i.e. peoples’ participation 

through awareness programmes etc. 

Interpretation of RS data 

Remote sensing data is the core of GIS. So, RS 

data interpretation should be carried out very 

accurately in accordance with the real world, 

then only pragmatic conclusion could be 

obtained. In this respect, one should choose what 

type of interpretation techniques to be taken into 

consideration for the work envisaged. 

In visual/ analog interpretation technique the 

terrain units are identified based on the image 

interpretation elements and terrain parameters 

where intelligence, capacity, experience and 

local knowledge of the interpreter play very 

important role. 

Digital interpretation is based mainly on set 

theories and takes care only of ‘tone’ without 

considering other image interpretation elements. 

So, the similar spectral responses from different 

objects and dissimilar spectral responses from 

similar objects cause spectral confusion leading 

to misinterpretation. 

The ‘on-screen’ interpretation technique may 

be considered as the combination of visual and 

digital techniques. In on-screen interpretation 

procedure the input satellite data in digital 

format (as FCC) is being displayed to a screen of 

the computer system and the identification of 

features can be done using image interpretation 

techniques as done in case of visual 

interpretation with hard copy. The advantage 

with on-screen interpretation and mapping is 

that the smaller parcels as in our country can be 

viewed with ‘zooming-in’ approach. Some of 

the features can also be discriminated easily 

using individual band data as well as from multi-

seasonal / time sequential data. It may be 

mentioned here that the on-screen interpretation 

technique is similar to the visual interpretation 

procedure; however, the errors which normally 

creep-in during the creation of vector data from 

tracing film drawings by digitization could be 

avoided. In addition, directly digital data can 

also be created simultaneously while interpreting 

the image thereby saving time. 

Finally, it is being suggested that one can start 

with visual interpretation of multi-seasonal/ time 

sequential geo-referenced scenes and go for on-

screen interpretation with subsequent ground 

validation for providing high quality output. 

Conclusion 

The Integrated Coastal Zone Management 

(ICZM) approach aims at balanced development 

of the coastal zone with protection of ecological 

and cultural environments along with traditional 

rights of the dwellers. The CRZ notification 

being a purely regulatory one, could not 

converge all the aspects for developmental 

activities; rather fragmented policies and 

incomplete institutional framework lead to 

violation of the notification for short term 

benefits showcasing apparent socio-economic 

development without considering ecological 

environment. 

In this context, Geo-environmental Mapping 

(GEM) is likely to facilitate systematic 

monitoring of changing dynamics of the terrain 

in respect to LULC for enabling people with 

‘informed participation’ in decision making for 

environmentally sound land use/ land cover 

practices as well as biodiversity characterization 
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at landscape level (BCLL) towards sustainable 

coastal zone management. 

Recent advancement of the ‘Space Information 

Technology’ has offered new opportunities for 

spatial monitoring of key attributes of coastal 

ecosystem vis-a-vis anthropogenic activities. 

Conjunctive use of GIS leads to identify the 

alternative land use practices for future 

conservation of basic natural resources in the 

context of protecting the ecosystem relatively 

rich in biological diversity. 
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ABSTRACT 

 

Bioharvesting of metals from high biomass crops grown in soil substrates, particularly those 

associated with sub-economic mineralization, is termed phytomining. Phytomining using 

hyperaccumulator plants has a tremendous potential to extract valuable metals from low-grade ore 

body or mineralized soil which are generated by mining operation. It is a recent more advanced 

technology of phytoremediation to produce low volume, sulphide-free ‘bio-ore’, which can be safely 

disposed off or, if the target metal has sufficient economic value, smelted, and recovered. This 

technique has potential application in the mineral industry to return an economic profit by 

commercial production of metals via cropping. Numerous sites across the globe are enriched with 

metals that could be phytomined. For example, Streptanthus polygaloides has been successfully used 

in USA to produce bio-ore having concentration of 1% Ni in dry biomass growing over soil having 

0.35% Ni. Induced hyperaccumulation, alternatively, could be used to take up precious and non-

essential metals passively. Brassica juncea (Indian mustard) yeilded as much as 57 mg/kg of Au in the 

ash after 3 weeks of thiocyanide treatment over a tailing containing 5 mg/kg of gold. In recent years 

major scientific progress has been made in understanding the potential for application of this 

herbage-based technique in the mining industry to develop a good relationship between the industry 

and community. This paper reviews various aspects of phytomining along with the advantage, 

limitations, and future feasibility of the technology. 

 

Key Words: phytomining, hyperaccumulator, overburden, bio-ore 

 

Introduction 

 

Commercial mining of metals is usually 

performed from ores that have a high 

concentration of target metals (above the cut-

off grade) and require huge capital investment. 

Ore bodies of this nature occur only in small 

localized areas and are being exhausted due to 

expanding economy. Sub- or low grade ore 

occupies much larger area and percentage of 

metal is well below the metal content required 

to be economically extracted and smelted by 

conventional techniques. Increased 

understanding of the role of metal extracting 

plants in circulation of minerals in biosphere 

has made them important biotechnological 

tools in mining process from low-grade ores. 

 

Plants have shown several response patterns to 

the presence of high metal concentration in 

soils. Most are sensitive to high metal 

concentrations; others have developed 

resistance and tolerance by sequestering them 

in vacuoles of cells. In Sequestration, metal/ 

metal-ligand is transported across vacuolar 

membrane to be accumulated inside vacuole in 

such a manner that it remains there, without 

disturbing the cellular metabolism process. 

Many species accumulate metals in roots and 

above ground tissues such as shoot, flower, 

mailto:gnpujari@gmail.com
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stem, and leaves by cell wall binding or 

vacuole sequestration (Barcelo et al., 1994). 

The technique of phytomining involves the use 

of hyperaccumulator plants to grow and 

concentrate a metal. Hyperaccumulator plants 

were originally defined by Brooks et al. (1977) 

as taxa containing >1000 mg/kg (ppm) Ni in 

their dry biomass, growing over Ni-rich 

ultramafic (‘serpentine') soils. The term 

hyperaccumulator was later redefined to 

include uptake by plants of most other heavy 

metals except for Cd (at a threshold of 100 

mg/kg - Reeves et al., 1995), Mn and Zn (at 

10,000 mg/kg - Reeves and Brooks, 1983), and 

Au (at 1 mg/kg - Anderson et al., 1998). 

There are about 318 Ni-hyperaccumulator 

species, 26 of Co, 24 of Cu, 19 of Se, 16 of Zn, 

11 of Mn, 2 of Tl and one of Cd (Table 1). In 

New Caledonia 65 hyperaccumulator plants 

have been found (Jaffré et al., 2013), 130 from 

Cuba (Reeves et al., 1996) and 59 from Turkey 

(Reeves and Adigüzel, 2008) with smaller 

number from Brazil, Malaysia, Indonesia, the 

Philippines and several other countries 

(Reeves, 2003; Reeves et al., 2007; van der Ent 

et al., 2015a). Use of hyperaccumulator species 

for phytomining was first suggested by Chaney 

(1983). A phytomining operation would entail 

planting a hyperaccumulator crop over a low-

grade ore body or mineralized soil, followed 

by harvesting and incineration of the biomass 

to produce a commercial bio-ore. 

The first field trials on Ni phytomining in 1994 

were based at the US Bureau of Mines, Reno, 

Nevada (Nicks and Chambers, 1995 and 1998) 

and used a naturally occurring stand of 

Streptanthus polygaloides (Fig. 1), a known 

Ni-hyperaccumulator (Reeves et al., 1981). 

The soil contained about 0.35% Ni, well below 

the economic range for conventional mining. 

Nicks and Chambers (1995, 1998) proposed 

that a net return to the grower of $ US 513/ha 

could be achieved, assuming that: (1) a 

minimum of selective breeding produced 

plants with 1% Ni in dry mass; (2) the world 

price of Ni was $ US 7.65/kg; (3) the biomass 

yield after moderate fertilization was 10 t/ha; 

(4) a quarter of the energy of combustion of 

the biomass could be turned into electricity for 

a yield of $ US 131/ha; (5) the return to the 

grower would be half of the gross yield of $ 

US 765 for the metal plus the energy yield of $ 

US 131. This compares well with the average 

returns from other crops - for example, it is 

well in excess of the average return of $ US 

333/ha (including $ US 111 for wheat straw) 

obtained by US wheat farmers in 1995. 

  

 

 

 

  

Fig. 1. A crop of Streptanthus polygaloides 

(nickel hyperaccumulator plants) growing in 

California. (Photo by Larry Nicks and 

Michael Chambers.) 

http://www.sciencedirect.com/#b1
http://www.sciencedirect.com/#b2
http://www.sciencedirect.com/#b3
http://www.sciencedirect.com/#b4
http://www.sciencedirect.com/#tbl1
http://www.sciencedirect.com/#b5
http://www.sciencedirect.com/#b5
http://www.sciencedirect.com/#b8
http://www.sciencedirect.com/#figFig.1
http://www.sciencedirect.com/#b10
http://www.sciencedirect.com/#b8
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Table 1. Specific hyperaccumulators (natural and induced) that could be used for phytomining 

Element Species Mean metal conc. 

(mg/kg d.w.) 

Biomass 

(t/ha) 

Cadmium Thlaspi caerulescens 3,000 (1) 4 

Cobalt Haumaniastrum roberti 10,200 (1) 4 

Copper Haumaniastrum katangense 8,356 (1) 5 

Gold
a
 Brassica juncea 10 (0.001) 20 

Lead Thalaspi rotundifolium subsp. 8,200 (5) 4 

Manganese Macadamia neurophylla 55,000 (4,000) 30 

Nickel Alyssum bertolonii 13,400 (2) 9 

 Berkheya coddii 17,000 (2) 22 

Selenium Astragalus pattersoni 6,000 (1) 5 

Thallium Biscutella laevigata 13,768 (1) 4 

 Iberis intermedia 4, 055 (1) 10 

Uranium Atriplex confertifolia 100 (0.5) 10 

Zinc Thlaspi calaminare 10,000 (100) 4 

 

d.w. = dry weight 
a 
 Induced hyperaccumulation using ammonium thiocyanate 

NB: values in parentheses are mean concentrations usually found in non-accumulator plants 

Alyssum bertolonii (Fig. 2), the first plant 

species identified as a hyperaccumulator of Ni 

(Minguzzi and Vergnano, 1948) was used in 

the second phytomining field trials (Robinson 

et al., 1997a) in Italy at Murlo, Tuscany. Plants 

were fertilized with N + P + K combinations 

over a two-year period. A threefold increase of 

the biomass of dry matter to 9.0 t/ha was 

gained with N + P + K without dilution of the 

unfertilized Ni concentration. A Ni level of 

0.8% in dry matter (11% in ash), equated to a 

yield of 72 kg of Ni/ha. There was no 

correlation between the age of a plant and its 

Ni content. The long-term cropping 

sustainability of the soils was simulated by 

sequential extractions with potassium 

hydrogen phthalate solutions at pH 2, 4 and 6 

(Robinson et al., 1999) that showed a limiting 

plant-available Ni concentration of 768 mg/kg. 

Thus, seven croppings would reduce the plant-

available Ni pool by 30%. A proposed model 

for phytomining (Robinson et al., 1997a) 

involved harvesting the crop after 12 months 

and burning the material to produce a sulphur-

free bio-ore with about 11% Ni. 

   

 

 

 

 

The third recorded phytomining field trials for 

Ni used the South African Ni-

hyperaccumulator Berkheya coddii (Robinson 

et al., 1997b). Field trials in New Zealand 

showed that a dry biomass of 22 t/ha could be 

Fig. 2. Alyssum bertolonii - a nickel 

hyperaccumulator from Tuscany, Italy. The 

dried leaves contain on an average about 1% 

(10,000 mg/kg) nickel. 

http://www.sciencedirect.com/#figFig.2
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achieved after moderate fertilization (N + P + 

K). Pot trials showed enhanced biomass and 

relatively higher uptake of Ni with increasing 

nitrogen addition, but no increase was noted 

with phosphorus. The Ni content of the plant 

was directly related to the ammonium-acetate-

extractable fraction of Ni in a wide range of 

natural and artificial substrates. Excision of 

shoots induced a dramatic increase in the Ni 

content in the new growth (5500 mg/kg 

compared with 1800 mg/kg Ni). When plants 

were grown in pots with Ni added to the 

substrate (0–1%), Ni concentrations in the 

plants rose to a maximum value of about 

10,000 mg/kg (1%) dry mass. The data from 

this last experiment were used to calculate the 

probable Ni yield (kg/ha) of plants grown in 

Ni-rich soils in different parts of the world, 

assuming non-limiting soil moisture. 

Moderately contaminated soils (100 mg/kg Ni) 

could be phytoremediated with only two crops 

of Berkheya coddii. The potential of this 

species for phytomining was also evaluated 

and it was proposed that a yield of 100 kg/ha 

of Ni should be achievable at many sites 

worldwide with applied fertilizer and adequate 

moisture. 

Factors affecting Phytomining 

Phytomining is climate and season dependent, 

limited by biogeochemical factors viz. pH and 

solubility and availability of the metals in the 

soils, rhizobiological activity, root exudates, 

temperature and moisture (Ghosh and Singh, 

2005). Soil pH affects the solubility of trace 

elements, hence it is a major factor influencing 

the bioavailability of elements in the soil for 

plant uptake. Hornburg and Brummer (1993) 

reported that as the pH decreased below 6.5 

and 5.3, the proportions of soluble content of 

Cd and Zn increases. Similarly when pH 

decreased below 4.5 and 3.5 the solubility of 

Cu and Pb also increased. However the 

mobility of arsenic decreases with decreasing 

pH (Irgolic, 1994). Acidification of the 

rhizosphere and exudation of carboxylate are 

considered potential targets for enhancing 

metal accumulation. Secretion of H
+
 by roots 

could acidify the rhizosphere and increase the 

metal dissolution. The proton extrusion of the 

roots is operated by plasma-membrane H
+ 

ATPase and H
+ 

 pumps (Ghosh and Singh, 

2005). Rhizosphere is populated by large 

concentrations of micro-organisms which 

mainly consist of bacteria and mycorrhizal 

fungi. These root-colonizing bacteria and 

mycorrhiza have been shown to catalyze redox 

transformations leading to increase soil metal 

bioavailability (Idris et al., 2004; Chen et al., 

2005). 

Plant roots secrete various ligands such as 

organic acids (melonic and oxalic acids), metal 

chelating compounds (phytosiderophores), and 

enzymes (reductase). These act as chelating 

agents and enhance metal desorption from soil 

thus increasing the bioavailability of metals in 

the soil solution and a greater accumulation in 

plants (Ma et al., 2001; Callahan et al., 2006). 

Phytomining for gold 

The discussion so far has centered around the 

use of natural hyperaccumulators for 

phytomining. An alternative strategy uses 

induced hyperaccumulation whereby plants are 

induced to take up metals by dissolving them 

in the soil solution and allowing them to be 

taken up passively. This approach has been 

developed commercially for phytoremediating 

soils contaminated with heavy metals such as 

lead. EDTA is applied to the soil to dissolve 

Pb (Blaylock et al., 1997). Numerous plant 

species can attain concentration levels, as high 

as 1% in the dry tissue using this technique. 

An analogous approach used by Anderson et 

http://www.sciencedirect.com/#b22
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al. (1998) described induced 

hyperaccumulation of Au for phytomining. 

Anderson et al. (1998) compared several 

auriferous substrates and their degree of 

extractable metal. The material with the 

greatest relative degree of extractable Au was 

acidic sulphide mine tailings. This material had 

the lowest total metal but contained heavily 

weathered residual Au. Reduced sulphide ore 

had the highest total Au content but very little 

extractable metal. 

An artificial, finely disseminated Au ore (5 

mg/kg) was also prepared to reduce 

background variability in glasshouse 

experiments. Brassica juncea was chosen for a 

series of pot trials because of its high biomass 

and rapid growth rate. After approximately 3 

weeks growth in pots of different auriferous 

substrates, the growth media were treated with 

0 to 0.62 g/kg ammonium thiocyanate. The 

above-ground parts of each plant were 

harvested a week later, dried and ashed at 

550°C. The ash was digested in aqua regia 

before analysis by graphite furnace atomic 

absorption spectroscopy. Hyperaccumulation 

of Au was achieved above a thiocyanate 

treatment level of 0.16 g/kg with a maximum 

individual value of 57 mg/kg Au. The values 

overall were very variable, probably because 

of the dichotomy of variable rate of plant death 

and the consequent variation of allowable time 

for Au uptake. A similar experiment grew 

Brassica juncea in a medium containing 5 

mg/kg Au prepared from finely powdered 

native Au (44 μm) and treated with ammonium 

thiocyanate at an application rate of 0.25 g/kg. 

The average Au in leaves compared well with 

that of the finely disseminated Au experiment. 

Phytomining could be used to extract Au from 

tailings areas that contain concentrations of Au 

at a level uneconomic for conventional 

extraction techniques. In the initial stages of a 

revegetation program, phytomining could also 

be used to extract Au from low-grade ore that 

many mining companies stockpile against 

expected increases in the gold price. 

Conclusions 

 

Extraction of metals from conventional mining 

is limited to the proved category of reserve 

which are rapidly depleting. The technique of 

Phytomining using hyperaccumulator plants 

has a tremendous potential to extract valuable 

metals from low-grade ore body or mineralized 

soil which are generated by mining operation. 

The economics of phytomining basically 

depends on the metal content in the soil, metal 

uptake by plants, plant biomass and most 

accumulators having concentration of 1% Ni in 

dry biomass growing over soil having 0.35% 

Ni. It is estimated that growing of Ni 

hyperaccumulator will bring profit to farmers, 

better than other crops. Fertilizers like N + P + 

K combinations has helped in the increase of 

the yield of biomass production as has been 

experimented in Italy and New Zealand. The 

Ni hyperaccumulator species naturally 

occurring in South Africa “Berkheya coddii” 

has a phytomining potential of 100 kg/ha when 

cropped over moderately contaminated soils 

(100 mg/kg Ni) at many sites worldwide with 

applied fertilizer and adequate moisture. 

Biogeochemical factors viz. pH; solubility and 

availability of the metals in the soils, 

rhizobiological activity, root exudates and 

temperature affect the plant metal 

concentrations. Induced hyperaccumulation, 

alternatively could be used to take up precious 

and non-essential metals passively. Numerous 

plant species can attain concentration levels as 

high as 1% in the dry tissue using this 

technique. The material with the greatest 

http://www.sciencedirect.com/#b4
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relative degree of extractable Au was acidic 

sulphide mine tailings. Gold, as much as 57 

mg/kg has been detected in the ash of Brassica 

juncea (Indian mustard) after 3 weeks of 

growth after thiocyanide treatment. The tailing 

contained 5 mg/ kg of gold. Phytomining can 

be developed into a new approach to mining 

for limited specific metals without disturbing 

the ecology. 
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ABSTRACT 

Original layout of Bhubaneswar capital was drawn by Dr. Otto H. Keenigsberger in 1954 on the basis of 

neighbourhood unit planning for rural and urban co-existence for a limited area and population. The 

present configuration of Bhubaneswar City encompasses a part of vast tract of Kuakhai-Bhargavi-Daya 

flood plain in the east and south east and the highland to the west. The terrain has a gentle slope to east 

and south east. Since its establishment as capital of modern Odisha, some degree of obliteration of the 

topography has taken place due to human activity. The present township area, based on topography, can 

be divided into five units. These are: Eastern Flood Plain, Laterite upland, Axial highland, Western Flat 

and Western Highland. Bhubaneswar city falls within two tectonic domains. The major part of the area 

falling to the north of east-west lineament south of Sisupalgarh constitute the Gondwana graben. To the 

south of the boundary fault lies the Eastern Ghats Domain represented by Khondalite hill at Dhauligiri 

showing an East-West strike trend with steep northerly dip. The distributaries of Mahanadi fringe the 

city’s eastern part of which Kuakhai river covers the most part starting near Trisulia. The drainage of the 

city can be described as a radial pattern. Since fallow land is available in the western part of greater 

Bhubaneswar, the same may be used for settlements rather than the agricultural land within the flood 

plain. About 100 m laterally from the canal course, the seepage is seen as spreading sheet of water. 

Within the flood plain the canal network is a boon to agriculture. Its faulty constructions, however, has 

resulted in extensive seepage into the agricultural lands. Destruction of agricultural land is caused due to 

establishment of brick kilns. The land is dug up for silt. The burnt ash and ‘refuse bricks’ are dumped at 

site. There is a development of swampy tract between Bhatparha (Vatpada) and Shameigarhia 

(Somyegadia) due to destruction of natural gradient by siltation. Housing scheme near Koradkanta and 

Kesara is located on a palaeochannel and partly on the agricultural land. 

Key words: Geomorphology, drainage, hydrogeology, rain harvest. 

INTRODUCTION 

The capital city of Bhubaneswar is poised for a 

leap forward in its all round growth during the 

third decade of the 21st century. With an area of 

16.84 sq km the foundation of the capital city 

was laid on 13
th
 April 1948. Original layout was 

drawn by Dr. Otto H. Keenigsberger in 1954 on 

the basis of neighbourhood unit planning for 

rural and urban co-existence for a limited area 

and population. With slow pace of growth in the 

sixties the city’s sprawl reached 333.68 sq km of 

urbanised area by 1972. However, in the eighties 

and nineties Bhubaneswar registered a rapid 

growth which was not in proportion to the 

available infrastructure and resources. 

Since no systematic appraisal of the Urban 

Geology was done till then for the city, user-

oriented data is not available for future planning 

of the capital. 

The objective of the study was to provide the 

users the data base for the protracted expansion 

of the city which is now earmarked for 

becoming one of the smart cities of modern 

India. 
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Area of study 

The Capital city with an average RL of 46 m 

forms a part of Khordha district. The existing 

Master Plan area of the city is bounded by North 

latitudes 20° 11’ 35” and 20° 24’ 20” and East 

longitudes 85° 55’ 00” and 84° 58’ 55” covering 

an area of 255 sq. km (1997). The 1650 km long 

NH-16 between Kolkata and Chennai passes 

through Bhubaneswar touching a number of 

urban places like Kharagpur, Balasore, Cuttack, 

Berhampur, Visakhapatnam etc. Kolkata being 

the nearest metropolis has got the maximum 

impact on the geo-economy and the socio-

political aspects of Bhubaneswar because of its 

geographical proximity, traditional and cultural 

linkage. 

Geology 

Bhubaneswar township is located on the west of 

Kuakhai river. The main township has spread 

over the basement of Gondwana. The eastern 

and southern part of the urban area expose 

younger Quaternary formations while south of 

Daya river the Dhauligiri forms an inlier 

exposing the oldest Precambrian. The 

generalized stratigraphic sequence of 

Bhubaneswar is as follows. 

_____________________________________________________________________________________

Eastern Ghats Super Group 

The Dhauligiri inlier in the southeastern most 

part of the city limit, on the eastern bank of 

Daya river is the only representative of Eastern 

Ghats rocks within Bhubaneswar. The residual 

hill exposes quartz-garnet-sillimanite-biotite 

gneiss and quartzite with ENE-WSW foliation 

trend dipping steeply towards north. The rock 

consists of quartz, feldspar, garnet, sillimanite 

and biotite minerals in the decreasing order of 

abundance. These are intruded by younger 

quartz veins. 

Upper Gondwana 

The Gondwana rocks which form the basement 

of the city is exposed in the western part of the 

city. It is represented by the Athgarh Sandstone 

of Upper Gondwana outcropping mainly along 

two NNE-SSW linear zones between 

Khandagiri-Sikharchandi and Paikarapur-

Chandaka detached hillocks. The valley in 

between are soil covered tracts. The sandstone is 

medium to coarse grained, greyish to white in 

colour and consisting of quartz, feldspar and 

muscovite. At places it is gritty to pebbly in 

nature and the sandstone is ferruginous in nature 

Quaternary 

Recent flood plain deposits 

(Late Holocene to Present)  

Sand, sandy silt 

Bankigarh Formation 

(Middle to Late Holocene) 

Sandy silt, silt and clay 

Bolgarh Formation 

(Early to Middle Pleistocene) 

Secondary Laterite and Pebble bed 

------------------------------------------------------Unconformity------------------------------------------------------ 

Tertiary  Laterites 

------------------------------------------------------Unconformity------------------------------------------------------ 

Permo-Triassic  Upper Gondwana Arkosic sandstone with ferruginous 

banding and light grey clay parting. 

------------------------------------------------------Unconformity------------------------------------------------------ 

Precambrian  Eastern Ghats Super Group Quartz vein, 

Quartz-garnet-sillimanite gneiss 
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in the upper part of the formation. Grey to 

pinkish clay parting is present around 

Khandagiri, Baramunda and Sundarpur area. 

The sandstones exhibit current bedding at 

places. The sequence has a broad N-S to NNE-

SSW strike trend with 5 to 12 degrees easterly 

dip. The contact between Precambrian and 

Gondwana is not exposed anywhere in the area. 

However, the aeromagnetic study has indicated 

the “Bhubaneswar Basement Ridge” to be at a 

depth of 200 m at the southwest part of 

Bhubaneswar. 

Tertiary 

The Tertiary formation is represented by 

ferruginous laterite, confined to the pediplain 

part of the eastern and southern Bhubaneswar. In 

the southeastern part it is exposed in the old 

town area, while it extends below lateritic soil 

cover upto north of Patia. In the southern part it 

is exposed around Pokhariput, Dumduma, 

Patrapada, Tamando and Bhagabanpur area. The 

lateritisation of Athgarh sandstone is observed 

beyond 6 m in the upland thinning down to 0.5 

m in the eastern fringe. Generally it is exposed 

between 10 and 20 m contour. The laterite is 

reddish brown in colour, sometimes mottled and 

porous in nature. It has a irregular and rough 

limonitic crust. Sometimes it is pisolitic. The 

freshly dug up laterite is soft with vermicular 

caverns and hardens on exposure to air. The rock 

is mined at several places within the city limits 

and used as building material. Relicts of 

sandstone in laterite can be observed in the 

quarries in Patia, Chandrashekharpur, and 

Dumduma. 

 

Quaternary 

Bolagarh Formation: The Bolagarh Formation 

is represented by detrital laterite of secondary 

origin and pebble bed. However, the secondary 

laterite is not exposed as mappable unit, being 

confined to only quarry sections near Patia, 

Damana and Gadakana. It is normally 30 to 40 

cm thick, deposited over the irregular surface of 

Tertiary laterites. The detrital laterite is 

cemented by ferruginous material and is not as 

compact as the Tertiary laterite. It is overlain by 

reddish brown lateritic soil. A pebble bed 

directly overlying the Athgarh sandstone is 

present between Sainik School and BDA colony 

at Chandrasekharpur. The pebble bed consists 

mainly of quartz pebbles in a poorly cemented 

matrix of reddish brown soil.  

Kaimundi Formation: The Kaimundi Formation 

is represented by older alluvium. In most parts 

of the city limit it is not exposed. It, however, 

can be seen southeast of Patia in a freshly dug 

pond, on a north-south running high ground 

about 100 m wide NE of Mohanpur and in a 

well section north-west of Nathpur. The 

alluvium is grey in colour, clayey and sticky 

containing caliche of 3mm to 4mm in size. It is 

overlain by Bankigarh Formation. 

Bankigarh Formation: The Bankigarh 

Formation confined to the older flood plain of 

Kuakhai and Bhargavi distributaries occupies 

extensive areas termed as green belt of the city. 

The formation consists mainly of silt and clay 

occupying the flood plain of aforesaid rivers. 

The older flood plain now forms the back 

swamp of the present river channel. Near 

Kalyanpur, the soil is sandy in nature. The older 

flood plain is extensively used for agriculture. 
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Fig. 1: Interpretaed Geological Map of Bhubaneswar and adjacent area  

Recent Flood Plain Deposits 

The recent active flood plain deposits are 

confined to the present day channels. The 

deposit is characterized by coarse to medium 

grained unconsolidated sand deposited as 

channel bars, point bars. Partially stabilized sand 

bar near Gandarpur has silt deposit over which 

vegetation has grown. 
 

Tectonics and Structure 

Bhubaneswar city falls within two tectonic 

domains.  The major part of the area falling to 

the north of east-west trending lineament lying 

south of Sisupalgarh constitute the Gondwana 

graben. The Gondwanas are represented by 

detached patches of Athgarh sandstone along 

two NNE-SSW linear zones between 

Khandagiri-Sikharchandi and Paikrapur-

Chandka. The Athgarh sandstones show a NNE-

SSW to N-S trend with 5 to 12 easterly dip in 

the western part of the city. To the south of the 

boundary fault lies the Eastern Ghats Domain 

represented by Khondalite hill at Dhauligiri 

showing an East-West strike trend with steep 

northerly dip. 
 

Four sets of sub-vertical joints along E-W, N-S, 

NE-SW and NW-SE are found in the Athgarh 

sandstone. The course of Jhumuka Nala is 

defined by an ENE trending curvilinear fault 

(Fig.2). A prominent lineament from Sana Kanti, 

outside the city limit, running NNE-SSW meets 

Kathjori river east of Fakirpada. Another 

lineament trending NNE-SSW covers part of the 

river course of Daya west of Dhauligiri (Fuloria 

etal, 1992). An E-W fault controls river course 

of Daya near Lingipur. Faults sympathetic to the 

above with limited extension are NW-SE 

trending fault at Damanasora, Kujimahul 

Daruthenga, NNE-SSW trending fault near 

Jokalandi, E-W running faults of Nayapalli and 

Bharatpur. These faults, which control the 

course of the drainages in the upland, are also 

responsible for the undulating character of the 

terrain. 
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Fig. 2: Lineament Map of Bhubaneswar 

Bhubaneswar and Mahanadi delta area falls in 

the zone V of modified Mercalli (MM) scale 

(equivalent to 4 to 4.9 in Richter scale) as per 

the seismic intensity map published by Survey 

of India which includes data upto 1975. 

Earthquake tremors have been recorded at 

Jankia, about 50 km southwest of Bhubaneswar 

during 1883, 1885 and 1886 which was more 

than 8 in MM scale. A NNE-SSW trending 

prominent lineament along Rana Nadi west of 

Dampara R. F. passes through Baghmari, near 

which Atri hot spring is located. The lineament 

west of Bhubaneswar Airport and Kuakhai 

lineament with similar trend are sympathetic to 

Rana Nadi lineament. Bhubaneswar town 

appears to be within an earthquake prone area. 

Topography 

The present configuration of Bhubaneswar city 

encompasses part of vast tract of Kuakhai-

Bhargavi-Daya flood plain in the east and 

southeast and the highland to the west. The 

terrain has a gentle slope to east and southeast. 

Since its establishment as capital of modern 

Odisha, some degree of obliteration of the 

topography has taken place due to human 

activity. Excepting a small patch of forest 

(Bharatpur RF) the entire forest cover of the 

highland within the city area has been removed. 

The obliteration, however, has not affected 

much of the broad topographic setting. The 

present township area, based on topography, can 

be divided into five units. These are: Eastern 

Flood Plain, Laterite upland, Axial highland, 

Western Flat and Western Highland. 

The Eastern Flood Plain: The flood plain 

which may be termed as the eastern plain, starts 

at the eastern margin of the laterite upland. The 

alluvial tract with less than 1 slope has almost a 

horizontal disposition lying below 20 m contour 

(Fig. 1). Within the city limit, it extends from 
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Rokata in the north to Kaushalyaganga in the 

south. The area lies about 13 to 16 m above 

m.s.l. in general. 

The Laterite Upland: To the west of eastern 

flood plain lies the lateritic upland, where the 

main township was started. This tract extends 

from north of Patia to Tamando in the southwest 

with variable width of 0.4 km to 2.4 km. The 

height of this part lies between 20 m to 30 m 

contour. The gently easterly sloping terrain is 

drained by several streams originating from the 

highland on the west and joining the Gangua 

Nala. The residual hill at Dhauligiri east of Daya 

river stands out as an isolated hill within 

Quaternary blanket rising to a height of 65 m 

above m.s.l. 

Axial Highland: A 2 km wide linear zone 

extending from Sikharchandi in the north and 

widening to 4 km near Khandagiri in the south 

has many detached hillocks of Athgarh 

sandstone. Some of the important hillocks are 

Khandagiri, Udayagiri (84 m), Niladri Vihar hill 

(82 m) and Sikharchandi (104.7 m). The general 

elevation of this linear zone varies between 40 to 

80 m. 

Western Flat: A gentle flat of 2 km width 

running NNE-SSW lying to the west of the 

above zone starts from the western margin of 

Bharatpur R.F. It extends from Sundarpur in the 

north to south of Ghatikia. The terrain has a 

variable elevation of 40 to 60 m and is drained 

by nalas near Sundarpur, Andharua, Bharatpur 

and Sampur flowing to west and southwest 

except Sundarpur nala which flows towards 

north. 

Western Highland: Another linear zone with 

1.2 km average width bordering Jhumuka Nala, 

has a chain of detached hillocks running NNE-

SSW between Kujimahula and Mendhasala of 

which only the Kujimahula falls within the city 

limits. This hillock of Athgarh sandstone with 

gentle easterly slope rises to 94 m above m.s.l. 

and has vegetation cover. 

The greater Bhubaneswar which has 

encompassed large areas to the north and west of 

the main township has an undulating topography 

with an axial highland running between 

Sikharchandi on the north and Khandagiri on the 

south. In the eastern part of the city, the general 

slope is eastward to southeastward while it is 

flattish in the western part. 

Drainage 

The distributaries of Mahanadi fringe the city’s 

eastern part of which Kuakhai river covers the 

most part starting near Trisulia (Allard & 

Meijerink 1987). Its channel is widest near 

Gandarpur measuring about 1440 m, the average 

being about 300 m. It continues on the south 

upto Pandera, where the Bhargavi branch 

initiates and continues till Lingipur. At this 

point, Daya river branches out. All the drainages 

of Bhubaneswar originate from the central 

highland and flow in all directions. The drainage 

of the city can be described as a radial pattern. It 

also shows a coarse and dense drainage texture, 

a characteristic of sandstone country. The 

underlying structure of the bed rock is the main 

controlling factor although the slope character 

has an influence over it. Amongst the tributaries, 

Jhumuka Nala valley partially encircles the city 

on its west and north. The valley has a 

maximum width of about 1.8 km near 

Raghunathpur while its average width is 600 m. 

There are several other tributaries flowing to 

east, west, south and north originating from the 

central highland. The development of the valleys 

has rendered an undulating character to the 

topography of Bhubaneswar. The different 

sectors developed by the drainage are as follws. 

Eastern sector: Damanasora, Ekamra Kanan, 

Nayapalli, Patia. 

Western sector: Andharua, Bharatpur, Sampur 
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Northern sector: Sundarpur, Pathargadia, 

Sikharchandi 

Southern sector: Siripur, Dumduma, 

Ranasinghpur, Patrapada, Tamando 

Of these the Nayapalli valley running east-west 

has a width of 240 m part of which has been 

converted to form a water body between Bidyut 

Marg and Sachivalaya Marg near Madhusudan 

Nagar (NICCO Park). 

The Eastern Drainage 

There are seven streams in the eastern sector of 

the township which flow eastward from the 

central part of the terrain. All these nalas are 

storm water channels and at present domestic 

effluents of city are also discharged into them. 

The Damanasora, which is fault controlled, 

originate from south of Sikharchandi and 

flowing eastward joins the Burhi Nai east of 

Patia which in turn joins Kuakhai south of 

Jaripatna. The other streams are Sainik School 

Nala, Ekamra Kanan nala, Nayapalli Nala, 

Laxmisagar Nala, Baragada Nala and Airport 

Nala, all of which flow eastward to join the 

Gangua river. The Burhi Nai and Gangua Nala 

joining Kuakhai and Daya drain the flood plain. 

The Western Drainage 

The western sector of the city, which is yet to be 

urbanized, has two major streams. The 

Andharua stream originating from Bharatpur R. 

F. area flows westward and changes to a 

northerly course near Andharua to join Jhumuka 

Nala. The other stream of importance, known as 

Tikra nala, originates west of Ghatikia and flows 

southwards out of Bhubaneswar urban area limit 

ultimately joining Gangua river south of 

Bhagabanpur. 

The Northern Drainage 

There are two prominent drainages, both 

draining the area west of Sikharchandi. The 

prominent one near Pathargadia flows northward 

along a straight course to join the Jhamkanala. 

The other originating from Jagannathprasad R. 

F. joins Jhamkanala after running parallel to it 

for some distance. The Jhamkanala debouches 

into the Kuakhai flood plain. 

The Southern Drainage 

In the southern part of the city there are three 

prominent nalas originating from the highland 

near Baramunda, Jokalandi and Ghatikia. These 

nalas join east of Dumduma to form Tikra nala 

which flows southward to join Gangua rivulet. 

Geomorphology 

Anthropogenic activity is obvious in 

Bhubaneswar. However, the original 

geomorphology of the area is still perceptible. 

The following geomorphological units are 

recognized within the Greater Bhubaneswar 

area. 

Denudational landforms 

Residual Hill: Residual hills of Athgarh 

sandstone occur as isolated hillocks in the 

western and southern part of the city. These are 

surrounded generally by soil covered tracts, soil 

being derived from Athgarh sandstone. 

Khandagiri-Udaygiri (84 m) in the south, Niladri 

Vihar hillock (92 m) in the middle, and 

Sikharchandi hillock (104 m) are the three 

landmarks of the city. These are covered by 

vegetation, which of late has diminished to some 

degree by human activity. The Niladri Vihar hill 

has no vegetation at present. The present shape 

indicates long periods of denudation the area has 

undergone. 

The Dhauligiri in the southeastern part of the 

city stands as an inlier and is a residual hill 

within city limits. The elongated hill of 

khondalite belonging to Eastern Ghats Group of 

rocks has a very long period of denudational 

history. Surrounded by present day sediments it 

is still left with some vegetation along its flanks. 



 

SGAT BULLETIN VOL. 19, NO. 1, JUNE & DECEMBER 2018 

30 

Pediment: It is the sloping land with 3° to 5° 

slope angle surrounding the residual hills 

described above. These areas do not show 

dissection and are presently barren exposing soil 

and rock which used to be under forest cover. 

Pediplain: With a common boundary with 

pediment the pediplain slopes at angles of 1° to 

2° towards east. It is the pediplain part over 

which thick lateritic cap is present in the eastern 

sector. The pediplain, which sustained 

vegetation before the capital was established, 

now lies barren in the northern and southernmost 

part of the city, while the area in between has the 

main city complex. 

Questa: The geomorphological unit with a 

gentle slope of 5° to 10° towards east and steep 

back slope is seen east of Kujimahula and part of 

Bharatpur Reserve forest. At both the places this 

unit is made up of Athgarh sandstone and has 

vegetation cover. 

Erosional Landform 

Valley: Erosional valleys formed by fluvial 

action can be divided into two types - (i) valleys 

formed by distributaries of Mahanadi and (ii) 

valleys formed by tributaries of the distributaries 

of Mahanadi. 

The distributaries of Mahanadi border the city’s 

eastern part of which Kuakhai river covers the 

most part. Starting from Trisulia it continues 

upto Pandera where Bhargavi branches out. 

Jhumukanala valley partially encircles the city 

on the west and north. There are several other 

tributaries (15 nos.) generating from the central 

highland flowing to east, west, south and north 

and have formed their own valleys. This has 

rendered an undulating character to the 

topography of Bhubaneswar. 

Depositional Landforms 

Flood plain: The Kuakhai river and its 

distributaries Bhargavi and Daya have 

developed extensive flood plain bordering the 

eastern and southern fringe of laterite high land 

of Bhubaneswar city. The width of the flood 

plain varies between 600 m and 2.5 km. The 

floodplain deposits characterized by silty to 

clayey soil are extensively cultivated and form 

the green belt in the eastern part of the city. 

Valley fills: The valley fill units are well 

developed near Tamando south of Patrapada, 

Ranasinghpur, Aiginia-Dumduma, Samantrapur, 

Raghunathpur, East of Patia, Ghatikia and 

Nuagaon. 

Palaeochannels: Palaeochannel traces are seen 

within the flood plain east and south of the city. 

There are seven palaeochannels present between 

Panchpal on the north and Sisupalgarh on the 

south. The course of the palaeochannels have 

already been filled by silt and are under 

cultivation at large. 

Islands: Two islands in Kuakhai river near 

Gandarpur and Kalyanpur are channel lag 

deposits of sand and clay. A brick kiln is in 

operation on Kalyanpur island which uses the 

material from the island. 

Channel bars and point bars: Development of 

channel bars and point bars are recorded along 

the course of Kuakhai-Daya-Bhargavi system at 

places like Kalyanpur, Jaripatna, Naharkanta, 

Pandera, Kesara, Lingipur (Fig. 4). 

Levees: This depositional feature is observed all 

along the banks of Kuakhai-Bhargavi-Daya 

channel. Levees are over-bank deposits 

constituting mainly of sand and silt (Fig 4). 

These form high grounds over which riverbank 

settlements at Kalyanpur, Gandarpur, Dihasahi, 

Jaripatna are located. These levees are detatched 

in nature due to the effect of past floods that 

breached the continuous bodies at many places. 

Back swamp: To the west of river-bank 

settlements lies the back swamp, comparatively 

a low ground composed of silty clay material. 
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Within the back swamp, hummocky masses of 

laterite are seen at Dhawa, Tangibandh, and 

Vatpada where old settlements are located. 

Hydrogeology 

Geological setup, tectonic frame work, 

geomorphology, surface cover, and climatic 

factor determine the groundwater regime of an 

area. Increasing urban agglomeration has 

reduced the exposed natural ground surface area 

to the rainfall which recharges the groundwater. 

Destruction of forest cover, except Bharatpur, 

has triggered soil erosion thus allowing very 

little time for rain water to percolate into the 

ground. In the northern and western part of the 

township open surface is relatively more 

because of thinner agglomeration. About 1400 

mm of annual rainfall is good for recharge and 

maintenance of phreatic water zones. 

The depth to water table (DTW) in summer in 

Bhubaneswar is controlled by topography. In the 

upland in the eastern part it varies from 4 to 8 m; 

in the western part it is 6 to 8 m. In the small 

stream valleys it is about 4 m. In the higher 

contour areas it is as much as 10 m to 15 m. In 

the flood plains of Kuakhai-Bhargavi-Daya, it is 

1 to 2 m (CGWB, 1995). 

Chemical analysis of ground water carried out 

by various organizations including GSI suggests 

the following. Gandarpur, Dhawa, Rokota, 

Mancheswar-Rasulgarh sector, Khandagiri and 

Malipada are the hard water zones while rest of 

Bhubaneswar has moderate to soft water zones. 

Sikharchandi, Andharua, Shampur-Ghatikia, 

Bomikhal-Oldtown tract has acidic water while 

Raghunathpur, Garkana-Bhatpara tract have 

alkaline to neutral water. Rest of the city has 

acidic to neutral water. The TDS, Chlorine 

content, pH values, dissolved iron content all 

indicate the overall ground water quality of 

Bhubaneswar is more or less within ISI 

specifications. 

Flood Plain of Kuakhai: To the east of 

Bhubaneswar adjacent to laterite highland lies 

the composite floodplain of Kuakhai-Bhargavi-

Daya rivers. The flood plain varies in width 

from 500 m to 2 km (Fig. 3) between Baranga in 

the north and Lingipur in the south. 

The growth of population in the city area as well 

as the volume of floating population has not 

been proportional to available infrastructural 

facilities and resources. 

The urban agglomeration density in the eastern 

and southern sector is higher. Urbanisation 

however, has not presently developed in the 

western and northern sector. The natural 

drainage in the eastern sector described earlier as 

storm water channel also carry the city effluent. 

Ten of such natural channels passing through 

urban area have partly reduced width due to 

channel lining. Part of Nayapalli nala, 

Ekamrakanan nala have been dammed to create 

water bodies near Nayapalli, Madhusudan 

Nagar, Ekamra Kanan and Vani Vihar. The 

Gangua rivulet originating near Vatpada flows 

southward within the Kuakhai-Bhargavi flood 

plain and enters Daya nadi flood plain near 

Sisupalgarh to join the Daya river near 

Panchugaon. 

The radial drainage of the upland with its slope 

condition does not allow rain water 

accumulation. The underlying laterite and 

sandstone with good permeability helps 

percolation of surface water into the ground. The 

floodplains of Kuakhai, Bhargavi and Daya 

distributaries have thick silty soil cover with 

poor permeability which help accumulation of 

water in these parts. 
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Fig. 3: Hydrogeological map of Bhubaneswar 

Issues due to urban growth 

Reduction of agricultural land due to 

urbanisation: The flood plain which encircles 

eastern and southern fringe of Bhubaneswar has 

good potential for agriculture. Encroachment has 

taken place into flood plain near Somayagadia, 

Mancheswar, Palasuni, Kesara, Karadkanta and 

Lingipur areas (Rout, 1996). Since fallow land is 

available in the western part of greater 

Bhubaneswar, the same may be used for 

settlement rather than encroaching into the 

agricultural land within the flood plain. 

Seepage of canal water: Within the flood plain 

the canal network is a boon to agriculture. Its 

faulty constructions, however, has resulted in 

extensive seepage into the agricultural lands. 

About 100m laterally from the canal course, the 

seepage is seen as spreading sheet of water. 

Degradation of agricultural land due to Brick 

Industry: Destruction of agricultural land is seen 

in the south of Jaripatna, Kesara, Bankuala, 

Koradakanta and other places due to 

establishment of brick kilns. The land is dug up 

for silt and the burnt ash and ‘refuse bricks’ are 

dumped at site (Fig.5). This has to be avoided 

and to preserve the valuable lands the brick 

industries could be relocated on the island at 

Gandarpur and Kacharamala. 
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Fig. 4: Geology and geomorphology of Kuakhai Floodplain 

Problems due to siltation: Development of 

swampy tracts between Vatpada and 

Somyegadia due to destruction of natural 

gradient by siltation.  The overflowing of water 

during 1982 floods over the old Palasuni bridge 

was due to siltation in Gangua course which 

reduced the channel capacity. 
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Fig. 5: Geology and Geomorphology of Kuakhai-Bhargavi Floodplain 

Stagnation of Gangua course: The perennial 

Gangua course is said to have been in use for 

inland transportation in the historic past. Its 

present role is as the carrier of the city’s 

effluent. About four decades back people of 

nearby settlement were using its water for 

drinking purpose. The course of Gangua is 

gradually getting shallower due to deforestation 

at its upper reaches and by city waste carried 

into it. The 1982 flash flood inundated the 

bridge over Gangua near Palasuni. The siltation 

has been gradually destroying its natural 

gradient as evident from the stagnant water 

along its course between Vatpada and 

Somyegadia. 

Defective dewatering canal: To keep a steady 

fow in Gangua channel and clear the flood water 

of Burhi Nai  a canal has been dug connecting 

both the channels near Vatpada. It is observed 

that there is backflow of the water at a point east 

of Vatpada village indicating an improper 

gradient pf the canal. 

Unsuitable site for housing: Housing scheme 

near Koradkanta and Kesara is located on a 

palaeochannel and partly on the agricultural 

land. The possibility of future reopening of the 
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channel is a potential danger to life and 

properties of the settlement besides loss of some 

agricultural land. 

Groundwater pollution: All east and southeast 

flowing drainages originating from the higher 

reaches of the terrain join the Budhi nai and 

Gangua within the Kuakhai-Daya flood plain. 

Ground water aquifers get their recharge from 

Kuakhai, Daya, Bhargabi rivers, canal network 

within the flood plains, Gangua, Budhi nai and 

their feeder streams from the upland and various 

confined water bodies within the flood plain 

(Das and Sar, 1994). Since the drainages from 

the upland have become city effluent carrier, 

these have been discharging pollutants into the 

Budhinai and Gangua. Therefore, ground water 

table must be receiving dissolved solids, heavy 

metals etc. carried by the city effluents. Large 

scale construction work for urban settlements 

within the flood plain will increase volume of 

effluent and pollutants to a greater degree in 

future. 

Damage to Aesthetic value: A planned city with 

a number of ancient temples, fringed by an 

extensive green belt to the east and southeast, 

within which sprawling hump of Sisupalgarh, 

isolated Dhauli rising from a green belt used to 

be a breath taking view of the capital and its 

surroundings. With large scale rapid 

urbanisation, sadly the green belt is turning into 

a grey belt with felling of trees and construction 

of high rises, damaging the aesthetics of this 

city. 

Conclusion 

Bhubaneswar, the capital city is situated on the 

western fringe of Mahanadi delta. The township 

located on a lateritic upland has upper 

Gondwana sandstone at the base over which 

laterite has developed. With an average RL of 46 

m, the topography is undulating and has a radial 

drainage pattern. The city has a N-S running 

highland in the central part and the flood plains 

of Kuakhai, Bhargavi and Daya rivers envelop 

the northern and eastern fringe of the city. The 

Athgarh sandstone over which the laterite has 

developed has a thickness of more than 200 m. 

The laterite cap confined between 20 and 30m 

contour range in thickness from a meter to more 

than 13 m. 

Urban agglomeration in the western part of the 

upland is desirable rather than in the flood plains 

at the cost of valuable agricultural land, besides 

waterlogging problem with residential unit. 

Groundwater potential is good. It accounts for 

about 20% of the total supply of water in the 

city. Qualitatively the groundwater is fairly good 

except in the industrial zone of Mancheswar 

(TDS is 475 mg/l) and Kalyanpur (TDS 510 

mg/l). The natural recharge area being in the 

west in the upland, afforestation of axial high 

land zone would be a proper step to create a 

favourable condition. At the same time rain 

harvest measure in the urban area for artificial 

recharge is worth considering. 

Tectonically weak zones such as the probable 

fault zone west of airport should be free from 

any large scale construction. Geophysical probe 

would reveal the subsurface geology, which in 

turn would help in deciding the precautionary 

measures to be taken. Rich archaeological 

monuments of the city of historical importance, 

such as Dhauligiri, Khandagiri-Udayagiri and 

Sisupalgarh and a host of ancient temples speak 

of cultural heritage of the city. Their proper 

preservation would add to the aesthetics of the 

city. In the eastern part of the city, a number of 

abandoned laterite quarries appear as land scar. 

Reclamation of these pits are essential.  

Solid waste management of the city is very poor 

in the absence of any dumping site. Abandoned 

laterite quarries in the north-eastern city limits 

near Kalarahanga village appear to be a better 

choice for site preparation studies. The flood 

plains of the smaller streams of the city can be 

covered with plantation which would add to the 
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aesthetic beauty of the city, apart from helping 

in maintaining the ecological balance. One must 

have noticed the waterlogging in Nayapalli area, 

due to heavy rainfall, on the 30 June 2018. The 

waterlogging was caused due to indiscriminate 

construction of concrete buildings, disregarding 

the drainage needs of the surface run-off. 

However, with greeneries on the west and a 

major source of water on the east and sandstone 

plateau in the middle Bhubaneswar has all the 

requisites of a green city, if scientific restraint 

prevails.  
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ABSTRACT 

The Hutti-Maski greenstone belt in the eastern Dharwar craton hosts several gold prospects including the 

world class Hutti Gold Mine. Uti is one of such gold deposits, which have signatures of ancient and 

modern workings for gold in the north-eastern part of the Hutti-Maski schist belt. Uti Gold occurrence is 

explored by various agencies but the fruit of the pivotal detailed exploration by M/s. MECL is the Uti 

open-cast gold mine, which is worked out systematically by open-cast mining by M/s. HGML. The run-off 

mine grade of the ore being considered as the back bone for the survival of any gold mining, the economic 

feasibility and the consistency in production of the mine’s planning needs meticulous exercise on grade 

control. Thus, in this paper, the  high quality mining grade-control of Uti open-cast gold mine is 

conceptualized in respect of different techniques and practice of work components such as precise 

calculation of stripping ratio of overburden, mine benches, systematic model mapping of ore zone in 

relation with the inter-bands of non-ore zone, intensive sampling under strict geological supervision, 

close monitoring of analytical results of runoff mine ores at regular intervals and overall quality control 

of mineralogical and metallurgical character of the ore in respect of its distribution in spatial and vertical 

progression. 

INTRODUCTION 

The Uti (the erstwhile “Ootoo”) gold deposit, in 

the north-eastern tip of the Archaean Hutti-

Maski greenstone belt, is situated in Deodurga 

taluka of Raichur District, Karnataka. The Uti 

area had witnessed the ancient and modern 

mining activities. The Uti Gold deposit is 

explored by Geological Survey of India (GSI), 

Hutti Gold Mines Co. Ltd (HGML) and Mineral 

Exploration Corporation Ltd (MECL). This 

deposit has attained production stage within a 

minimum gestation period (10-12 years). The 

Uti Gold Deposit is located at 20 km northeast of 

Hutti Gold Mines. The ore produced from the 

mine is processed in the mill located at Hutti. 

The paper briefly describes the grade control 

concepts, techniques & practices of Uti open-

cast gold mine. 

 

GEOLOGICAL SET-UP 

The area consists of wide range of volcano-

sedimentary rocks comprising amphibolite, acid 

volcanics containing interbands of 

metasedimentaries such as pyritiferous 

carbonaceous schists, andalusite and garnet 

bearing mica schist, ultramafics and banded iron 

formations. Gold mineralisation is generally 

associated with the pyritiferous carbonaceous 

schists, mafic and felsic intrusives. The general 

trend of the litho-units extends in N 15
0
 W to N 

15
0
 E strike with steep (80 – 85) easterly dip. 

The east-west trending, post-mineralisation 

faults cut across almost all the litho-units. These 

litho units are intruded by dolerite dykes, 

granites, pegmatites and quartz veins. 
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EXPLORATION HISTORY 

Old Mining Activities 

The area had witnessed both the ancient and 

modern mining activities. The gold occurrence 

in Uti has drawn attention by it’s surface 

manifestation in the old workings. Since 1893, it 

was prospected by underground exploratory 

mining by sinking shafts (Ravinel Valley, 

Centre, Big Pit, Temple, Hill, Bill Shafts etc) up 

to 50 to 60 m depth by M/s. Hyderabad Gold 

Development Company. Mining activity was 

also carried out during 1937-1941 by M/s. 

Hyderabad Geological Survey by putting about 

18 exploratory shafts. Subsequently the area was 

also worked by M/s. John Taylor & Sons. 

Preliminary Exploration by GSI 

A preliminary exploration of the area, 

comprising geological mapping, geophysical and 

geochemical prospecting, trenching and surface 

diamond drilling, was carried out by GSI during 

1984-87. A total of 72 boreholes were drilled 

with a total meterage of 8829m. A total probable 

reserve of 0.884 million tonnes was estimated 

for 6 lodes (lode No. 1, 3, 4, 5, 8 & 9) up to a 

maximum depth of 130 m with grade varying 

from 2.04 to 18.98 g/t with an average width 

from 1 to 7.32 m. In addition, a possible reserve 

of 0.143 million tonnes, with grade ranging from 

2.73 to 3.80 g/t gold, has been estimated 

(Sangurmath, 1996). 

Detailed Exploration by MECL 

MECL has carried out detailed exploration by 

diamond drilling and exploratory mining. The 

physical work was executed by sinking of two 

shafts and one level development (420 m RL) on 

lode No. 4 and surface deep drilling for depth 

extension study of lode No. 4, 3 & 2. A total ore 

reserve of 4.50 million tonnes is estimated for 

lode No. 4 at 1 g/t cut-off up to 225 m RL. It was 

established for the average strike length of 600 

m with 12 m. width and 2.5 g/t Au grade. 

Northern part of this lode is suitable for open-

cast mining. The drilling indicated that reserves 

of lode No. 3 is 0.55 million tonnes over 120 m. 

strike length, 12 m width and 2.3 g/t Au grade. 

The fruit of the pivotal detailed exploration is 

the Uti open-cast gold mine (Fig:1) (Sangurmath 

1996, 2001). 

 
Fig. 1: Uti open-cast Gold mine 
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Exploratory Mining by HGML 

Based on the encouraging results of detailed 

exploration of MECL, HGML has started 

detailed exploration on lode No. 3 by 

exploratory mining in August 1994. Two shafts 

were sunk up to 60 m depth and limited drive 

development was done at 1
st
 (30 m vertical 

depth) and 2
nd

 (60 m. vertical depth) level. This 

exploration has revealed about the 72.00 m 

strike length of mineralization, with an average 

width of 2.80 m and an average grade of 2.15 g/t 

As per the feasibility studies and in view of the 

steep fall in the then gold prices, it was found 

that it was not economical to go for underground 

mining as the average grade of the ore estimated 

was about 2.50 g/t only. Because of this reason, 

the exploratory mining activities on lode No.3 

were suspended in January,1998. With the recent 

spurt in the gold prices, again this exploratory 

mining and mine construction programmes were 

started from April-2005 and is in progress. 

Detailed Geology, Structure and 

Mineralization of Gold in Open-Pit Mine 

The open-pit area is represented by amphibolite 

(fine & coarse grained), acid-volcanics, 

carbonaceous schist, pegmatite and quartz veins. 

The gold mineralisation in the mafic rocks is 

mainly confined to intensely silicified and 

feldspathised amphibolite with thin stringers and 

veinlets of quartz and sulphide minerals. This is 

manifested as the marked zone of mild alteration 

following the major structural dilatant zone. The 

minerals are mainly represented by pyrite, 

marcasite, arsenopyrite, pyrrhotite, chalcopyrite, 

ilmenite, sphene, hematite, graphite, scheelite, 

loellingite, goethite, rutile and sphalerite. Gold 

occurs mostly in the form of dissemination and 

occasionally as stringers. Mineralisation is 

notable with uniform impregnation of silica in 

the ore zones instead of a centralized quartz vein 

as in the case of other gold bearing deposits of 

Hutti-Maski schist belt. 

The trend of the schistosity varies from N 15
o
 W 

to N 14
 o

 E with sub-vertical (80
o
-85

o
) dip (both 

easterly & westerly). Lode zone is aligned in en-

echelon pattern with dextral shifting. Pinching & 

Swelling of the lode zone is observed both along 

the strike & dip. All the litho-units have been cut 

across by almost E-W trending post-

mineralisation faults. Minor movements on the 

fault planes are indicated by grooves & 

slickensides.  Mineralisation is absent in the 

fault zone. The fault shifts the lode-zone slightly 

towards the hanging wall (eastern side). These 

post mineralisation fault zones are marked by a 

powdery to flaky fault gouge, brecciation, 

mylonitisation, carbonatisation, epidotisation, 

with the secondary calcite-carbonate net works. 

The width of the fault zone is 0.5 m to 5.0 m. 

Minor joints are observed throughout the 

mineralized zone and the host rock. The most 

prominent set of joints in the host rock runs in N 

54
o
–60

o
 W direction with 38

o 
 to 40

o 
 dip

 
towards 

northeast, which extends  considerably into the 

mineralized zone, indicating their post mineral 

formation status. The joint planes are generally 

tight showing minor water seepage. They have 

smooth surfaces & are filled with secondary 

calcite. The other sets of joints observed in the 

mine shows N 80
o
–85

o
 E trend with vertical dip, 

N 80
o 

W with dip of 45
o
 along SSW, N 42

o
 W 

with almost vertical dip and N 30
o
 E trend with 

70
o
 dip due southeast. The last set of joint is the 

most prominent one in the mineralized zone, 

which are found extending & fading out into 

host rock. These joints are generally filled with 

secondary quartz-calcite. Some of these joints 

are open and carries seepage water. The Western 

Wall (FW) has more joint patterns with fractured 

amphibolites, whereas the eastern wall (HW) 

mainly consists of acid volcanic rock with a 

uniform joint pattern (Sangurmath, 2003). 

Ore Mineralogy 

Gold Mineralisation is hosted by mafic 

volcanics, felsic volcanics & pyritiferous 
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carbonaceous schist. Ore is mainly represented 

by gold-quartz-sulphides. Ore microscopic study 

revealed that, Uti Gold Deposit conssists of 

pyrite, marcasite, arsenopyrite, pyrrhotite, 

chalcopyrite, ilmenite, sphene, hematite, 

graphite, scheelite, loellingite, goethite, rutile  

and sphalerite. Gold is associated with minerals 

such as pyrite, arsenopyrite, pyrrhotite, 

loellingite etc. Free gold with quartz scheelite in 

minor quantities occurs as minor specks & 

droplets as fillings along the joints and the 

sulphide minerals predominate over the oxides. 

The three episodes of folding & corresponding 

deformation increments & associated 

metamorphism have mobilised & localized 

primary gold lodes in the host rocks giving rise 

to epigenetic lode type deposit. Apart from the 

sub-microscopic gold, it is also found associated 

with pre-tectonic pyrite stringers of the 

pyritiferous carbonaceous schist forming the 

syngenetic strata bound type of gold  

mineralization. The intensity of gold 

mineralization is controlled by the grain size of 

the sulphide minerals i.e. finer the grains better 

is the mineralisation (Sangurmath 2002). 

Open-Pit Mining 

Open-pit mining is carried out by a system of 

deep-hole drilling, blasting and working with the 

help of heavy earth moving machinery. The 

open-pit was formulated at an initial stripping 

ratio of 1:7 and overall stripping ratio of 1:5, 

considering the working of open-pit mine to start 

from peripheral boundary & then to advance 

towards the center for winning the ore body as 

shown in the cross section (Fig: 2). The open-pit 

mine is worked up to 90 m depth, keeping each 

bench height 7 m. The widths of the benches 

vary from time to time, but ultimate width of 

each bench becomes 5 m. The approach ramps to 

each bench is provided at 1 in 16 gradient with 

width of 5 m. On one side of the approach ramp 

a drainage channel is made so that water 

stagnation is avoided. At the bottom most 

benche a sump is made to facilitate pumping. 

The pumped water is utilized for afforestation. 

Ore and overburden benches are systematically 

managed by geological mapping and intensive 

sampling under a strict geological supervision 

thereby maintaining the quality control. 

(Sangurmath, 2003). 

 
Fig. 2: Geological Cross Section of the Uti Open-Pit Gold Mine 
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Open-Pit Mine Statistics 

The following are the statistics of the open-pit mine. 

1. Location : 22 Km north-east of Hutti 

2. Toposheet No. : 56 D/15 

3. Strike Length : 300 m (Northern part of lode No:4) 

4. Average width : 15 m 

5. Depth to which open cast mining 

planned 

: 90 m from surface (480 to 390 m RL). 

6. General strike of ore zone : N 15

 W – S 15


 E to N 15


 E – S15


 W 

7. General Dip : Steep dips (75

 – 85


) both easterly & 

westerly 

8 Exploration status : Detailed exploration is carried out. 

9 Ore Reserves & grade : 8,39,500 tonnes @ 2.45 g/t 

10. Height of Benches : 7 m 

11 Ultimate pit slope : 54 

12. Ramp width : 5 m 

13. Ramp gradient : 1 in 16 

14. Over burden dump area : 6.25 Ha 

15. OB dump ultimate height : 30 m 

16. OB dump bench height : 10 m 

17. OB bench slope : 40 

18. OB, No. of benches : 06 

19. Average ore production : 200 TPD 

20. Spacing & Burden : Ore: 2 m x 2 m, OB: 3.5 m X 3 m 

21. Overall stripping ratio : 1:5 

22. Haul Roads   

 Width : 9 m 

 Slope : 1:16 

 Distance of haul road : 2 km 

 

IMPORTANCE OF GRADE IN GOLD 

EXPLORATION AND MINING 

Generally complex problems arises for sampling 

and assaying of gold. This is due to combination 

of several factors such as: 

1. Extremely low distribution of gold in the 

host rock 

2. Very high nugget effect 

3. Very limited range of influence 

4. Extreme spatial variance 

5. Very high density contrast of gold with 

associated host rocks and 

6. Highly malleable character of gold with 

tendency to form flakes. 

These factors necessitate strict check on the 

sampling (Collection and Preparation) and 

assaying of the gold ore samples. 

“The Errors” in assaying of samples sent to the 

laboratory for analysis of ore are of the 

following nature. 

1. Errors in sample preparation 
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2. Errors due to inadequate weights of 

sample taken for assay 

3. Non-reproducibility of results in 

repeated analysis 

4. Bias or error inherent in the method of 

assaying 

Hence, it becomes necessary to follow strict 

grade control techniques and measures to make 

the deposit economically sustainable. To 

establish the reliability of basic data generated 

by sampling on the ore benches, an elaborate 

check sampling & check analysis programme 

was carried out. This was to establish credibility 

of the techniques and procedures and to 

minimize the errors resulting due to inherent 

factors. 

OBJECTIVES OF THE GRADE CONTROL 

Grade control is the day-to-day discrimination of 

mined muck into categories of ore and waste, 

which is achieved by the following tasks. 

1. Geological mapping 

2. Sampling 

3. Exploration data collection 

4. Data management 

5. Geology & quality control map 

preparation 

6. Ore body delineation 

7. Ore grade estimation 

8. Ore boundary limit marking on ground 

9. Mining block estimation 

10. To maximize the value of ore mined & 

fed to the mill 

11. Maximize the return or profitable 

mining 

12. Control the tonnage & grade production 

13. Estimated (tonnage & grade) vs 

production 

In gold mining it involves maximizing the 

present value of ore production by minimizing 

ore loss & dilution. 

The grade control process at the mine sites 

involves two stages i.e (1) Optimization of the 

sampling and (2) Interpretation of ore and waste 

limits. 

TECHNIQUES OF QUALITY CONTROL 

AT UTI OPEN-PIT MINE 

1. All the working points in the production 

benches are examined, to check the 

over-break of waste in hanging wall, the 

under-break in foot wall and an extra 

mining of waste in foot wall for 

reporting to the concerned person.  

2. Examination of development benches 

and guiding the tipper drivers to 

transport the muck as ore or waste 

3. Issue of the trip sheets for ore tippers, 

followed by recording the block wise ore 

transportation and its grade i.e. open-pit 

to surface ore dump at mine site and 

from open-cast pit to Hutti mill 

separately 

4. Collection of the chip or grab samples 

from broken ores, after each and every 

blast 

5. Collection of chip or grab samples from 

ore stock piled at mine site 

6. Collection of drill cutting/ sludge 

samples from production holes 

7. Comparison of the grade of daily 

production from the bench/ block, grab 

samples with expected grade of the 

block 

8. Demarcation of the payable boundary on 

the ground to facilitate the production 

drilling & blasting 

9. Recording the data on plans and sections 

and their interpretation 

10. Ore burden dump data recording 
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PRACTICES OF GRADE CONTROL IN 

UTI OPEN-PIT MINE 

The distribution of the grades at specific level is 

indicated in the slice plan with assay value in 

parts of the open-pit mine (Fig. 3). Channel 

sampling was carried out at 2 m intervals to 

assess the ROM grade. During channel 

sampling, surface is cleaned by chiseling & wire 

brush to remove grime & possible oxidized 

crust. Care is taken to see that the groove is 

smooth and maintains uniform width. The width 

of the channel depends on the homogeneity of 

the ore body. After the channel is ready, the 

samples are divided considering the nature of 

mineralization, intensity of mineralization & the 

host rock. The samples from these locations are 

collected either by chiseling or scooping to a 

uniform depth which again depends on the 

quantity of samples needed. 

 

Care is taken for minimum loss or minimum 

contamination, complete collection of material, 

chips of equal size. Base assay plan is prepared 

and payable ore zone limits are demarcated in 

the ground for drilling and blasting (Fig: 4 & 5). 

Based on the above procedures, the following 

comparative studies have been done. 

 

1. Comparative studies of primary sampling and mill-feed sampling 

 

Ore transported from Uti to Hutti 
Mill sample 

No 

Grade 

Au (g/t) 
Ore 

(t) 

Grade 

Au (g/t) 

89.720 2.19 UM-1 2.00 

201.500 1.8 UM-2 2.35 

98.660 1.75 UM-3 1.80 

112.100 2.04 UM-4 0.90 

129.000 1.97 UM-5 2.10 

152.840 1.97 UM-6 2.00 

122.140 2.13 UM-7 1.45 

174.120 2.33 UM-8 2.90 

137.300 1.54 UM-9 1.40 

110.160 1.91 UM-10 1.20 

145.560 1.42 UM-11 1.75 

115.540 1.78 UM-12 1.40 

72.900 1.54 UM- 13 1.30 

1661.540 1.88  1.80 

 

a. Mill feed samples were collected on the conveyor belt shift wise. 

b. The variation from mine channel sample grade (1.88 g/t) and mill feed grade (1.80 g/t) is 5%. 
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Fig. 3: Part Assay Slice plan of Uti Open-Pit Gold Mine 
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Fig: 4. Ore Zone Demarcation at Uti Open-Pit 

 
Fig: 5. Photo of Ore Bench Drilling 
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2. Comparative studies of the channel, drill cutting & grab samples 

 

SL 

NO 

CASE AVG. GRADE 

OF 

CHANNEL 

SAMPLE 

Au (g/t) 

AVG. GRADE OF 

DRILL 

CUTTING 

SAMPLE 

Au (g/t) 

AVG. GRADE 

OF GRAB 

SAMPLEING 

Au (g/t) 

INSITUE 

ESTIMATED 

GRADE 

Au (g/t) 

1 I 1.41 3.17 3.73 2.13 

2 II 1.65 2.43 2.90 2.32 

3 III 0.36 0.31 0.25 2.32 

4 IV 1.82 1.55 3.40 2.32 

5 V 1.91 1.96 0.90 2.32 

6 VI 0.58 0.88 0.35 2.32 

7 VII 3.18 1.22 3.00 2.32 

8 VIII 2.81 0.61 0.20 2.32 

9 IX 2.03 1.65 2.35 2.32 

10 X 3.10 1.20 0.20 2.32 

  1.88 1.50 1.73 2.30 

 

a) Channel sampling was carried out on the 

floor of the ore benches for every one 

metre width at every 2 m intervals. 

b) Drill cutting (sludge) samples were 

collected from bench drilling at every 2 

m interval along the hole. 

c) The grab samples were collected from 

the blasted material of the particular 

block , where systematically channel & 

drill cutting samples were collected. 

 

d) For this comparative study 10 block 

sampling data was considered. 

 

e) The average grade of the 10 blocks of 

the channel sample is 1.88 g/t , Drill 

cutting is 1.50 g/t . and grab sample is 

1.73 g/t. 

 

f) Based on the detailed exploration 

(Diamond drilling and Exploratory 

mining) data, the feasibility report on 

Uti gold deposit indicates, the average 

grade for these 10 blocks (blocks 

considered for comparative studies) as 

2.30 g/t. 

 

g) The study of different sampling method 

and estimated grade infers that the grade 

of the channels, drill-cuttings & grab 

samples show  minor variations. 

 

h) The grade is declared only on the 

channel sampling method. The average 

grade of the 10 blocks of channel 

samples is 1.88 g/t, compared to the 

estimated grade of 2.30 g/t, which is in 

the conservative side. 
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3. Comparative statement of analytical results of samples from various laboratories (HGU & 

SGS, Lab Australia) 

 

Sl No. 

 

HGU Lab 

Au (g/t) 

SGS Lab 

Au (g/t) 

1 2.50 2.85 

2 1.90 2.99 

3 2.00 2.59 

4 1.90 2.31 

Average 2.07 2.68 

 

The perusal of the above assay data indicates that the grade (2.07 g/t) declared by HGML lab is on the 

conservative side compared to that (2.68 g/t) of SGS lab, Australia. 

4. Comparison of grades of channel sample, dump sample & leaching sample 

 

Sl. No. Dump No. Tonnage Channel 

sample 

grade. 

Au (g/t) 

Channel 

sample grade 

considering 

10% dilution 

Au (g/t) 

Dump 

sample 

grade 

Au (g/t) 

Leaching 

sample 

grade 

Au (g/t) 

1. UDM – 1 8232.00 2.70 2.43 2.27 2.20 

2. UDM – 2 8064.00 3.85 3.47 2.73 2.80 

3. UDM – 3 5040.00 2.70 2.43 3.60 5.60 

4. UDM – 4 6720.00 2.29 2.06 1.38 1.40 

5. UDM – 5 12600.00 2.41 2.17 2.57 3.50 

6. UDM – 6 4900.00 2.47 2.22 1.85 2.20 

7. UDM – 7 3360.00 1.01 0.91 0.82 1.00 

8. UDM – 8 3024.00 3.58 3.22 3.33 3.10 

9. UDM – 9 2520.00 2.70 2.43 1.78 2.10 

10. UDM – 10 9365.00 2.10 1.89 2.97 2.15 

11. UDM – 11 2184.00 1.01 0.91 0.66 1.00 

12. UDM – 12 1120.00 2.41 2.17 1.30 1.40 

 Total 67129.00 2.54 2.28 2.35 2.61 

 

a. The average grades of the channel samples, ore dump sampes and leaching samples are 2.28 g/t, 

2.35 g/t and 2.61 g/t respectively. 

b. Compared to the ore dump grade and leaching sample grade the channel sample grade is on the 

conservative side. 
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5. Ore dilution studies 

The ore zone was marked in the open-pit mine 

for the drilling and blasting. After blasting, again 

the area of the breaking is measured (Fig: 4). 

This study has indicated average 10% dilution. 

This dilution factor (10%) is applied to the 

channel sampling. 

 

6. Comparision of estimated reserve and 

production of ore 

Ore Reserve Estimated Ore Produced 

Tonnes Au (g/t) Tonnes Au (g/t) 

8,39,500 2.45 8,80,677 2.00 

OBSERVATIONS 

 

1. The blast hole/ drill-cutting sampling is 

generally good; this method is not 

implemented in Uti because we cannot 

collect both sludge & dust and for the 

reason, this will give a biased result as 

lighter material being lost, leaving only 

heavier material in sludge, which may lead 

to over estimation. Hence, only channel 

sampling is continued. 

2. The ore zone is demarcated on the ground 

for drilling & blasting. After blasting, 

breaking points are recorded & dilution 

studies have been done. Open mining 

carried out from ore to OB & care has been 

taken by quality control team, while loading 

the ore and 10% dilution factor is applied. 

 

DISCUSSION 

1. At each ore bench geological mapping, 

sampling was carried out; grade was 

estimated from the sampling data and an 

ore-waste boundary was defined. 

2. This provided a clear guidance for the 

mining geologist to re-configurate the mine. 

3. The transition between ore & waste is 

reduced. 

4. Ore loss & dilution are minimized (and are 

measurable). 

5. Ore is optimally assigned to stock piles of 

various cut-off-grades. 

6. These advantages significantly enhanced 

mine profitability and control of the mine 

grade. 

7. The success must be attributed not only to 

the sampling quality but also to the 

geological controls applied by the mining 

geologists on-site and to the adoption of the 

ore block optimization. 

8. Quality control map has helped & guided 

the mining geologist to re-define areas as 

required to mark out ore zone & OB in 

mine. 

9. The predicted tonnage & grade and the 

produced tonnage & grade are matching. 

10. The impact of changing mining strategies 

i.e selective mining vs. bulk mining can be 

rapidly assessed by such detailed studies. 

11. The management of grade control at Uti 

contributed towards the overall efficiency in 

making Uti Open-pit Mine as one of the 

most successful open-pit mining venture of 

the country. 
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PROCEEDINGS OF THE 

BRAIN STORMING SESSION 

ON 

SURFACE AND GROUND WATER RESOURCES OF ODISHA: 

STATUS, POLICY AND STRATEGY 

 

 

Brain Storming Session on ‘Surface and Ground 

Water Resources of Odisha: Status, Policy and 

Strategy’ was organised by the Society of 

Geoscientists and Technologists (SGAT) in 

association with the Geological Society of India 

on 20th May 2018 at Bhubaneswar as part of the 

latter’s Diamond Jubilee celebrations. It was 

attended by representatives of Geological 

Society of India, Geological Survey of India 

(GSI), Central Ground Water Board, Directorate 

of Geology (Govt. of Odisha), College of 

Agricultural Engineering and Technology 

(Orissa University of Agriculture and 

Technology), Odisha State Pollution Control 

Board, Odisha Environmental Society and 

council members of SGAT. The objective of the 

Session was to deliberate on the water resources 

potential of Odisha. The half-day session was 

inaugurated with Shri G.P. Mohapatro, Ex-Dy. 

Director General, GSI & Vice President, SGAT, 

in the Chair, and welcome address by Shri B.K. 

Mohanty, Advisor, SGAT, This was followed by 

excellent and thought provoking presentations 

and interactions from a galaxy of eminent 

scientists and engineers engaged in 

investigations and management of water 

resources in the state. 

 

Resource Potentials and Development Issues 

 

Leading the discussions Subhajyoti Das of 

Geological Society of India, apprised the 

participants of the background of the workshop. 

He touched in brief the major water management 

issues on the national scene. He narrated how 

development of river basins without 

consideration of the overall water potential of 

the basins, and environmental and ecological 

conservation are resulting in degradation of the 

river basins. He mentioned about sharp decline 

in flows of the Mahanadi, pollution of the 

Brahmani, and mining hazards of the Baitarani 

as examples and also pointed out the contrasting 

groundwater potentials of the two major terrains 

in Odisha, namely hard rock terrain and coastal 

alluvial tract. The former hosts limited to 

moderate groundwater reserve in the weathered 

residuum and underlying fracture zones which 

are unevenly distributed presenting 

complications in locating water saturated zones 

and in their exploitation. In contrast, the alluvial 

aquifers in the coastal tract though highly 

potential are beset with salinity and confronted 

with threat of overexploitation and sea water 

invasion. Delineation of freshwater aquifers and 

mapping hydrochemical profile are rather 

bizarre. The result is uneven and subnormal 

groundwater development in different parts of 

the state. He advocated for integrated river basin 

management to ensure water sutainability and 

equity for all sections of population, namely 

conjunctive use in the command areas and 

watershed treatment including rainwater 

harvesting and artificial recharge in the semi-

arid hard rock areas. Das also referred to the 

rampant nitrate and fluoride pollution of 

groundwater as bottlenecks in safe water supply 

in parts of the state. 

 

This was followed by an illuminating 

presentation of Dr. B.P. Das, former Engineer-in 

Chief, Irrigation, Odisha on the surface water 

resource of the state and their utilisation. He 

informed that Mahanadi, the lifeline of the state 

is now in dire straits, so also the multipurpose 

Hirakud Project due to mindless dam 

constructions and flow diversions in the upper 

riparian Chhattisgarh State posing a serious 

threat to the survival of the Mahanadi river 

itself. Health of rivers has never been considered 

by the planners. The result is deepening water 

crisis with years due to overexploitation of water 

by the riparian states. Interstate rivers like 

Mahanadi and Brahmani are in distress situation. 

With climate change, hydrological cycle will 

change, both surface water and ground water 

will be in strain. He opined that instead of 

fighting riparian states we should ensure proper 
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and optimal use of the resources at our end. At 

present only 35% of its total irrigation potentials 

from surface water in the state has been 

harnessed. By 2050 the state needs 80% of its 

surface water resources for harnessing. The 

balance resource is the bare minimum for 

environmental and ecological sustenance of the 

river and delta. The proposal of Inter-state 

Linking of Rivers involving massive lifting of 

flows of the Mahanadi for diversion to the 

perched peninsular rivers is not justifiable. 

 

A. Chowdhury, Scientist, of CGWB informed 

about stepped up groundwater utilisation in 

Odisha over the last decades without any 

significant decline of water level. He made a 

special mention of fluoride pollution in 

Nawapara, Khurda, Anugul, Boudh, Phulbani 

districts of the state. 

 

Resource Exploration and Conservation: 

Science & Technology 

 

N.K. Mahalik, Emeritus Professor of Geology, 

Utkal University, stressed the need of the 

scientific multidisciplinary investigations 

including sedimentological, mineralogical and 

paleontological studies as basic to the 

understanding of subsurface geology, 

stratigraphy and palaeo-depositional 

environments which determine the occurrence 

and distribution of coastal fresh water and saline 

aquifers. Such integrated scientific 

investigations are indispensable for coastal 

groundwater management. He cited DANIDA 

Drinking water investigations in Puri-Delang 

section of coastal Odisha, as an example, 

revealing two marine incursions in the 

geological past creating interlayering of fresh 

and saline water zones. Continuing the 

discussions Dr. S. Behera, Senior Scientist of 

Directorate of Geology, Odisha, in his 

welldocumented speech asserted the importance 

of multidisciplinary hydrogeological 

investigations aided by Remote Sensing and GIS 

in deciphering locales of groundwater in the 

hard rock terrain. Targeting groundwater in such 

terrains needs large scale hydrogeological maps. 

He illustrated the studies with an impressive 

analysis of satellite imageries. 

 

Prof. Nachiketa Das, Visiting Professor, 

Hiroshima Kokusai Gakuin University, Japan, 

referred to Mississippi-Missouri rivers carefully 

managed by extensive river engineering which 

includes systematic dredging every year. 

Likewise he urged Government of Odisha to 

dredge the entire length of the Mahanadi. The 

Hirakud reservoir has lost 30% of its capacity to 

siltation. The dredging of the reservoir must be 

preceded by a detailed bathymetric study. Other 

major rivers of Odisha, too, are all silted up and 

require dredging for revival. Citing the 

experience in Japan, he informed that micro-

dams in lieu of mega- dams will be more 

economical, environ friendly and easy to 

construct and manage. He advocated for 

launching construction of tens of thousands of 

micro-dams or check dams all over Odisha for 

the dual purpose of augmenting baseflows and 

sustainability of rivers, and enhancing 

groundwater recharge apart from benefits of 

flood protection. This will ensure resurgence of 

rivers in post-monsoon months. 

 

D.C. Sahoo of College of Engineering and 

Technology, OUAT, and H.C. Behera, Special 

Secretary of Water Resources Department also 

expressed their views and valuable opinions on 

varied aspects relating to water management. 

 

Management Policy and Strategies 

 

The state of Odisha depends largely on the 

southwest monsoon for its water resources. The 

annual precipitation is 230.70 BCM, the surface 

water availability from the state’s own drainage 

boundary is 82.841 BCM, out of which 65.679 

BCM is utilisable. Further, 37.556 BCM is 

annually available from the neighbouring states 

through interstate rivers out of which 29.861 

BCM is utilisable, but the latter is likely to 

decline to 25.272 BCM by the year 2051. The 

dynamic ground water resource of the state is 

16.69 BCM and the present stage of extraction is 

5.02 BCM. But its availability is highly uneven 

across the state. Managing ever-increasing water 

demand from the rapidly rising numbers of users 

in multiple sectors is perhaps the single greatest 

development challenge of the 21st Century. 

Climatic changes would further intensify this 

crisis. Out of the total water used in India, about 
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87 per cent is for agriculture, 8 per cent for 

industries and 5 per cent for domestic use, but 

the industries are the worst affected during water 

crisis since they are given the least preference in 

the National Water Policy. The water sharing of 

Indian industries will be growing along with 

growing GDP fuelling growth of industrial water 

sector. With the stress on irrigation and rapid 

industrialization and reduced inflows from the 

neighbouring States, moderate to limited but 

uneven availability of groundwater as also 

recurring droughts, the State has to resort to 

strong conservation measures. 

 

The State is heading towards a major water crisis 

following the State Govt’s recent proposal to 

construct seven major barrages on river 

Mahanadi and 22 additional weirs on the 

tributaries and branches of Mahanadi, in 

addition to the already constructed several 

barrages on Mahanadi by the Government of 

Chhatisgarh. This will cause decrease of water 

inflow into Hirakud reservoir. This along with 

heavy siltation over the years in Hirakud 

reservoir results in reduction in reservoir 

capacity, thereby affecting hydro-power 

generation and substantial reduction in supply of 

water to Bargarh and Sasan Canal systems, thus 

adversely impacting irrigation in the state and 

raising two crops in a year.. The reduced river 

flows may fail to meet ecological needs of the 

river and the delta, and prevent incursion of 

saline water into the river system. 

 

In short the deliberations highlighted the 

following strategic actions. 

 There is urgent need to undertake 

reassessment of water balance in the 

Mahanadi river basin, and take 

appropriate actions to restore the river 

flows by suspending all future plans of 

dams/barrages construction, and dredging 

of the river in order to prevent impending 

disaster. 

 The potential of surface water and ground 

water in the state should be optimally 

harnessed taking into account the 

environmental and ecological needs, and 

balance water potentials of the basin. 

 Integrated River Basin Management is the 

need of the hour: conjunctive use in canal 

commands; and watershed management in 

rainfed catchments combined with water 

conservation measures to avert chronic 

water scarcity. 

 Water logging and drainage congestion 

present a menace in canal commands and 

should be properly dealt with through 

conjunctive use and drainage 

improvement plans. 

 In the wake of environmental and 

ecological hazards micro-dams may be 

viable alternatives to large and medium 

dams. 

 Basin wise and area wise master plans of 

water resources development may be 

prepared taking into account environment 

and ecology. 

 The river basin management needs to be 

supported by a thorough knowledge of 

hydrology and hydrogeology gained 

through detailed hydrogeological surveys 

aided by Remote sensing, Geophysics and 

exploration revealing subsurface profile, 

especially in hard rocks. Heliborne TMT 

system is an innovative technique for 3D 

subsurface imaging. In the coastal tract 

hydrogeological studies combined with 

deep exploration and geophysical 

borehole logging should be undertaken to 

delineate deep freshwater aquifers and 

saline-fresh water interface for coastal 

water management. 

 Based on microlevel surveys aided by 

remote sensing and geophysics village 

wise maps of landuse, soil, hydrology, 

geology, landforms may be prepared 

delineating surface water and ground 

water potentials, and favourable areas for 

development. 

 Groundwater draft should be controlled 

and restricted within annual recharge 

potential, especially in the coastal areas by 

enacting stringent groundwater 

legislation. Safe well spacing norms 

should be followed to avert well 

interference in coastal areas. 

 The network of ground water monitoring 

stations and stream gauges need to be 

strengthened adequately and automated, 

especially in the sensitive coastal areas. 
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This will help in acquisition of time series 

data, in trend analysis, improved flood 

forecasting, and also adverse impact of 

development on groundwater regime like 

overexploitation or pollution. 

 Nitrate and fluoride pollution is 

threatening sustainability of groundwater 

in places. Remedial measures like 

defluoridation and denitrification 

techniques, and artificial recharge for 

dilution of pollution should be adopted to 

improve drinking water quality. 

 The vast saline or brackish water 

resources in coastal Odisha need to be 

explored and assessed for irrigation of salt 

tolerant crops after blending of fresh 

water with saline water, as also for use in 

salt industries, prawn farming, and 

desalination for drinking purposes. 

 The long coast line of Odisha is 

susceptible to sea level rise and 

inundation of coastal plains in the wake of 

climate change and global warming as 

already reported in Satbhyaya. Water 

conservation including seawater intrusion 

control and regulation of ground water 

draft are some of the mitigation measures. 

CGWB’s Pilot Project of Artificial 

Recharge of coastal brackish aquifers 

using creek water in Basudevpur block of 

Bhadrak district, presents a replicable 

model in other parts of the coastal tract, 

too, for freshening brackish aquifers and 

controlling seawater intrusion. 

 Piped water supply schemes based on 

bore wells or perennial river flows, and 

Ranney wells should be given top priority. 

Scientific source finding work in the line 

of Technology Mission on Drinking 

Water of the eighties should be continued. 

High elevation springs in Rayagada, 

Gajapati, Phulbani and other hilly districts 

should be conserved and developed for 

water supplies to the tribal villages. In 

hilly and urban areas roof top rain water 

harvesting, too, may be a solution to water 

scarcity. 

 Treatment and recycling of waste waters 

should be made mandatory for industries 

and in urban areas. 

 Practice of micro irrigation including 

sprinkler and drip irrigation, and use of 

water efficient industrial processes should 

be more and more encouraged for 

economizing water use. 

 Restoration and augmentation of base-

flows in rivers through watershed 

treatment using traditional knowledge and 

practices should be given top priority for 

sustainability of surface and ground 

waters. 

 In view of inordinate delays in decision 

making by Tribunals or by Judicial 

intervention in water disputes as the crisis 

gets aggravated, water sharing between 

the neighbouring states and Odisha needs 

to be resolved by mutual discussion and in 

a spirit of accomodation. 

 

The above strategic considerations should be the 

cornerstone of the State’s Water Policy. The 

session was coordinated by Shri B.K. Mohanty, 

Advisor and Shri Girija Mohapatra, Vice 

President, SGAT, assisted by Shri Sujit Kumar 

Mohanty. 

 

 

********* 
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 SGAT News 

 Environment-cum-Mineral Awareness 

Programme (EMAP): The winning school 

teams from each of the 14 regions 

participated in the 29
th 

State Level EMAP 

held on 6
th

& 7
th
January, 2018  for the year 

2016-17 at Bhubaneswar. Schools 

participated are Rairangpur High School, 

Rairangpur; Nirmala Convent School, 

Keonjhar; St. Mary School, J K Road; Jindal 

School, Soyabali, Barbil; D A V Public 

School, Tensa; Atomic Energy Central 

School, IRE Colony, Matikhalo; D A V 

Public School, Pokhariput, Bhubaneswar; 

Aditya Birla Public School, Nuapada; Govt. 

Girls High School, Bhawanipatna; DAV 

Kalinga, MCL,Talcher-; DAV Ib Thermal, 

Banharpali; DPS, Damanjodi; Sri Aurobindo 

Integral Education & Research Centre, 

Biramitrapur; Brilliant Stars School , 

Udaipur(Tripura). For the first time a school 

from Tripura of North East Region 

participated. 

 

The programme comprised of visits to 

Regional Museum of Natural History, 

Regional Science and Pre-historic Life Park, 

Meteorological Centre and Regional Plant 

Resource Centre; written test; identification 

of photographs, rock and mineral samples 

and plant specimens, elocution and oral quiz.. 

 

The concluding session was graced by the 

presence of Dr. P K Mishra, IAS (Retd), 

Former Secretary to Govt. of India , Ministry 

of Coal as the Chief Guest. Other dignitaries 

present include Dr. S Rath, Dr. S. K.Tamotia 

President SGAT, and Shri R N Praharaj, 

Director (Project and Planning), OMC. 

 

Delhi Public School, Damanjodi was 

adjudged the overall best team of the event. 

The participation of first timer Brilliant 

Public School, Agartala Tripura was 

appreciated with a special prize. The 

programme was coordinated by Shri B K 

Mohanty, Advisor, SGAT. 

 

During 2017-18, as many as 12 major 

industrial and mining areas of Odisha were 

covered by Regional EMAP.  The activities 

were spread during the period October-

December 2018 and were supported by M/s 

Lal Trades and Agencies, Patnaik Minerals, 

Tata Steel JSPL, EMIL, Rungta Mines Ltd., 

Vedanta Aluminium, Utkal Alumina 

International, OSCOM, MCL, OMC, OCL 

India Ltd. and NALCO. Logistic support and 

coordination at the regional level were 

provided by Deputy Director of Mines of 

Joda, Koira, Jajpur Road Circles, Mining 

Officers of Baripada, Berhampur circles, Dy. 

Director of Geology, Sambalpur Zone and 

Regional Managers of OMC at Barbil, Jajpur 

and Keonjhar. The State Level EMAP for 

2017-18 is scheduled to be held on 12-13 

January, at SGAT, Bhubaneswar. 

 

 International Earth Science Olympiad-

2018: The Entrance Examination for the 

International Earth Science Olympiad was 

conducted by SGAT in its own building on 

21 January, 2018. SGAT was represented by 

Shri B K Mohanty, Advisor (Centre In-

Charge), Sri Girija Prasad Mohapatra 

(Invigilator), Sri J R Patnaik, Sri T Mohanta, 

Shri J.K.Hota, Dr. S.C.Mahala, Shri 

M.Nayak, Shri S K Mohanty and Shri 

A.B.Panigrahi, General Secretary. Twenty 

two students representing BJB English 

Medium School, DAV Public Schools, Unit-

8 and Pokhariput and Mothers Public School 

and KIIT International School had registered. 

Nineteen students took the test. The SGAT 

team evaluated the answer sheets and made 

all arrangements for holding the test. The 

answer sheets, expenditure statement and all 

other relevant papers were sent to Geological 

Society of India. 

 

 Vision Document 2030: Govt. of Odisha had 

entrusted SGAT the job of preparing Vision 

Document 2030 for Steel and Mines 

Department. Accordingly, the Document was 

structured under twelve chapters namely 

Mineral Exploration; Laboratory Facilities; 

Legislative Provisions; Statutory 

Requirements and Approvals; Mineral 

Concessions; Mining; Infrastructure; Mineral 

based Industries; Education & Training; 

Mining Revenue and Budget Provision; 

Corporate Social Responsibility and 
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Administration & Organisational setup. The 

final draft had been submitted to the Director 

of Mines on 16 August 2017. Since no 

comments were received from Director of 

Mines even after reminders the Document 

was submitted in final form in March 2018. 

The Government of Odisha formed a 

committee of Senior Officers from various 

State Government Offices to vet the Vision 

Document prepared by SGAT. The 

Committee sought a presentation of the 

Document. Accordingly a Power point 

presentation on the Document was made to 

the Committee on 16.08.2018 in the 

Conference room of Director of Mines, 

Odisha. The observations from the 

Committee through the Director of Mines 

have been received on 13.11.2018 which is 

under compliance. 

 

 Guest Lecture: Shri S.K.Jena, former 

Deputy Director General, GSI recipient of 

National Geoscience Award, 2017 delivered  

a presentation on 21.04.2018 on "Scope for 

Mineral Exploration in India with Special 

Reference to Iron Ore" at SGAT Conference 

Hall. 

 

 The Brain Storming Session on “Surface 

and Ground Water Resources of Odisha – 

Status, Policy and Strategy” was organised 

on 20
th

 May, 2018 at SGAT, Bhubaneswar 

jointly by Society of Geoscientists and Allied 

Technologists and Geological Society of 

India, Bengaluru. Shri B.K.Mohanty, Advisor 

SGAT informed that the Brain storming 

session has been convened at the request of 

Geological Society of India, on completion of 

60 years of its creation. It was participated by 

representatives of Geological Society of 

India, Geological Survey of India, Central 

Ground Water Board, Directorate of 

Geology, Govt. of Odisha, College of 

Agricultural Engineering and Technology, 

OUAT, Odisha State Pollution Control 

Board, Odisha Environmental Society and 

council members of SGAT. Excellent and 

thought provoking presentations were been 

made by Dr. B P Das, former Engineer-in 

Chief, Irrigation, Odisha; Prof. Nachiketa 

Das, Visiting Professor, Hiroshima Kokusai 

Gakuin University, Japan; Prof. N K 

Mahallik; Regional Director, CGWB; Shri 

Subhransu Mishra,Directorate of Geology 

and Dr. S Das of Geological Society of India. 

 

Salient recommedations are: 

 The State is heading towards a major 

water crisis following construction of 

several barrages on Mahanadi by Govt. of 

Chhatisgarh. Recently the State Govt has 

proposed to construct seven major 

barrages on river Mahanadi and 22 

additional weirs on the tributaries and 

branches of Mahanadi. The objective is to 

utilize the surplus water flowing into the 

sea for the purpose of drinking and 

irrigation.  But this will not avert the crisis 

created by Govt. of Chhatisgarh. 

 Heavy siltation in Hirakud reservoir over 

the years has resulted in reduction in 

reservoir capacity. This is also the 

situation in all other rivers of the State, 

lakes and ponds. Therefore, there is urgent 

need is to undertake dredging of all water 

bodies and reservoirs of the state. 

 The State Govt. should construct 

thousands of micro dams on 

rivers/streams in hilly tracts of the State, 

setting up of plants for desalination of sea 

water, water harvesting structures and 

massive plantation particularly along the 

banks of the rivers. 

 

The Session was coordinated by Shri B K 

Mohanty, Advisor and presided by Shri 

Girija Prasad Mohapatra, Vice President, 

SGAT.  

 

 Mineral Development Awareness 

Programme (MDAP) 2018: The 28th 

MDAP programme was organized by SGAT 

from 24 to 26 August, 2018 at Joda. There 

were 21 teams from various Institution like 

IIT (Indian School of Mines), Dhanbad; IIT, 

Kharagpur; IIEST, Shibpur; NITs of 

Rourkela &Raipur; Government College of 

Engineering , Keonjhargarh; Jadavpur, 

Presidency, Utkal, Sambalpur,  Ravenshaw 

and AKS (Satna) Universities; University 

College of Engineering, Kothagudam 

(Telengana);  Khallikote  Autonomous 
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College; IGIT, Sarang and D.D. Autonomous  

College, Keonjhar. The team from NIT 

Raipur was adjudged the best team in the 

competition. 

This year's programme was sponsored by 

Tata Steel and supported by Department of 

Steel & Mines,  Govt. of Odisha. Rungta 

Mines, Essel Mining and Industries, Tata 

Sponge Iron Ltd. and MGM Minerals. The 

concluding session was graced by the 

presence of Mr. Manish Mishra, GM (OMQ) 

as Chief Guest. Department of Steel & 

Mines, Odisha  was represented by  Shri S.K. 

Nayak, DDM, Joda and Shri J.P. Behera,  

Deputy Director of Geology.  

SGAT was represented by Shri 

B.K.Mohanty, Advisor,  Shri A.B. Panigrahi, 

General Secretary, Shri T.Mohanta, Joint 

Secretary, Shri Sujit K. Mohanty and Shri 

N.R. Patnaik, Executive Council Members.  

They along with  Shri J.P. Behera, Deputy 

Director of Geology, Directorate of Geology 

supervised and evaluated all the tests under 

the programme. The programme was 

coordinated by Shri B.K.Mohanty, Advisor. 

 

 54
th

 SGPB meeting: 54
th
 meeting of State 

Geological Programming Board was 

organised in the Convention Hall of Hotel 

Mayfair Lagoon, Bhubaneswar on 25
th
 

August 2018. Shri R K Sharma, Principal 

Secretary to Govt. of Odisha, Steel & Mines 

Department chaired in the meeting. SGAT 

was represented by Dr B M Faruque and Mr 

G C Das. Dr. Faruque, appreciated GSI and 

DG(O) for their geological investigation 

programme for iron & manganese ore. He 

informed the house regarding the importance 

of lithium and occurrence of lithium mica in 

cassiterite bearing pegmatite in south 

Chhatisgarh. He also suggested to focus on 

lepidolite (source for lithium) exploration 

programme in the Tin fields of Koraput. 

Regarding manganese ore, he informed the 

house about the discontinuous manganese 

belt starting from Rayagada to Angul district 

revealed from regional geochemical mapping 

by GSI. Khondalite contact with calc-

granulite is one of the indicator parameters 

for manganese ore which should be given 

priority for exploration activity. He also 

suggested focusing bauxite exploration in 

Boudh and Kandhmal districts. He 

appreciated AMD for radioactive mineral 

exploration work and Human resource 

development activity like summer training 

programme for University students.The 

Agenda Proposed by SGAT was also 

discussed and recorded for further action. 

 

 Documentary Film on MDAP-2018: A 

Documentary film on MDAP-2018 has been 

prepared with a comprehensive view of the 

programme, the response of the students and 

the mining industry. Shooting of various 

parts the programme such as visit to mines, 

metallurgical plants, environment protection 

measures, identification of mineral samples 

& satellite imagery, quiz, valedictory 

function etc. have been covered .This film 

has been uploaded in the Facebook site of the 

Society. 

 

 Comments: Society has studied and offered 

comments on draft National Mineral Policy, 

2018. 

 

 Donation to the Chief Ministers Relief 

fund of Kerala: In view of the large scale 

disaster in the Kerala state due to the 

unprecedented floods the Society, as per the 

decision of the Executive Council, donated a 

sum of Rs1,00,000/-(Rupees one lakh only) 

as contribution in the Chief Minister's 

Distress Relief Fund (CMDRF) of Kerala 

state through the website 

https://donation.cmdrf.kerala.gov.in. 

 

 Museum and Library: Museum, with 

efforts principally from Dr. R.C.Mohanty, 

Shri R.N.Patra , Shri G.C. Das, Dr. S.C. 

Mahala, Dr. B.M.Faruque and Shri 

J.R.Patnaik ,has been made ready for 

inauguration on 23
rd

 December 2018 

coinciding with the Workhop and AGM. 

Library has been offered more books and will 

be made functional in 2019. 

https://donation.cmdrf.kerala.gov.in/
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Participants of State Level EMAP being 

explained the meteorological processes by Shri 

Sarat Chandra Sahu, Director, IMD, 

Bhubaneswar on 06.01.2018 

Participants of State Level EMAP in front of 

Indian Meteorological Department, Bhubaneswar 

with Shri Sarat Chandra Sahu, Director 

  

Participants of State Level EMAP in front of 

Regional Museum of Natural History on 

06.01.2018 

Written Test of the participants of State Level 

EMAP in progress at SGAT building on 

06.01.2018 

  

Participants of State Level EMAP assembled in 

the Conference Hall of SGAT for identification 

of photographs on 06.01.2018 

Participants of State Level EMAP enjoying the 

scenic view of Ekamra Kanan, Bhubaneswar on 

07.01.2018 
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Participating students and teachers in Ekamra 

Kanan, Bhubaneswar on 07.01.2018 

Identification of rock and mineral samples at 

SGAT building by participants of State Level 

EMAP on 07.01.2018  

  

Identification of leaves of plants at SGAT 

building by participants of State Level EMAP on 

07.01.2018  

Participants assembled in the Conference Hall of 

SGAT building for the Oral Quiz programme on 

07.01.2018 

  

Dr Tilottama Basa and Shri Shubhransu Mishra 

as scorers alongside Shri B K Mohanty, Advisor 

during Oral Quiz Programme on 07.01.2018 

Dr S K Tamotia and Shri P K Mishra giving 

away prizes to the participants of State Level 

EMAP on 07.01.2018 
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Shri R N Praharaj handing over the Winner 

Certificate of Written Test during State Level 

EMAP on 07.01.2018 

Shri P K Mishra handing over the Winner Trophy 

to the students and teacher of Delhi Public 

School, Damanjodi 

  

The winners of the State Level EMAP with the 

guest and organisers at SGAT Conference Hall 

on 07.01.2018 

The participants of the State Level EMAP with 

the guests and organisers at SGAT Conference 

Hall on 07.01.2018 

  

Identification of rocks, minerals, ores and 

metallurgical products during Mineral 

Development Awareness Programme in Joda 

Valley Club on 24.08.2018 

Interpretation of Satellite Imagery during Mineral 

Development Awareness Programme in Joda 

Valley Club on 24.08.2018 
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Participants of MDAP assembled in Joda Valley 

Club for the Oral Quiz programme on 26.08.2018 

Shri Joy Prakash Behera and Shri Sujit Mohanty 

maintaining the scoresheet during the Oral Quiz  

in Joda Valley Club on 26.08.2018 

  

B K Mohanty, Advisor, SGAT; Manish Mishra, 

GM OMQ, Tata Steel; P K Panda, Sr. President, 

EMIL & S K Nayak, DDM, Joda in Joda Valley 

Club during MDAP on 26.08.2018 

Shri Manish Mishra, GM OMQ, Tata Steel 

handing over prizes to the winners of MDAP, 

2018 at Joda Valley Club on 26.08.2018 

  

Ankit Sharma and Suyash Sinha of NIT, Raipur 

receiving the Overall Best Trophy from Shri P K 

Panda, Sr. President,EMIL at Joda Valley Club 

during MDAP on 26.08.2018 

The organisers and guests during MDAP at Joda 

Valley Club on 26.08.2018 
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 News About Members 
 

 Dr. Danda Srinivas Rao has been promoted 

to Chief Scientist from Senior Principal 

Scientist (CSIR-IMMT, Bhubaneswar) with 

effect from June 2015. 
 

He has received LALA RAMKISHORE 

SINGHAL AWARD for outstanding 

contribution in the field of Conservation of 

Minerals; awarded by the Mining, Geological 

& Metallurgical Institute of India, Kolkata on 

29/09/2018. He also received the IIME 

MINERAL/ COAL BENEFICIATION 

AWARD ACADEMIC/ R & D for 

outstanding professional contributions to 

Mineral Engineering, instituted by Indian 

Institute of Mineral Engineers on 10/10/2018. 
 

 Shri Subhajyoti Das was conferred ” Life 

Time Achievement Award ‘ by Indian 

Society of Applied Geochemists, Hyderabad 

during its Silver Jubilee Annual General 

 Meeting on 19
th

 September 2018. It was in 

recognition of his contribution to Earth 

Sciences in general and Applied 

Geochemistry in particular. 
 

He also delivered Legendary Prof. C. 

Mahadevan Endowment Lecture in Perriyar 

University at Salem, Tamil Nadu, on 

21.9.2018 during the Annual General 

Meeting of Geological Society of India 

(Bangalore). The topic of the well attended 

Lecture was “FRONTIERS OF 

HYDROGEOLOGY: Seven Decades in 

India”. 
 

 On invitation from the Project Leader of 

UNESCO-IGCP Project 639, Dr. B. M. 

Faruque attended the 3rd Annual Conference 

at the University of Aldo Maro in Taranto 

city of Italy from 15 to 24 September 2018 

where he presented his paper “Imprints of 

Last Glacial Cycle along the coastal tracts of 

Eastern India”. 
 

Dr. B. M. Faruque, former Vice President of 

Orissa Environmental Society, was awarded 

the honorary title of Fellow of the Orissa 

Environmental Society, for his contribution 

in the field of environment, during the 

Annual General Meeting of the Orissa 

Environmental Society, on the 4
th

 November 

2018. 
 

 Dr. Jayant K Routray, has been awarded the 

status of Professor Emeritus, on 14 

December 2018 by Asian Institute of 

Technology, Thailand, in recognition of his 

continuous distinguished service as Professor 

at AIT, outstanding international professional 

status, as well as his significant academic 

contributions to the Institute through 

teaching, research, professional work, and 

community service. 
 

 Shri G. S. Khuntia, Chairman, MGMI 

Bhubaneswar Chapter and Vice President 

SGAT has been honoured by The Institution 

of Engineers (India), Odisha State Centre, 

Bhubaneswar on the 51
st
. Engineers day for 

his  valuable contribution for the professional 

development of engineering fraternity of the 

State in last few decades with a scroll of 

HONOUR, Certificate on  15th September, 

2018. 
 

 Dr. S.K.TamotiaI President SGAT and Dean 

cum Director General & Vice Chairman 

Bhavan’s Centre for Communication and 

Management have been conferred “Elder 

Engineers of the State” award on the 51
st
. 

Engineers day by The Institution  of 

Engineers (India), Odisha State Centre on 

15th September, 2018 . He was felicitated for 

outstanding contribution by National Institute 

of Personnel Management, Bhubaneswar. 
 

 Prof. O. P. Varma, a nonagenarian 

geoscientist, was honoured by Mining, 

Geological & Metallurgical Institute of India 

(MGMI) for his meritful services during the 

National Seminar on “Management of 
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Excavations Stability” on Saturday, the 29
th
 

Sept. 2018, held at Kolkata. 
 

In recognition of his outstanding 

contributions to geological sciences, Prof. O. 

P. Varma was also conferred with Dr. J. 

Coggin Brown Memorial (Gold) Medal 

2017-18. 
 

 A paper entitled "Zircon geochronology of 

deformed alkaline rocks along the Eastern 

Ghats Belt margin: India-Antarctica 

connection and the Enderbia continent" 

authored by Shri Jayanta Kumar Nanda (in 

collaboration with faculty members and 

Research scholars of Deptt. of Geology & 

Geophysics, IIT, Kharagpur) has been 

published in the International Journal 

Precambrian Research 310 (2018). 
 

Another paper entitled "The geological 

evolution of the Gangpur Schist Belt, eastern 

India: Constraints on the formation of the 

Greater Indian Landmass in the Proterozoic 

authored by Shri Jayanta Kumar Nanda (in 

collaboration with faculty members and 

Research scholars of Deptt. of Geology & 

Geophysics, IIT, Kharagpur) has been 

accepted for publication in the International 

Journal of Metamorphic Geology on 13 

September 2018. 

 

 Dr. Subhransu Bhusan Ray was felicitated by 

the Alumni Association, Department of 

Geology, Utkal University, Bhubaneswar on 

11.02.2018 for his contribution to earth 

science studies. 
 

 Shri Sarat Kumar Jena, received National 

Geoscience Award - 2017 on 16
th
 May 2018 

from Hon'ble President of India for the 

significant contribution in mineral discovery 

& exploration of economic importance and 

application of innovative techniques,  

awarded by Ministry of Mines, Govt of India. 
 

 Dr. Devi Prasad. Mishra, has been awarded 

with the prestigious MEAI - Smt. Bala 

Tandon Memorial Award 2017-18 by the 

Mining Engineers' Association of India 

during the 45th Annual General Meeting of 

MEAI held in Jaipur on 30th June, 2018 for 

his contribution in improving Ecology and 

Environment in Mining and Mineral 

Industries. 
 

 Dr. Prabhakar Sangurmath was awarded 

“John Dunn Medal 2017 – 2018” by MGMI 

on 29 September 2018 at Kolkata in 

recognition of his outstanding service to the 

Indian Mineral Industry. 

 

 New Members 
 

852 Mr. Raghuraj Singh Raghuwanshi 

General manager-Corporate Affaires 

Jindal Steel & Power Ltd. 

3, Forest Park, 

Bhubaneswar-751009 

Odisha 

853 Dr. Shivakumar Angadi 

Scientist, 

Mineral Processing Department 

CSIR-IIMT, 

Bhubaneswar-751013 

Odisha 

854 Dr. Ranjan Kumar Dwari 

Scientist, 

Mineral Processing Department 

CSIR-IIMT, 

Bhubaneswar-751013 

Odisha 

855 Dr. Kirti Ranjan Mallick 
Asst. Professor 

P.G. Department of Geology, 

Utkal University, 

Vani Vihar, Bhubaneswar-751004 
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Obituary 

 

RAMA KRUSHNA BEHERA 

(30
th
 Jan 1934 – 6

th
 Jan 2018) 

 

Shri Ram Krushna Behera was born on 30 January 1934 in the town of Rajahmundry, on the banks of 

Godavari, in Andhra Pradesh, although, he belonged to Berhampur in Odisha. After studying in several 

schools and colleges, in Odisha, he finally obtained his M.Sc. degree in Geology from Andhra University 

in Visakhapatnam. 

He joined the Directorate of Mining and Geology in the year 1956 as Mining Officer and had a short stint 

on deputation, as the Principal-in-charge of Orissa School of Mining and Engineering in Keonjhar, 

Odisha, in 1957 and reverted back to the Directorate of Mining and Geology, Orissa. He was associated 

with investigation for Coal. Promoted to the rank of Deputy Director in 1965 he discharged his duty in 

mineral administration. He underwent a short course in Remote Sensing from the erstwhile National 

Remote Sensing Agency in Secunderabad in the year in 1978. He was associated with supervision of 

Mineral Administration in the state, before he superannuated as Director of Mining and Geology, Govt of 

Odisha in January 1992. He took interest in the activities of SGAT as a member. 

He was very sociable and has left fond memories in the minds of people who came in contact with him, 

either professionally or on social platform. He breathed his last on 6
th

 January 2018 after a brief period of 

illness. 

The members of the Society of Geoscientists and Allied Technologist are deeply pained by his sad demise 

and pray to the Almighty for his soul to rest in peace. 

 

SGAT Family    
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Obituary 

 

 

 

PRAVASH CHANDRA RATH 

 

(16
th
 Jan 1947 – 5

th 
Apr 2018) 

 

 

Pravash Chandra Rath, a veteran geologist of Geological Survey of India, and a member of Institution of 

Geoscientists Odisha, breathed his last on the 5
th

 April 2018, in Delhi, amidst members of his family and 

friends. 

Pravash Chandra Rath was born on 16 January 1947 in Kumarang Sasan of Khurda district. He completed 

his Master’s degree in Geology from the then Ravenshaw College, Cuttack in the year 1970. He joined 

Geological Survey of India, Western Region at Jaipur, Rajasthan in 1971. He sharpened his mapping and 

exploration skills with projects on phosphorite, wollastonite, lead and zinc deposits in Rajasthan. In the 

year 1976 he came on transfer to Odisha and joined the team of East Coast Bauxite Project. Later he was 

associated with exploration for chromite in Sukinda and Nausahi. He also worked for limestone, 

gemstones and diamond in western Odisha. He had a stint in Meghalaya where he carried out exploration 

for bauxite and sillimanite. After undergoing training on GIS software and database management he 

supervised digitization and compilation of geological maps. 

As a Director he supervised and guided the officers in Thematic Mapping in Chhattisgarh, geological 

appraisal for diamond deposits in western Odisha, exploration for chromite deposits of central Odisha and 

National Geochemical Mapping projects in Odisha. He was associated with development of the 

Petrological Laboratory of Operation Odisha, GSI. 

Pravash Chandra Rath was known for being conspicuously silent and for his down to earth modesty and 

maintained cordial relation with every colleague. He laid down his office on 31
st
 January in 2007 at 

Bhubaneswar. He started his second innings by looking after his small family. He is bereaved by his wife, 

son and daughter. The members of the SGAT pray the Almighty to bestow peace to the departed soul. 

 

 

SGAT Family    
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Obituary 

 
DR. BANSHIDHAR PANDA 

(26
th
 November 1931 – 22

nd
 May 2018) 

 

Born in Madhuban village, near Barang in Cuttack district on 26
th
 November 1931, Dr Banshidhar Panda 

completed his studies from Banaras Hindu University (BHU), Harvard and Michigan Technological 

University. He held senior positions in US Steel Corporation, Guest Keen & Nettlefolds of England and 

Phillips Limited of Holland. He wound up his prestigious assignments abroad and returned to India in 

1960s to pioneer the production of Ferroalloys & Silicon Metal. Starting from scratch in Therubali, in the 

then Koraput district, he transformed it to a well-developed township equipped with all modern 

amenities, which is a lasting tribute to his achievements. 

He had received Visveswaraya Samman in the year 2001 from The Odisha Engineers' Forum. He had 

received the degree of Doctor of Literature (Honoris Causa) from Utkal University on 2
nd 

March 2012 and 

the degree of Doctor of Science (Honoris Causa) from National Institute of Technology, Rourkela on 10
th 

July 2015 (during 2
nd 

Special Convocation at Bhubaneswar). He had also received the Bhavan's Samman 

Odisha-2015 from Bharatiya Vidya Bhavan, Bhubaneswar Kendra on 9
th 

August 2015. He was also the 

recipient of Life Time Achievement Award, 2015 of the Society of Geoscientists and Allied 

Technologists. 

He took keen interest in promoting the rich cultural heritage of Odisha through active participation in the 

social and charitable activities of the India Metals Public Charitable Trust IMPaCT, which has instituted 

the prestigious Sarala Award for Art & Literature and Ekalabya Puraskar for excellence in sports besides 

undertaking many other activities and programmes. 

Dr Panda's contribution to Odisha far exceeds than that of promoting IMFA Group. His keen interest to 

see a vibrant Odisha by making full utilization of its vast mineral and other natural resources has sparked 

a dream in many young Odias and given them a striking example and the will to succeed. 

Although Dr Panda shuns any publicity, the nation, in recognition of his services to humanity in general 

and deprived section of the society in particular, has given him a place in the National Archives for 

Posterity in 2004. 

Dr Bansidhar Panda, the eminent scientist of international repute, founder of Indian Metals and Ferro 

Alloys Ltd. and the Executive Chairman of IMFA group left for heavenly abode on 22
nd

 May 2018. 

The Society deeply mourns the demise of this great visionary and pray for his soul to rest in peace. 

SGAT Family    
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Obituary 

 

DR. RABI NARAYAN MISHRA 

 

(2nd Sept 1940 - 25th August 2018) 

 

Rabi Narayan Mishra was born on 2
nd

 September 1940. He obtained his Master’s Degree in Geology from 

Ravenshaw College, and was awarded the Gold Medal as topper. He joined the Geolgical Survey of India 

in 1968 and was conferred Doctorate (Ph. D) in 1979. 

Dr. R. N. Mishra was associated with detailed geological study of the Sandur Schist Belt of Dharwar age 

in Bellary district, Karnataka, deciphering their sedimentary setting, metamorphic grade, structure and 

tectonic set-up, in the Pre-Cambrian and identified Kumaraswami iron ore deposit for detailed exploration 

and exploratory mining. While on deputation to MECL, he carried out the exploration of Chiria iron ore 

deposit in Jharkhand state. As Director, he supervised Gadag and Hutti Gold ore deposits. Dr. Mishra’s 

last phase of active field work took him to the Western Zone of the Airborne Survey & Exploration Wing, 

Rajasthan, which culminated in the discovery of a base metal deposit at Kayar. He laid down his office on 

superannuation as Deputy Director General, Coal Wing, GSI. 

He had been a prolific writer with counts upto 275 papers which includes scientific papers, review articles 

and popular science articles and Odia popular science papers in Sansara, Bigyan Diganta and Odia Jojana. 

He breathed his last on the 25
th

 August 2018. 

The members of Society of Geoscientists and Allied Technologists deeply grieved on his sad demise and 

pray for his soul to rest in peace. 

 

SGAT Family    
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 SUBMISSION OF PAPERS FOR SGAT 

BULLETIN (Instruction to Authors) 

Research papers, review articles, short 

communications, announcements and letters to 

editors are invited on topics like geosciences, 

mineral exploration, mining, materials science, 

metallurgy, mineral industry and trade, mineral 

economics, environment, education, research 

and development, legislation and infrastructure 

related to mining, mineral policy and mineral 

development planning.  

Submission of manuscript implies that the same 

is original, unpublished and is not being 

considered for publication elsewhere. Two 

copies, complete in all respect (with copies of 

figures and tables) are required to be submitted. 

Originals of figures and tables should be 

enclosed separately. Each manuscript must 

accompany a soft copy of the entire material 

prepared in Microsoft Word. The figures, if any, 

may be submitted in JPEG/ TIFF/ BMP format. 

Both the text files and figures may be written on 

a CD/DVD and should be submitted with the 

manuscript. The copies of manuscripts, strictly 

in accordance with the instructions to authors 

given below may be sent to the editor of the 

bulletin.  

 

Journal Format: A-4/ Letter size 

Language:  English 

Manuscripts:  Manuscripts should be computer 

typed in double spacing with wide margins in 

one side of A-4/ Letter size paper (size 12 point 

Times New Roman font). The title page should 

include the title of the paper, name(s) of 

author(s) and affiliation(s). The title should be as 

brief as possible. An informative abstract of not 

more than 500 words is to be included in the 

beginning. Not more than 5 key words are to be 

listed at the end of the abstract. Text of research 

papers and review articles should not exceed 

4000 words. The short communication is for 

quick publication and should not exceed 1200 

words. 

Headings: Different headings should be in the 

following format. 

(a) Title: Centrally aligned, bold, capital 

(b) Author(s): Centrally aligned, short name, 

bold, first letter of all words capital 

followed by communication address (Not 

Bold, Italic) 

(c) Abstract: Justified alignment, italic, bold 

heading 

(d) Key words: Justified alignment 

(e) Primary heading: Left aligned, bold, 

capital 

(f) Secondary heading: Left aligned, first letter 

of each word capital 

(g) Tertiary heading: Left aligned, first letter 

of first word capital 

(h) Acknowledgements: Left aligned, bold, first 

letter capital 

(i) References: Left aligned, bold, first letter 

capital 

(j) Figure Caption: Centrally aligned, first 

letter of first word capital, below the figure 

(k) Table Caption: Centrally aligned, first letter 

of first word capital, at the top of the table  

 

Illustrations: All illustrations should be 

numbered consecutively and referred to in the 

text. They should confirm to A-4/ Letter size and 

carry short captions. Lettering inside figure 

should be large enough to accommodate up to 

50% reduction. One set of hard copy of all 

figures (either tracing in ink or laser prints) 

should be provided in a separate envelope 

marked “Original Figures”. Photographs should 

be of good quality with excellent contrast, 

printed on glossy paper. Colour photos are 

acceptable. Figure captions should be provided 

on separate sheet.  

 

Tables: Each table must be provided with a brief 

caption and must be numbered in the order in 

which they appear in the text. Table should be 

organised within A-4/ Letter size and should be 

neatly typed for direct reproduction. Tables will 

not be typeset by the printer, so their clarity and 

appearance in print should be taken into account 

while the author(s) prepare(s) them. Use of 10 

points Times New Roman/ Arial Font for table 

is recommended. 

 

References: 

 

(a) References in the text should be with the 

name of the author(s) followed by the year 



 

SGAT BULLETIN VOL. 19, NO. 1, JUNE & DECEMBER 2018 

68 

of publication in parenthesis, i.e. Patnaik 

(1996); Patnaik & Mishra (2002); Nayak et 

al. (2001) 

(b) Reference list at the end of the manuscript 

should be in alphabetical order, in the 

following format: Sehgal, R. K. and Nanda, 

A. C. (2002) Paleoenvironment and 

paleoecology of the lower and middle 

Siwalik sub-groups of a part of North-

western Himalayas. Jr. Geol. Soc. Ind, vol. 

59, pp. 517-529 

(c) Articles from the books should follow the 

format given below: 

 

Windley, B. F. and Razakamanana, T. 

(1996) The Madagascar – India connection 

in a Gondwana framework. (In Santosh, M. 

and Yoshida, M.  Eds.) 

 

The Archaean and Proterozoic terrains of 

South India within East Gondwana. Gond. 

Res. Group Mem. No. 3, Field Sci. Publ., 

OSAKA, pp. 25-37 

(d) Books should be referred to as: Sengupta, 

S. M. (1994) Introduction to sedimentology. 

Oxford and IBH Publ. Co. Pvt. Ltd., New 

Delhi, 314 pp. 

Submission of manuscript: 

 

Manuscripts strictly confirming to the above 

format should be mailed to General Secretary, 

Society of Geoscientists and allied 

Technologists, Plot No. ND-12 (P), VIP Area, 

P.O. IRC Village, Bhubaneswar-751015 

(sgatodisha@gmail.com). Manuscripts not 

confirming to the format of the journal will be 

returned. 

 

All the manuscripts confirming to the standard 

format of the bulletin will be reviewed by 

specialist referees before publication. 

 

Page proofs: One set of page proofs will be sent 

to the corresponding author, to be checked for 

typesetting only. No major changes are allowed 

at the proof stage. Proof should be returned 

within three days.  

 

Reprints: No hard copy reprints of the published 

article will be supplied. Instead, portable 

document format (PDF) of each published 

document will be provided to the corresponding 

author(s). 
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