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ABSTRACT

The Abor Volcanics are ore of the oldes repated occurrenceof basaltc rocks from the easten
Himalayan syntaxid areaThe Late Paleozoc or |late Paleocee - early Eocer arethetwo man contesting
ages assignd to them The former represens rift-related volcanisn assoated with the Gordwana
basn initiation in the proto-Himalayan bek unde tensike regime, whereas the latter, contempoaneous
to India-Asia collision, represens Himalayan forelard basn volcanisn unde convergert setting.

TheHimalayan thrud packet atthe Siarg Dome, located sout of the Easten Himalayan Syntaxis
repesens a tranyerse antforma duplex trendirg NW-NNW. The Siarg Window at its core exposes
the Abor volcant rocks, the overlying volcantsedimeteary Yinkiong Formetion ard the undelying
Miri Quatzite. Thes rocks are placal below the arched splay of MBT roof-thrust, which floors
Proterozas rocks.

The low grade protoquartzie and dolomite asserblage overriding the MBT is correlated to the
Proterozoic Buxa Formation, whereas the Miri Quartzie is mainly exposel at the core of the Siang
Window. Calcaeous quatzite or limestore from the contad¢ zone of the the Miri Quatzite ard the
Abor Volcanics has often yielded arichasserblage of larger foraminiferaindicating Late Paleocee to
Ealy Eocere age, whereas theYinkiong Formation contairs foraminiferaasserblage indicating Early
to Mid Eocere age.

The volcant rocks inter bandel with Lower Permian Gordwara equivalert sedimens exposed
in Siarg Window and further wed are also correlated to the Abor Volcanics This correlation is
strengthend by the report of Permian Gondvara spaes from sone sectos of the Abor Volcanics.
Thes possbly represem reworked ard recycled elementsas repated from sone areas in northeasten
India.

Geochionolbgica study has been carried out recenty on the Abor volcanics ard assoaited rocks
(Liebke et al., 2011) A relatively fresh large basat boulde from the Yamre river bed yielded Late
Carbonferous (319 + 15 Ma K-Ar, WR) age Othe basall sample yielded 872 + 1.3 amd 249+ 0.4
Ma ages which possbly represem rese ages resultirg from argon loss during alteration Single grain
Zircon Fission Track (ZFT) thermo-chronolbogica study on the Yinkiong ard Miri formatiors yielded
well defined age clustes, indicating apostPaleocer and postJurasst deposition age respedtvely.
Thus the volcantc rocks intercakting or intruding them are not pat of Late Palae@oic sequene but
represen lated Cretaceosto Tertiary event(s) The yourges age cluste of the Miri Quatzite at ¢.150
Ma does nat suppot widely suggeste Proterozat to Permian age for the Miri Quartzite.

Probably, the major soure of both Yinkiong ard Miri sedimensg was located on the overriding
Asian plate ard /or Gangdes thrug belt. The JurassicCretaceos thermd events retainel in detrital
zircon age specta are clearly not connectd to the Indian Plate. Liebke et al. (2017 inferred that
volcanc bodies intruding the Miri or inter bandel with theYinkiong are clearly pog Permian ard latest
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Cretaceosto ealy Tertiary in age Thusthe Abor Volcanics constitue volcantc rocks of morethan one
age as was postuéted by sone ealier workers.

The AborVolcanicsare porphyritic and aphyritic basaltic rocks. Plagiaclase phenocrystare
comma in porphyritic type, but is replacel by alkali-feldspa in alkaline basalts The groundmas of
both consiss of plagioclase microlites clinopyroxere ard patially altered glass.

Baseal on major elemem and limited trace elemen datg togethe with the inferred Permian age,
the Abor Volcanics were inferred to represem within-plate 6 rt valley6 stage of the Tethyan ocean.
Othe workers basel on trace ard RE- elemen data inferred continentavolcanic settirg for the Abor,
compising chemicaly coheert tholeiitic ard alkaline volcanics Basel on late Paleocee to Ealy
Eocere aye the Abor was inferred to be Himalayan forelard basn volcanics Thusthe inferred age of
the Abor influencel interpretation on ther petro-magmétic setting.

Geochemicdy studiel sample earlie were resricted to southen exposel parts of the Abor
volcant rocks. Presen synthess includes geochemicd data on our 10 ealier and 6recenty collected
samplesThe latter also cover itsnorthen exposues The Abor volcantc rocks mainly represem within-
plate continenta flood basalt The abundancs of sone major-, large-ion lithophile- ard sone trace
elemensfromtheAbor have been affected by alteration and postcrystalline oxidation. However, several
trace ard RE- elemens largdy remainel unafected. On the bass of close match ratios of strongy
incomptible elementsit is corcluded that the Abor Volcanics correspoml to a chemicaly coheent
group of tholeiites with minor alkaline basal componentsMogt of tholeiitic and alkaline basals have
been geneated from souces having similar characte. All the sample are erriched in incomptible
elemens indicating an enrichal subcontinentlithospherc mantke souice. The tholeiitic ard alkaline
basals have been producel by differert degrees of partial melting. The continent& flood basal was
geneatel by extensve partial melting of the subcontinentamantk. The pattern of elementavariation
has been further affected by low presue fractiona crystallization mainy involving olivine and
plagioclag. On the othe hard, Late Paleozoc basal assoated with Permian Gondvara and exposed
alorg the MBT zone ard correlated to the Abor Volcanics is geneally alkaline.

Presen study confirms presene of Late Paleazoic basals from the Siarg Window. The in-situ
positiors of thes are not known but appea to be locatal close to the MBT roof-thrust The foreland
basn related Abor Volcanics possbly intruded along dee seated faults some of which might have
followed the wedk zones of pre-existing Gordwara rift-related basirs and the MBT. Thus although
unrelated in age and tectonc setting both the late Paleozoc rift -related componetof the Abor Volcanics
suite and the Late PaleoceneEarly Eocere aged Himalayan forelard bash componeh of the Abor
Volcanics might be closdy assodted spetially inthe MBT zone.

Reference

Liebke U., Antolin, B., Appel, E., Basavaiah N., Mikes, T., Dunkle, I., Wemme, K. 2011 Indication
for clockwise rotation in the Siarg window souh of the easten Himalayan syntaxs and new
geachronobgicd constaintsfor the area Geobgicd Societ, London SpecidPublications 353,
71-97.
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DHARWAR STRATIGRAPHY AND TECTONICSIN RELATION TO THE
SOUTHERN GRANULIT E TERRAIN

M. RAMAKRISH NAN

Formerly of Geologicd Survey of India
Chenna 600 041

ABSTRACT

Dharwa cratan (DC) comyrises two tectonc blocks called the Westen Dharwa craton (WDC)
ard Easten Dharwa craton (EDC). Thedividing line between themisnot ashap line, but atransitional
zore betwee the Chitraduga Shea Zore (CS2) ard the Closepet Granite. The regiond stratigraphy
of the craton is tabulated below:

Ga WDC | EDC

2.4 Mafic dykes

2.52.6 Granulite facies metamorphism

2.6 Chitraduga, Arsikere Granites Closepé¢ Granite

2.62.7 Chitraduga Group Kolar Group

2.7-2.8 Bababudan Group Easten Gneis (2.7 Ga)
(Dharwa Batholith)

~3.0 Peninsula Gneiss o}

3.1:3.3 Sagur Group

3.33.4 Goru Gneiss Putatve BasemehGneiss

Sagur Group corsistirg of ultramdic- mafic rocks (kometiites, layered compkxes) pelitic schists,
BIF, and minor quatzite-limestore, isinvaded by TTG Gneiswith itsdiapiric trondhjemitegranodiaite
plutors (Peninsula Gneis$ forming alarge batholith in WDC. Subduction of theoceant crug probably
from the eas cause the generatim of continenté arc batholiths (WDC), followed by acaetion of a
microcontinta arc (EDC) in the vicinity of the presen location of Closepé Granite to produe the
Dharwa craton The craton is overlain by the Dharwa Supegroup with its wide-spread but thin basal
guatz-pebbleconglomeate (QPC) Thelower Bababudan Groupis corfined to theWDC, but continues
in the transitiond zone as aminor bek (Hagalad)) to the eas of Chitradurga schist belt, ard as small
saeers (Yashwantaagar Formation) in the transitiond Sandw schist belt. Bababudan Group, together
with the basemengneiss is rapidly uplifted and eroded, ard followed upwad by the deposition of the
uppe sequene of Chitraduga Group, with its basa polymict (Talya, Kaldurga) conglomeate.
Chitraduga Group shows a spectaculafacies chargewith the shef facies assemtage (Vanvilas Sgp/
Sulgroup) withitsprominert BIF-MnF in the basn margin, gradweting homataxialy into the Ingaldhal
Volcanics comprising a large volcanc enserble. This sequene is overlain by a thick greywacke pile
(Ranibemur Sgp in WDC. Ingaldha Volcanics with thin, disrupted saeers of Vanvilas Sgp together
with a prominert Champim Gneis unit (felsic volcanics polymict conglomeate comyrise the entre
greenstoa sequene of EDC, called Kolar Group, which is equivalert of Chitraduga Group of WDC.
The major Sandu schist bek is transitiond in natue, having BIF-MnF ard quartzitelimestore of
Vanvilas Sgo (WDC) ard the large volcanc sequene (with minor greywacke) of Kolar Group
(EDC).TheEDC isinvadal by GranodioriteMonzoganite Granite (GMG) suiteforming acalcalkaline
batholith.
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In arecent compehensve tectontc mode of tectont evolution of Dharwa craton B.Chadwek,
V.N.Vasuav ard othe'svisualized the acaetion of Dharwa arc batholith, with itsintra-arc greenstone
belts Kolar Group), on to the of bek-arc continentalforeland by blique subduction of oceanic
lithospheeto the WNW, alorg the sinistral transpession&Chitradugashea zore. The lack of fore -
arc sequene is amajar problem in this model D.ChardonJ-J. Peucaand M.Jayanand propo® an
alterretive nonruniformitarian sagductio modd with plumearc interacton in the DC. In minor
modification of the acaetion mode| M.Ramakishnan propose that continenta back arc of WDC
acaeted with eastely vergene with EDC to produee the continentharc batholith of EDC formed by
closue of several parallel volcanc rifts (easten greenstoneoelts). TheClosepetGranite probably
formed the stitching granite betwea the accretimg terrains.

The Southen Granulite Terrain (SGT) consiss of the deegper level granulite terrain of the
Archaea Dharwa cratan with an untroken transition from the greenstoaterrain in the north, called
the Dharwa Granulite Belt; and the Neoproterozoic (PantAfrican), granulite grade mobile bek called
the Pardyan Mobile Belt. SGT isamisnome since it amalgamates and straddles two stakly contrasting
terrains of widely differing geolbgy ard age DC ard PMB are separated by two major shea zones,
viz., Moyar-BhavantAttur shea zore (MBASZ) and Palghat-Cawery shea zone (PCSZ) The
intervening areabetween the shea zore ids called the Cawery Shea Systen (CS9 or Cawery Sutue
Zonre. The CSS consiss mainly of Archaea gneisseschanockites greenstom relics ard tectonic
slivers of PMB. PMB compises GMG gneisseschanockites alarge QCP suite (quatzite-carborate-
pelite) with minor mafic rocks and abundan Pan-African intrusions The regiond stratigraphy of PMB
is as follows:

480-550 Ma Pan-African Intrusions

~500550 Ma Granulite Facies Metamorphism

500600 Ma Charnockitesgneissesleptynites migmatites
Southen Khondalite Group (Cheaan Group)

700-800 Ma Alkaline Rocks carbonatite ard granites

17002200 Ma Putative basemengneisses

SGT isdescibed by M.SantoshT.R.K.Chety, J. Collinsard othesasasutule zonethatincludes
eclogites ophiolitesard high-pressue metamorpht asserblages overprinted by UHT metamaphism
ard intruded by Pan African plutons during final continenté collision. The Achanlovil shea zone
that dividesthat Madurai Block with swirling structural pattem from Trivandum Block, which is
straight bet is visualized as patt of the ealier Pacific orogeny. This Pacffic-Himalayan Pan-African
orogeny has closal the Mozambique Ocean during the asserhly of Gordwana This modé is still
unde sautiny, with new data pouring in from new field ard laboratary investigationsThe fascirating
evolution of Dharwa cratan and the Pandyan Mobile Belt is makirg this region a dassicéa terrain of
southen India ided for future research.
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CRUSTAL EVOLUTIO N IN THE PARTS OF SHYOK SUTURE ZONE AN
EXAMPL E FROM THE SHYOK VALL EY

D. RAMESHWAR RAO AND MEGHA M DAGA

Wadia Institute of Himalayan Geolbgy Delradun,
33 Generd Mahad® Singh Road Dehradu - 248 001, Uttarakhand
Emal ID: raodr@wilg.res.n and daga_nmegha@wilg.res.in

ABSTRACT

The Shydk Sutue Zone (SS2 in northen Ladakh separates two distind terranes the southen
continenthmargin of Eurasian Plateto north, ard Ladakh magmetic arc to the south Itisalinear NW-
SE trendirg zore that runs for abou 250 km between Turtok in the wes and Chushiiin the east The
ShyokDarbuk sectionthe studied area the Shydk valley of the S&Z of easten Ladakh hasdistinctve
lithostratigrapty ard ewolution history related to magmetism, metanorphism and crustd ewvolution and
thus the geodynamis of the IndiaEurasia convergen®. Magmeatism in this sectian of the crustal
block spars from pre-collision subductionrelatal calc-alkaline orthogneis to postcollision related
leuangranites involving aratexis of hybrid sour@ of calc-alkaline orthogneisss ard metasediments
rocks. The god of the presem work includesthe perogeness of rocksthrough geochemica studies for
undestandimg the proces of crustd ewlution. The geocchemica data from the ShyokDarbuk section
can be also usdl to relate with the various phases of Ladakh ard Karakoram arc magmatism for the
overall understandig of mountan building proces in the region.

The corridor of ShyokDarbuk sectian includes an older pha of hornblendebiotite porphyritic
granite, biotite leucogranite and a yournger pha® of garnetmusamvite-biotite leucogranite and
migmatites. The orthogneisse are porphyritic, medium to coase grained calc-alkaline, titanite beaing
hbl + bt granitoids Field studies show tha the orthogneis have bast enchveswithin it. The size and
shape of enchwe varies widely, rangirg from 3-50 cm in width and more than a mete in length The
erclaves show shap to diffusive contat¢ with hog orthogneiss The calcsilicate rocks in the region
hawe inter-bedded leucogranie bands within it, and generaly contan gt + sc + hbl + cc +pl + gtz +
spn On the otha hard the metapeliteshavegrt + pl + gtz + sil/ky + bt + ms+ kfs+ ap+ epasserhlage.
Amphibolites and amphbolite schiss are also not uncomma both in orthogneis ard leucogranites.
The late pha® granitoids Rorphyritic Granites (PG), Coase Leucogranite (CLG) show intrusion into
hbkbi orthogneiss and also intrusve relatiors with one anothe. They are also intruded by a younger
pha of leumgranites with or without garné and tourmaline minerak (LG). The orthogneis show
chemica characteisticstypica of Andeantype granitoids while the geochemicd studies of late phase
granitoids viz. PG, CLG and LGuggest that #y are deived from partial melting of subduction
related lower crusta rocks, ard the mafic erclaves show genetc relations with the hog orthogneiss.

The main componenhof crustd ewlution in the Shydk Sutue Zone of ShyokDarbuk sectian can
be explained by two stage melting proces involving the generatim of orthogneis with mafic enchwes,
ard tempaa ewlution towards increasindgy more ewlved felsic magmas during reworking processes.
In the light of the geochemicd evidene it is postulated that, (i) the ealy formed orthogneis have
originated from the méfic/intermedite magmattc producs of continentalmargin subductiam related to
a syn to pre-collision arc settirg of probaby Eocere to Late-Cretaceos age (ii) the in-situ partid
melting of the precursorbasemenbf early formed arc crust along with metasedimentarynaterial
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derived from wedge which had played a significart role in the ewolution of postcollision Miocene
felsic meltsin the form of PG, CLG, LG, ard associaté pegmatite rocks, alorg with the generatio of
leucosomsin the migmetites However, the correlation of the orthogneis and leucogranites of Shyok
Darbuk corridor with Ladakh and Karakaram granitoids in geneal does nat provide any corclusive
relation with either, ard is still a matter of debate, but is of importane for palecplate reconstuctions.

WID E SPREAD ACID INTRUSIVE ACTIVIT Y IN SHILLON G PLATEAU,
NORTHEAST INDIA - A CASE STUDY FROM THE KAINDOL | GRANITE
PLUTON

J. MALLIKHARJU NA RAO!, M.VENK ATESWARLU* AND K.P. SARMA?

! Nationd GeophysichResearl Institute Uppd Road Hyderabaeb00007
2 Geobgy Department Guwalati University, Assam

ABSTRACT

The Precambria basemenof Shillong Platea represenan uplifted block consiss of siliceous
gnassesoverlain by undefamed Proterozoic rocks of Shillong group A numbe of discadart granitoids
of various sizes ard ages intrude the basemengneisst compkx and Shillong group of sediments.
Isotopt age dakavailable onthe® intrusve granites rarge from 880 480 Mawhile the ages of basement
gneisss vary from 1714 to 1150 Ma. Sone of the importart dated granite plutors in the Shillong
Plateau are Kyrdem granite (479t 26 Ma), Songs# granite (500t 40 Ma), Myllie m granite (607+13
Ma), Golpam grante (647+12 Ma), Souh Khag granite (690 to 748 Ma), Rongjery granite (788+21
Ma) ard Sindhul granite (881+3® Ma). The Nongpd granite gneis (1150+% Ma) ard Patharkhang
granite gneis (1714+4 Ma) represemthe basemetrocks. The granitic actvity in the Shillong Plateau
is thus restrictel between 500 880 Ma ard the plutors have not sufered any postemplacement
tectonothemd events.

The ganitic rocks are extensvely studial during lag few decads as they are mog abundant
rocks in the uppe continentd crug and dosdy connectd with tectonics and geadynamics The paper
discusssthe study ontheisolateé circular plug lik e intrusve granitic body emplace into the basement
gneissanea Kaindoi village, SE of Shillong The detal study of thisgranitereveakthat it isunalteed,
porphyritic type, consiss of microcline, plagioclag, quarz and biotite as essentiaminerals and is
similar to Mylliem granite Major ard trace elementhdata show variations within the pluton The
obseved variation are SiO, (6570 wt%), Al O, (13.7-14.75 wt%), TiO, (0.5-0.9 wt%), Totd iron (4.0
6.0 wt%) ard alkalies (7-9wt%) ard trace elemen ranges are Rb (162-283 ppm), Zr (44-150 ppm), Sr
(130-278 ppm), Y (44-81 ppm), Nb (12-38 ppm), Ba (835 1450 ppm ard totd rare eath elements
(REE) 223 843 ppm The Kaindol granites are geobgically ard geocchemicaly similar to Mylliem
granite and probebly emplace arourd 600 Ma. Thes granites might have derived from lower crustal
rocks ard fractioreted REE patterns suggespartial melting of gneissethat gave rise to thes granites.
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METAMORPHI C EVOLUTIO N OF THE CONTACT AUREOLE OF THE
JHIRGA DANDI PLUTON, SONBHADRA DISTRIC T, MAHAK AUSAL MOBILE
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1. Depatmert of Geobgy,lucknow University,Lucknow
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ABSTRACT

The metamaphic ewolution of thecontat aureok arourd the Mesoproteozoic Jhrgadandpluton
inthe easten part of Parsa Formation of Mahakoshbterrain, Centrad Indiarepresens the three distinct
metamaphic aureoleszoneschaacteized by definite mineral asserblages. TheMesopoterazoic
contactmetamaphic evert producel the peakmetamaphic mineral asserhlages Bt + Qtz + Ab + Sill
+ Crd £ Grt + Ms+ Kfsin the metapelites of inner aureolg Bt + Qtz + And + Mus + Kfs+ Plag+ Crd
+ Chl of middle aueok ard Chl + mica + And + Alb + Qzt+ Ept + Mt + Tourmaline in the outer
aureok. The minegal chemisty, pha® petrology and P-T condition of the aureoles have been studied
onthe bass of EPMA data. The estimate Pi T conditiors in the hornfelsic rocks nea the contac¢ with
granitoics (inner aureog, 690°C/34 kbar),slighty away from the conta¢ ( middle aureole 580+15°C)
ard away the conta¢ ( oute aureok 487 £30 °C) . The emplacemeinof the Jhirgadand pluton at
shalbw crustd levelswasrarely accompanie by wee deformation of the metasedimest(D, ). During
cooling and exhumetion, the conta¢ aureok was localy affected by deformation (D,) ard retrograde
metamaphism (M) agan unde greenshist-facies conditions.

ARCHEAN CRATONS: THEI R COMPOSITIO N, FORMATION AND
PRESERVATION -EXAMPLE S FROM DHARWAR CRATON

C.MANIK YAMBA, # AND ROBERT KERRIC H®

Nationd GeophysichReseach Institute,
Uppd Raod Hyderabal i 500 007, India
Departmen of Geologicd SciencesUniversity of Saskathewan,
Sasltoon, Saslktchewan STN 5E2 Canada

ABSTRACT

The Archean crators having rich metd deposits are well preseved due to thick, buoyart and
refractay continenta lithospherc mantke. The Dharwa craton of southen peninsula India have
excellert presevation of Archean greenstor belts rarging in age from 3.4 1 2.6 Ga interpretad as
composie tectonostatigrapht terranes of acaetad plume and convergent margin-derived magmetic
sequencebasel on high-precisian elementd data.
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The mantk plumerelated volcantc sequene include komtiites and komatiitic basaltstholeiitic
basals having nea-flat HREE patterns are well preseved in the Sandu greenstor bek of Dharwar
craton. Kometiites are the Alundepletedvariety, signifying melting in a mantle plume, above the
garnetperidotite facies at < 90 km. This assoation has been explained as kometiites being erupted
from the hot core of a mantk plume whereastholeiitic basals represehmelts of coole ambient
asthenosphec mantk entrainel into the annuls of the plume Tholeiitic basals of Sandu bek are
compositionaly akin to those of the komatiite-basal assodition of the Supeior Province ard Kambalda
Terrane of the Yilgarn Cratonwhich collectively are similar to basaltsthat domirete Phaneozoic
intraoceart plateats such as OntongJava, Kerguelen and Naru. High-Mg basals are assoaited with
alkaline basals in Penakachda geenstorterrare of Dharwa craton High-Mg basals are ébundant
in Archean terranes likely reflecting melting of hotter ambien mante whereas alkaline basals are
rare in Archean greenstor terranesexcept sone documentd in the 2.7 GaWawa belt Interaction of
plumes with lithospherc mantke has been evidert through the elementé studies on few volcanic
sequenceof Archean greenstoetrerranesOccurrene of Archean alkaline basalsreflect on subduction,
recycling and incubetion of Mesoachean crug ard its incorporation into the mantke souce of a late
Archean mantk plume. Consequeihy, soneformof platetectoniswasopeaating fromthe Mesoachean.
Mantle souces have been establishd through the mantk array basel on the Th/Yb versus Nb/Yb
relationship The konetiites, high Mg-basals plot betveen NMORB to EMORB ard alkaline basalts
have OIB characteistics Therefore, enriched and depleted mantk resevoirs have been estblishel in
the Archean mantk.

Sone Recemh ard Phaneozoic intraoceart arcs have a distind type of magnesian volcanc flow,
termed asboninite chaacteized by high Mg#, Cr, Co, ard Ni contentsU-sheped REE patternsnegatve
anomalie at Nb, ard elevated Al,O,/TiO, ratios Boninitic compositiois have been documentd from
the Archean Abitibi terrare, Supeior Province; Isua Greenlangand Dharwa craton The tholeiitic to
calcalkaline basaltMg-andesiteNb erriched basaltadakie assoction were first describé from
Cenaoic arcs has now bean documentd from numeous Neoachean greenstor terranes of several
cratorsincluding the Gadval greenstoeterrare of Dharwa craton Depleted ard erriched basatl were
identified from Hutti greenstoa bet of Dharwa craton likely represena paired backac ard arc that
are compaable to moden paired arc-back arc systens of the SouthwesPacific. Volcaniclastt turbidites
studiad from few greenstor belts also recaded diverse volcanisn presen in the greenstoa belts.
Thesdiverse volcant associatioawere asserhled to give composieterranesin asubductioracaetion
orogen a ~ 2.7 Ga, coevally with aglobd acaetionay orogen a ~ 2.7 Ga, ard assoated orogenic
gold mineralization. Archean lithospherc mantk, distinciive in being thick, refractay, ard buoyant,
formed complementarto theaccretd plume ard convergert marginterranesasmigrating arcscaptued
thick plumeplateaus ard the refractay, low-densiy, residie of plume melting coupled with acaeted
imbricated plumearc crust A contempoaneos exampk is capture of the Ontorg Java plateau by the
Soloma arc. The continentalithospheic mante (CLM), which is thick and stabe unde all Archean
cratons is respondile for presevation of Archean crust.
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SUITABILIT Y OF RATANGARH SHALE FORMATION AS MARKE R HORIZON
IN REWA GROUP OF VINDH YAN SUPERGROUP

G.V.S.POORNACHANDRA RAO, SCIENTIST (RTD),

Nationd GeophysichReseach Institute,
Hyderabaeb00 007.

ABSTRACT

The MesoNeopoterozoic Vindhyan basnin CentrdIndiaisalarge sedimentey basn occupying
anareaof 1,04,0® sq km, extendirg inthe statesof Bihar, Uttar Prade$ and Rajastha with undisturbed
ard unmetamophosel rock sequene. A numbe of sedimentey rock formations were investigate for
ther palaeomgnett signaturstha havethrown light with respetto reconstructiosof palaeogography
ard magnetostatigraply during ther deposition Mostly sandstongard limestone of differert groups
were samplel ard investigate. Vindhyan shak formatiors were never studel for palaeoragnetics as
thes are highly friable to sampé eithe by field drilling or block sampling For the first time, the
Ratangagh Shak Formation of Rewa Group of Vindhyan Supegroup formations were collecteal by
block sampling ard subjectéd to palaeomagnetistudy employirg AF ard thermad denegnetiztion
technique up to 100 mT ard 680° C respedtely. Thes shales are having high coerave forces of 70
mT ard high blocking temperaturgof 680°C, indicating the carrig minerd to be haematie tha carries
a stable remanene over long geologicd periods A ChRM sigreture of Dm = 3479 Im = +5% (K =
23.843,=12.19N =6) correspondigto aVGPatép=715°N, Lp=42.0 E (8p = 180°am = 13.5°)
has been isolated from thes shalesresultirg in a pdaeoétitude (Em) of 35°N. This ChRM isidentical
with that of the Malan rhyolites that has been well constained by Rb-Sr age of 771-751 Main the
Indian geolbbgicd ard palaeomgnett studies so far. The Ratangah shak formation is highly reliable
withitsidentity with Malan rhyolite VGP ard beirg carried by high blocking temperatue high coecive
force magnetc mineral namdy haenatite. Hene, the Ratangah shak, thatis correlate with the Jhri
shakin several subbasingwith highly reliable ChRM, can be consideed as a marker horizon between
771-751 Ma in the Vindhyan Supegroup. The pala®latitude of the Ratangarhshale formation is
favourable for theoccurence of hydrocarbos within the Vindhyan basn becaus of its palaeoequatl
location during its deposition that has been corfirmed by the drillin g resuls by the Oil ard Naturd Gas
Corporatian (ONGC).
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PHYSICO-CHEMICA L CHARACTERISTIC S OF QUATERNARY SEDIMENT S OF
GODAVARI RIVER BASIN, PARBHANI-NANDED DISTRICT MAHARASHTRA

MD. BABAR, B.B.GHUTE AND R.V.CHUCHEKAR
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ABSTRACT

Godkvari river valley is an importart agricultural bek in Mahaashta state of India. The study
areg Godavari river basn in Parbham - Nandel districts is consideed for the presen study. The area
belongsto semiaiid and subtopicd climate characteized by hot summe ard the normad amud rainfall
of 860.00 mm. Geobgically, the entre study areais covered by Deccan Basal formations comgrising
genty sloping to neaty horizontd lava flows. Thes flows have been consideed to be a resut of
fissure type of lava eruptian during late Cretaceosto early Eocere period. The types of basat flows
occuring in the area are compact basat flow (aatype), vesicula-amygdaloidd basat flows (pahoehoe
type) as obseved in the well sections There is occurence of Quaternary sedimen alorg the river
valley.

The physicochemicd characteistics of Quaternay geomaphic surfaces suc as present
floodplain older alluvial plainard pedimens arediscussd. Thephysicad characteristisstudied included
colour, texture structure consisteny of soi ard particle size distribution. Of these colour, texture and
structure of soi was studied ard recaded in the field itself, at the time of sampé collection The last
two were subsequelt corfirmed by the mechanica analyss of soil. Similarly chemicd paametes
like pH, EC, OC, CaCQ were detemined from the selectél sample to undesstard the characteristics
of the sedimens in relation to processs ard ther environment To esiblish the true natue of
sedimendtion and processginvolved, it was necessey to identify the differert sedimentey facies.
This identffication helpal in understandig the geomaphic processs operatirg in time and spae.

PETROGRAPHICA L AND GEOCHEMICA L STUDIES OF THE SPINEL
LHERZOLITI C ULTRAMAFIC SOF THE MANIPU R OPHIOLIT E MELANGE
ZONE, NE INDIA

CH. MANG | KHUMA N AND SOIBAM IBOTOMBI*

Depatmert of Earh SciencesManipu University, Imphat7950@ (India)
* ibotombi2002@yahoo.co.uk

The ophiolitic peridotites of the Manipur Ophiolite Melange Zone can be broady classfied into
two physicaly distind groups Onre type geneally showing lighter olive green colour isalmog wholly
sapentiniseé with very intense sheariig alorg closely spaced fractures having occasionbwell developed
slickensidesThe othea type showing dark green colour is compaatively fresh with no closdy spaced
fractues The field setting is that the less abundan ard spaadicd occurence of less sepentinised
groy isgeneally found enclosed ard protruding as blockswithin the extensvely sepentinisel variety.
The peridotitic serpentinite constitue much more than 90% of totd ophiolitic sequene of the zone.
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Melanocratt rocks in the hard specimes show good amoun of large brownish phaneritic
pyroxere crystals The ultramdic rocks geneally show xendolastic granular texture in which the grain
size is widely variable. And thes ultramdic rocks are principaly composd of sepentine derived
from olivine, bastites olivine, orthopyrokere, clinopyroxene and primay and secondey spinels.
Elongatian and alignmert are shown by the grains of orthopyrakene clinopyroxere ard primaty spinel.
The ultramdic rocks also show variable amouns of orthopyroxere grains exhibiting exsolved lamellae
of clinopyraxere ard vice versa Modd propations of thee phass are serpentie from olivine +
relicsof olivine, 62-78%; se'pentire from orthopyroxere £ relics of orthopyroxene, 13-26% sepentine
from clinopyroxere = relics of clinopyroxere, 0-8%; primary spine| 1-4% ard secondey spine| 1-
10%.

From the EPMA data olivine is fourd to be Fo, Fa where the ratio of MgO/(MgO + FeO) is
found to be 0.845 ard that of Mg/ (Mg + Fe + Mn) isabou 0.81Q The compositio of orthopyrokene
is found to be of En,-Fs-Wo, while tha of clinopyraxere is En, -Fs-Wo,, From the andysis data of
spine| the composition is computel to be of spirel series= 68%, magnetie series = 20% ard chromite
series = 12%.

Major oxides (XRF) dataindicate that the MgO/(MgO + FeO) values of the ultramédic rocks of
Manipu Ophiolite cluste arourd 0.82-0.84, with few exceptions whos values are lessthan 0.8 The
average AlLO, contert is abou 1.60% while average 100Cr/(G + Al) value is about 14.4Q The rocks
also have average 0.84®6 Na,O ard 0.056% K.

ICP (MS) data show thatanumbe of trace elemens except Ni and Cr have concentationstwo or
three ordersof magnitude morethan norma ophiolite peridotites The REEG are also extremdy erriched
from tho<e of the normd ophiolite ultramdics.

Exsolution lamellee of clinopyroxere in the orthorhombt hog and vice versaindicate an earlier
solid solution between Mg- and Ca pyroxeneswhich have been mack failed on accoun of prolonged
subjectia to equilibrium conditiors of lower tempeature environmert in such away that situations
are well bebw the solidus of the correspondig P-T pha® diagram From the modd proportiors of
olivine, orthopyroxere ard clinopyroxere (consideing no much effect of volume charge of sepentine
when converted to that of the original mineral phases)the ultramdic rocks of Manipur Ophiolite rarge
from lherzolite to harzburgite. The olivine compositia reflects less deplete& nature of the ultramédic
rocks of Manipur Ophiolite Plotting the composition of orthopyrokere on the pyroxere quadrilateral
reveak that the ultramdics of Manipur Ophiolite is very close to the field of metamaphic peridotite.
When 100Cr/(G + Al) in spind is plotted agains AlLO, weight percen of co-existing orthopyraxene,
the ultramdic rocks of Manipu Ophiolite is found to be of Aluminium-spind leherzolite. When Cr/
(Cr + Al) ard Mg/(Mg + Fe®) ratios of spind are plotted the ultramdic rocks of Manipur Ophiolite
correspoi to Iherzolitic fertile uppe mantke material The consistehvalue of the ratio of MgO/(MgO
+ FeO) indicates that, even though the differert ultramdics had differert propartions of olivine and
orthopyroxere, ther compositiols were almog the sane. The sample having values less than 0.8 of
MgO/(MgO + FeO) ratio are thos in which the modd proportiors of seconday spind are almost
negligible. The lesse value of the ratio could be related to the loss of mateials from the systen on
accoum of certain processe related with serpentinisation The average Al,O, conter of about 1.60%
reflects highe proportian of clinopyroxere phag than tha of norma ophblitic harzurgite and dunite,
ard also that the source is more fertile. The extremdy erriched Na O and K also indicate that the
ultramdic rocks of Manipur Ophiolite are from a fertile souce. Whenthe majorox i d e sde dat a
plotted in the AFM ard ACM diagrans the rocks are pigeonhole in the metamaphic peridotite field.
Trace elemen and REE concentatiors are indicative of fertile subcontinentduppe mantk origin.
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ABSTRACT

In the SinghbhumOrissa Craton Bandel Iron Formation (BIF)-hostel iron ore deposis and
shale hostel Mn-ore deposits form a Paleopoterozoic horse shae sheped synclinaium (referred to as
NoamundiKoira basir) on the westen side of Mesoarchea Singhbhum Granitod Compkx.
Metavolcanic rocks of Bona Rarge occu as the lowermos formation of the NoamundiKoira basin
ard at many places it corformably grades into Lower Shaé Formation (LSF). The mineralogicd and
chemicalcharacteistics of Bonai metavolcaric rocks sich as absence ofspinifex texture, cale
alkaline trerd of magmatc differentition, low Ti/Zr, Zr/Nb ard high Zr/Y ratio, chondite normalized
flat to LREE enrichel REE patterrsard Primordid Mantle normalizel zig-zag patterrs of incompatibé
traceelemensclearly indicatether origin as convergert margin or sugra-subductio related volcanism.

LSF, dewid of Fe or Mn ore deposits is represente by tuff and tuffaceows shak (-phyllite).
Petrograpi reveak the pyroclastt texture of these rocks Higher concentratia of, K,0O, TiO,, MgO
ard ALLO,, and smaltscae primary structures ated ther volcanoesedimentey affinity. The middle
unit isabou 250 mete thick BIF that confarmably overliesthe LSF. It also contairs avery distinctive,
several mete thick unit of granular iron formation. The geochemicad ard mineralogicd characteistics
suggegd that massve, hard laminateal, sott laminated ore ard blue dug havwe a gnett lineage from
Bandel Hemetite Jaspe (BHJ). Magnetite was the principd iron oxide mineral whose depositional
history ispreseved in BHJ, where it remairsin the form of martite and henstite. The differert textural
relationship ard field occurrence of iron ores show tha combinatio of differert processs rather
than single one was responsite for the formation of differert types of iron ores Lower values of SiQ,,
Al.O,, REE, Co, Ni ard Cu sugged input from hydrothemad activity. PASS-normalized REE

273!
concentatiors show HREE errichmen with a posiive Eu anomay.

The Uppe Shak Formation (USF), occuring in the cente of the NoamundiKoira basin is
comprised of amixed chemicaiclastic sedimentey facies It corformably overliesthe BIF. Thelayered,
lensod, lateritoid and vein type Mn- ore bodies are assoated with the USF. Compositian of the USF
ard Mn- ore with widely variable Fe,O,, MnO, Ni and Cr concentatiors reved ther respedte
mangarfierous and ferruginous nature. High ALO,, low MgO, CaQ Na O, K,O and a high chemical
index of Alteration (CIA) of the USF (always more than 70) correspondto its obsewved kaolinite
mineralogy. TiO,, P,O,, Ni ard Cr correlat well with the Fe,O, suggestig ther presene in the
magnetite, henetiteand ilmenite. The K,0/Ng O, Al,O,/SiQ, ratio ard trace elemen dataindicate that
USF was deposité in active continenthmargin settirg.
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INTEGRATED GEOPHYSICAL STUDIES ON CHIMAKU RTI-UPPALA PADU
MESO-PROTEROZOIC GABBRO-NEPHELIN E SYENITE PLUTONS, EASTERN
GHATS MOBIL E BELT, INDIA

S. K. G. KRISHNAMACHARYULU

Schod of Earth SciencesSRTM University, NANDED i 431606
(E mail: skgkchary@gmail.ao )

ChimakurtiUppabpadu plutors represernt an unusud clinopyroxenite-galiro-anorthosite
ferrog/enite ard nephelire syenite assoation in the Prakasan Province of the Easten Ghats Mobile
Belt, India. Both the plutors are intruded into the degp Precambria continent& crus composd of
amphbolites quartzites and khondalites Geologicd and geochemichkstudies suggestha Chimakurti
ard Uppabpadi magmatic bodies are coeval but possbly derived from two contrastiig magmas The
magmetic assoation of ferrosyenie in betwea these two contrastirg plutonic bodies isanothe debating
isste. Inthispaper we propos anovel rationalke in solving thisgeolbgica problem by using integrated
geophysich appro&h using gravity and magnetc anomalies suppated by densily, magnetic
suseptibility, and AM S studies.

Density ard magnett suseptibilit y show awide variation amorg the lithologiesard are correlated
with charging mineral assemlzges and abundancesThe densiy and suseptibility values show
conspicuos intra-pluton inter-pluton ard pluton-county rock contrast The AM S results correlated
with gravity and magnetc anomalie envisage the possble assodition of ferrosyenites in this unusal
magmatt setup.

The modelirg ard inversion of gravity ard magnett anomalis suggeg distind subsuface
infrastructursfor the Chimakurt and Uppalapad plutorswith ashap rathe than agradationacontact
betwveen them The studies further envisage that the otha exposeal gabro plutors are independent
without a subsurfae connectionard are formed alorg apossiby rift related fault zone Gravity and
magnetic modeling alsoevealed a sh@ ferrosyenite nepheline genite contact and a gradational
ferrosyenitegabbo contact This geophysichappoach provides more clear understandig of the
subsurfae structue of the plutons and the magmatic processg associted with the Chimakurtt
Uppalapad plutons.
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ISLAND ARC MAGMA GENESIS: IMPLIC ATION SON BASIC MAGMATISM IN
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ABSTRACT

Among many plutonic rocks occuring within the continent&crust the exposues of bast rocks
onthe eathé surfae are fourd to be less abundarn than othes ard are attributed as producs of magma
geneated from partial melting of deep seated rocks dueto locd perturbations The anabgy of various
occurences of thes plutonic bast rocks indicate that majority of them are intrusve into pre-existing
rocks as new crustd mateial implying therole of later thermo-tectont regimeswhich might have been
respondile for newer additionsto the crust Thedynamtc processesopeating atdeepe levels, of our
earb causigcetainfi u N s ¢ r aegensliinaddision to producirg large volumes of molten material
at specfic locales Intheplatetectont parlance, divergert and convergert plate marginsare favourable
sites where bast magmes are geneated through rifts and arc systens in large volumes resultirg in
formation of all types of igneots rocks. All arc systens are unique ard each can contribute to our
understandig of subductim processsard moden day tectonics not only the preseh day magmatic
processe but also provides key solutiors in interpreting pala® islard arc systens. A study of such
rocks is undgaken belonging to therBkasam Igneousrévince loated to the east of @dapah
Basin particularly from geachemicad point of view, which proved to be urnravelling the probable sites
of origin, processs involved for the geneation of melts the nature of souce rock and subsequent
crystallization process.

The petrologica studies carried out reved thatthe grain sizeis coaseto mediun with very well
defined grain boundaies Cumulus, hypidiomaphic-holohayaline and sub ophitic textures are shown
by all the gabrroic rockswith dominarn minerd asserblages of plagioclag feldspa, Cpx ard occasional
olivine, Opx, biotite, amphibols ard sphe®. Exsolution features of magnetite lamellae are sea on
Cpx ard at places the Cpx alteratiors to hornblene also obsewed. Two episods of crystalisation
(ealy ard late crystallization) of sone mineras lik e plagioclase feldspa and Cpx are seen SEM-
EDS studies conducte on thee sampla revealal sub microscope Mg-rich olivine (forsteite) crystals
alorg the grain boundaris of Cpx.

Major oxide data show that the rocks are low to medium in SiQ, (48-52%), low TiO, (0.2-0.6%)
and low Na,0 (0.9-1.8%) mediumin Fe,O, (6-10%) and highinALO, (13-18% awerage~16%) SiQ,
againg othe major oxide plotsindicating flat TiO, ard Na,O trends positive trerd of CaO ard negaive
trends of MgO and ALLO,. The plots againg silica are fourd to be insignificart except MgO and FgO,.
TAS (Fig.1, Totd Alkalies vs. Silica, Middlemost 1985 ard AFM (Fig. 2, Irvine ard Baraga, 1971)
diagrans classfies that theg rocks as tholeiitic gablsos Harke diagrans show typicd magmetic
trends The rocks unde study can be dassfied as high alumina gabbroids with subadinate MgO
contert (average 7%).
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Relatve errichment of Sr ard Ba ard depletion of Ni, Cr are dhaacteistic features of lower
crustd involvemert in the magma processesT he positve Eu anomdy shows the role of plagioclase
accunulation in these rocks, in agreemenwith ther high Sr/LREE values (Fig.3 & 4). Fractioretion
ard errichmen of LREE relatve to HREE may be due to the predominane of clino-pyroxere and
plagioclag mineralogy. The high LREE errichmert also imply the possibility of low degree of partial
melting or LREE erriched mek assouce (Wilson, 1989) Eu positveanomdy for these rocksindicates
the cumulus nature of plagioclase in the mek ard this is beg evidencal in the photomigograpls of
Boggulakon@ and Pasupugaltl plutons where as req all sampls recordel a fat or absene of Eu
anomdy indicative of plagioclase in residie.

Petogeness of mantk derived magmatc rocks are commony deducd from ther geachemical
and petrological characteristicsCaO/ALO, and CaO[TiO, ratios have an important significancein
petogenett studiesof bast rocks (Crawford ard Cameon, 1985 Beccalwaard Serri 1988) Majority
of the bast rocks show CaO/A, O, ratio less than chondrite value 0.9 (Sun and Mc Donough 1989).
The inverse relation existing betveen CaOfTiO, and CaQ AL O, vs. Mg# (Fig. 4 & 95) in the basic
plutonic rocksrefled the fractioretion of Cpx (Peffit et al 198Q Classet al 1994) Similar relationship
also existing between Ni ard Cr and Mg #, also suggesithat the Cpx fractioretionisinturnacontrolling
facta of Ni and Cr abundances In closel a system Cpx become a major fractioreting pha® only in
more ewolved MORB or above 105 Kbar pressue whereit replaces olivine as a liquidus pha® (Walker
at a 1979 Wilkinson, 1982 or when magma mixing occus in open systen chambes (Dungan and
Rhodes 1978 ; Walker et al 1979) According to Wilkinson (1982) the crystalistion sequene of
magnesian MORB indicate that at low pressues (<5 Kbar) clinopyroxere does nat crystallise until the
separatian of significart olivine and plagioclag occus (sometime after approximately 50%
crystalisation) Furthe, Ti vsV plot after Shewais (1982) classily thes rocks asisland arc tholeiites.
Thesimportart geochemichparametes studied point towards asubductio settirg where sud pressure
fractioretion of Cpx arourd 105 kbars or more is available.

Rb/Y ard Nb/Y ratios (Fig.6) are studied for an undestatirg on the mantke souces modified by
slabmelts by circulating slabfluids. Rb/Y, Nb/Y, Th/Zr, Ba/Nb ard Ba/Th ratios are geneally low for
mantk derived melts unles there is ametasomat effect by circulating fluids or slab derived fluids
(Zhao ard Zhag 2007) The studieson thes trace elemen ratiosindicate the following; i) melk related
enrichmenii) addition of slab fluids, ard iii) aqueos fluid addition.

The matasonatic agens ard influx from the subductd slab may be further finger printed by the
traceelemenratiossuchasBal/lLa Th/Yb, La/Yband La/Nb. Theplot of Ba/Lavs. Th/Ybisessentidy
an LILE / REE ard mog immobile Th/Yb indicat the fluid actvity for which Ba (LILE is more
soluble than REE ard Th, Yb) concentatiors are indicative. In the bast rocks variable Ba/La are
obseved where as Th/Yb are constant This is indicative of addition of slab fluids into the souce
region of the mantk. Conversdy variable Ba/Th ratios obseved when plotted againd Th/Nb, showing
constan ratios indicating there by aqueos fluid addition, further substantiat the slab derived,
subductiam related, fluid induced metasoratism for LIL E errichmen (Fretzdoff et al. 2002).

Incompetible trace elemen ratios such as La/Sm ard Sm/Yh, (Gb/Yb), Al,O,/TiO, may be
successfully employel to deciphe the extert of melting, depth of melting ard zone of melting in the
mantk region. The high ratios of La/Sm (~4-6) are indicative of lesse to modeate degree of patial
melting, but the very low ratios of La/Sm (~0.1-0.6) of Boggulakon@ samples may be resultam of high
degree of partid melting. Sm/Yb ratios (~0.26) are indicaive of melting alorng the transitiors of
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garne lherzolites 7 spind Iherzolites This analoy may be explained basel on the belaviour of Sm
ard Yb which are not affected by fractiond crystalisation but depth sensilve ard especialy Yb is

garne contolled. Hence it can be sad that the smalle degree of patial melts geneated in garnet
Iherzolite zone of mantk are respondile for the obseved low to modeate ratios of Sm/Yb ard LREE

errichment A plot of (Gd/Yb), vs ALLO/TiO, further suppot the theoly of garne in residie during

lower degree of patial mante melting. Basel on the Eu-negative anomalies depicted by sone of these
basc plutonic rocks it can be inferred that plagioclase is at residuun at a lesse degree of partial
melting or during initial stagsof melting With progressio of further melting in plagioclag lherzolite
depth zore of mantk, plagioclase slowly and progressvely accunulated into the mek and thus
contrbuted flat and posiive Eu-anomalis Wilkinson (1982).

On the bass of geachemisty, it is evidenceal, significart metasoratism of the mantk in the
souce region. It ishene likely that slightes differenee in basc pluton chemisty reflect differencesin
depth of melting zore of melting ard also extert of melting, which can be related to eithe variable
thickness of the descendig slab or degree of metasoratism in asubductio tectonc settirg resuting
magmeatism in an islard arc fashion.
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ABSTRACT

Alkaline gneisss marked by defarmation are fourd emplace at various locations in the recenty
demacated Basta alkaline province, the biggeg body amorg themislocated at Kunavaram alorng with
a satellite body at Chinturu both in the Khamman district of Andhra PradeshWhile the major rock
types being hornblende nepheline syenite ard biotite nephelire syenite at Kunavaram the Chinturu
body is overwhelmingly composd of biotite nephelire syenite. Syenites constitue asubadinate
componehin both thes belts It is customay to distinguis alkaline rocks especialy the nepheline
syenites as agpaitt ard miaskitic types dependirg on the Molecula propation [K, O +Nag O]/ Al, O,
whichis generally denotel asthe agpaitc index .1f the index is below unity the rock is miaskitic ard in
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caseof the index exceedingone thenthe rock is Agpaitic. The agpaitic rocks therefore assumea
peralkaline chaacte unlike the miaskitic ones.

In the typicd bivariant diagran depictirg Al,O, vs Na,0 + K,O in the Kunavaram

Chinturu alkaline rocks it is mog striking to find all the plots fall in the Al, O, field below the unity
line, without any exceptim in the triangula diagram SiO, - Al,O, - Na,0 + K,O agan all the rocks
show clusterirg inthe Al, O, field, reinforcing the miaskitic characte of the rocks. Inthe Na,O vs
K,O plot, all thes rocksindicate K,O > Na2Q Although syenites are also plotted alorg with nepheline
syenitesin all thee diagrans it has to be emphasizé here tha thes two rock units are not geneticaly
linked. Even then the syenites too in thes two belts belave similar to nephelire syenites as far as
Na,O/K,O isconcened. From the above depiction it is clear thatthe Kunavaram-Chinturu nepheline
syenites ard syenites come unde miaskitic and not unde peralkiline category.

DISEQUILIBRIU M MIC RO-TEXTURE SIN PLAGIOCLAS E FROM 6 AGLAVA OF
1994795 ERUPTION, BARREN ISLAN D VOLCAN O, NE INDIA N OCEAN:
EVIDENCE OF DYNAMI C PLUMBIN G SYSTEM

M.L.RENJITH

"OPWCII, Marineand Coasta Surveys Division
Geologicd Survey of India, Cochin-682037
*e-mail: renjithml@redifmail.com

ABSTRACT

Barren Islard Volcaro (BIV), an active subductiorrelated volcaro in the Andaman Sea NE
Indian Ocean falls within the northern extensian of Sunstra volcanic chain formed by northeastwed
oblique subductim of Indo-Australian oceant plate beneth the SoutheasAsian plate. BIV witnessed
three major volcanic acivity: i) a pre-historic eruption predate the yea 1787 ii) betwveen the year
1787 ard 183 ard iii) fromthe yea 1991 to 2009 four stage of eruptian during the yea 1991, 1994
0 9 B0050 ®ard 200806 D (e.g, Sheth et al., 2009) The erupteal producs consis of aa lava flows,
tephra fallout,lahas and stge deposits and &ve HAB and basaltiandesitesrérely andesite) in
composition In the studied aa lava of 19946 ®eruption plagioclase, an ambiguos pha®, fourd as
large (>4mm), smalle (<4mm) ard microlite in sizes exhibit wide rarge of disequilirium micro-
textureswhich recad the crystallization dynamics Large crystak often show isolated or interconnected
coasesieve (CS) morphology at ther core region (Fig.1a) They are the glass inclusiors behawe like
opaqueand give porous appeaanceto thesecrystal regions. Akinto CS there areclosdy space,
uniformly distributed, very fine-size melt inclusiors (fine-sieves FS) occu asmultiple zonesin smaller
grairs or alorg the fringes of larger grains or overprinted on fine-scaé goowth zones (Fig.1). Both CS
ard FS occu as disaete regions in a gain. Fine-scak oscillatory zones (FOZ) are the sd of 5-15
individua composition& zones often found in smallg crystak (Fig.1H and oute rim of larger
plagioclag. Eachzore haslessthan 4u thick. There are upto five FOZ-sets separated by drastc charge
in composition (opticd differencg or FS 2ne or major resaption surfaces obseved from a gain.
Ther individud growth zones often show curved cornegs ard wavy rather than straight atthe margins.
Within the FOZ synneuss of plagicclase lathsare frequentin many grains CS, FS,FOZ and resorption
featuresarefourd togethe inagrain (Fig.1a) Apat fromther resorptionregrowth featuresplagioclase
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are also exhibit unique morphologicalhabits. Afew to several plagioclasecrystalsinterlocked as
glomeocrystswhich istypified by CS morphobgiesin ther individua grainsand FOZ or thin zone of
FS running alorng ther oute margin (Fig.1c). In addition, H-shapé oute skeletd envelopes in the
smalle grains known as swvallow-tailed crystals microlites of less than afew micron size sd in the
groundmas alorg with mafic phase ard glass and broken crystd showing both euhedal ard rugged
grain margin are alo signfficart plagioclas habits in thes aa lava

The above texturesrecad the dynamic crystallization processes. Thgeneated magma has
undegonre extensve crystallization of plagioclase at despe magna chambe in a stable magmatic
environmert ard then ascehto achambe at shalbw depth. While ascendig decompessia increases
the H,O of the systen ard caug partid dissoluton of plagioclag as preseved as CS morpholgy
(e.g., Nelsan ard Montana 1992) At the shalbw chambe, newly brought crystak and pre-existing
crystak have undegore dynamc crystallization viareheatingregrowth unde a convecive selfmixing
environment Such dynamc condition favour the dosdy space grains with CS morpholgy to get
attached togethe to form glomeoaysts (e.g., Hogan 1993) Hotter Carich magma brough by each
recharge evert reheatd the pre-existed crystak and cau® patial dissolution as FS morpholbgy (e.g.,
Tsuchiyamag 1985) Multiple FS in a grain imply repeated recharge events Convection transpot the
crystak aaoss the theemd or compositiona gradiens within the chambe. This has fluctuated the
equilibriaat the crystatmet interfae ard cau® rhythmic FOZ (e g., Ginibre et al., 2002) Dissolution
featureslik eresaption/wavy surfaceard curved cornerswithin the FOZ discad ther kinetic diffusion
controlled growth and imply the repetitive dissolutionregrowth events During convection synneusis
of plagicclase laths within FOZ was frequent(e.g., Vane, 1969). Syneuption processexperience
supe cooling or anincrea in the liquidustempeature dueto wate exsolution or vesicukbtion induced
by magma decompessian caug pervasve developmen of microlites (Casto and Mercer, 2004 and
swallow tailed ( 6 -Bhdped morphobgy in plagioclas (e.g., Viccaro et al., 2010) While ared eruption
the decompessia blew gpat the phenocysts (broken crystalg which cary inclusiors vescle-rich
melk entrappel at high pressues (e.g., Bes and Christiansen1997) The eruptel produd of 199495
aalavaconstitue of various physicd mixtures of melts genetically related crystak and xenoayst (e g.,
Lubr ard Halda, 2006. The alove new evidences of disequilibrium textures strongly suppot that
crystatrich magma from the degper soure is brough a shalbw chambe where they thorougHy mix
with pre-existing magna like a sef mixing environment This recharge evert might be a repeated
proceswhich enhane convectiverecycling, degassiig ard finally violent explosionto produce varying
popuktion of plagioclasewith disequiliriumtexturesintotd volume of lavaerupted during this period.

(RC) and FO2verprinted with FS mophology (holbw arrow). Note that curved zone coners andvavy zone magins.
[c] A glomeroeyst showing CS morphobgy at the cente (hollow arrow) and FS morphologyrunningalongthe grain
fringe (thin arrow).
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ABSTRACT

The ophiolite bek in Nagalard occus alorg the Indo-Myanma border where it is tectonically
sardwiched between low grade greenshists of the Nimi Formation on the eas and fl ysch sedimens of
the Disarg Group on the west In this bek serpentinite ard volcanics predomirate. Thes volcanics
include basalf basaltc andesig, hyaloclastites ard pyroclastics Thes are assodited with dismembeed
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bodies of peridotite dunite harzurgite, Iherzolite etc Sone of the basals are alteral to spilite. The

basals are closdy assocated with radiolarian cheit ard limestore. They exhibit relatively poor

fractionation of REE with almog flat chondritenormalisel REE patterns LREE fractionation (La /

Sm =0.5%1.40) ard thatof HREE (Gd /Yb,=0.832.26) isnegligible. El-anomalis are not prominent
(Eu/Eu*=0.391.11) indicating negligible role of plagioclag fractionatia in the petrogenesiof these
basalts Ther geochemisty indicates ther derivation from martle souces similar to E-MORB and
emplacemetnas ocean floor tholeiites in abackarc bash nea aplate margin. Palaeonagnetc studies
on 19 oriented block sample are carried out to isolate ChRM directiors using therma and AF

denegnetiztions The mean NRM intensity and magnett suseptibilities fourd are 6.45 x 102 A/m

ard 70.3 x 10° Sl units respedtvely. Out of the 19 block samples studial only two sample yielded
statistically significart ChRM directiors indicating that the age of the basals are 7015 Ma.

PRECISION GEOCHEMIST RY AND ANALYTICA L TECHNIQUE SFOR
IMP ROVING THE GENETIC MODELLIN G OF INDIA N VOLCANOGENIC
MASSIVE SULPHIDE DEPOSITS

D.V. SUBBA RAO, SN.CHARAN AND B.SREENIVAS

Nationd GeophysichReseark Institute
HyderabadIndia;
dvsubbarao@ngri.res.in

ABSTRACT

Major advances in andytical technology have occured. Most notably, has been the introduction
of the fourth ard fift h geneation inducively couplel plasnma emissicn mas spectomeer (ICP-MS)
ard MC-ICP-MS, Stabeisotopeandysisof S, O, Cu, Znard Feard aswell as new sampe introduction
technologis sud as insitu major and trace elemei analyss of ore mineras ard hog rocks using the
EPMA ard SEM-EDS. Integration of the éove mentionel high precision andytical data may lead to
a bette undestandimg of the Indian Volcarogentc Massve Sulphice Deposits (VMS). In the present
work, an atemg has been mace to utilize the trace and REE datato disaiminate between barren and
mineralized VM S deposits from Ambaji ard Deri in Souh Delhi Fold belt Massve, stratiform zinc-
lead-coppe ores occu a Ambaji ard Deri located ~8km apart in Banaskantadistrict of Gujarat and
Sirohi district of Rajastharespedtvely. The Ambajii Deri mineralized zoneoccusinarkosic sediments
to quatz wackes metamaphosel to paagneissesard biotite-quatz schist interlayer with concadant
bodies of amphibolites (Deb, 1980) The Zn-Pb-Cu ores are concentratd in lensod bodies The trace
elemem compositiors of these hod rocks ard ores are characterizeé by the highe concentratia of Pb,
Cu, Zn ard Co ard modeate concentation of HFSE Recenly acqured Sulphu Analyzer system at
NGRI detagmines the totd sulphu conten of the® analzed mineralized samples Ther Chondite
normalized REE patterns exhibit light REE enrchmert (La/SmLY strong negative Eu anomalies and
flat to erriched HREE patterns (Gd/Yb =2.79). Negaive Eu anomaliesare chaacteistic of these
hydrothemd altered zone sanples Gak etd (1997 examinal the applicability of using REE detemined
by ICP-MS for VM S exploration In REE Chondite plots both stratigraphy and proximity to
mineralization were clearly defined. In part the Eu sigreture strengh was fourd to be integrd in
defining harging wall versus footwal and distd versus proximd in several examinel deposits The
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obseved strong negative Eu anomdy/Eu depletion in the Ambaji-Deri VM S ores is attributed that Eu
may be leachel out of footwal rocks in the hottest part of the hydrothema system A Chondite
normalized plot would reflect this Eu depletion This Eu may be precipitated in the exhalaive horizon
proxima to theedeposits Consequety the chondite normalized plot would reflect thisEu errichment.
This positive Eu anomalyoften becomeswveder as one becomesmnore distal to the deposit. This
provides a potentid vectaing device for the exploration geolbgist. In addition, the trace elemen ratios
swchas Zn: Cu, Cu/Qu + Znard Zn/Zn + Pb in VM S deposts can be usal to deciphe the intra deposit
correlatiors ard genetc modelling aspectsThe nontraditiond stabk isotopes especial of transition
metals Cu, Feard Znreved the subtk detaik of fractioration processsassoated with exhalations or
precipitation suich as tempeature of exhalatiors etc and as well as to undestard the natue of redox
sensitve environments The othe stabé isotope compositios of S, C ard O may throw light on the
nature ard origin of hydrothemd fluids. The insitu major and trace elememn andysis of ore minerals &
hod rocks usig EPMA ard CHIME dating of Zircors ard monazie reved the metamaphic P-T
history and P-T-t paths. Integration of geology, petograply, Ore petrobgy, and high precision
geachemicd andysis inclusive of isotopes with that of geophysichcharacteistics may lead to a better
undestandig ard chaacteization of the VM S deposits.

THE OCCURRENCE OF PILL OWSIN ULTRAMAFIT E ROCKS NEAR
BHAI ROGONDANAHALL | VILL AGE, HASSAN DIST, KAR NATAKA.

PV.SUNDER RAJU AND K.V.ANJAIAH

Nationd GeophysichResearls Institute
Uppd Road HyderabadIndia- 500 007

ABSTRACT

The reconnaissarecsuivey for platinumgroup elemens in mafic-ultramdic rocks, around
Bairogondanahaillvill age (#2241) NW of Arsikere in Hassa district revealed an outaop with pillows
typicaly measuing 0.85 x 0.3m separated by fine rims of vesicula cavities at the rims of the pillows,
signifying the oozirg processThe outaop trends N 32C° ard dips 75° west Onre of the pillows shows
fish eye structure, while othe pillows are elongatel. The presene of multiple-ring structuresare common
amory shalbw wate pillows with diamete larger than 1m, eg. Oamau in NewZealar, Columbian
plateau (USA), ard elsawhere. The multiple occurerces of pillows are formed by the condenation of
exsolved watea. When wate condensegdueto the pressue differene between the interior and exterior,
a pillow is created. Due to pressue difference the pillows often show buckling ard thrusts So the
presene of multiple pillows structure is characteistic of shalbw-wate pillow lava. Thes types of
ultramdite beaing intrusve compkx ard pillowed ard nodula extrusve komatiiti ¢ ultramédic rocks
in the northern parts of Arsikere, constitutirg Nuggihalli schig bek in northward ard SE margin of
Shinmoga schist bet bring an additiond information on mantke withessesThe pillows are unusua in
metaultramdites. Several field obsevationswith both intrusve and extrusve mechanisnsare presented
in this paper.
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ABSTRACT

The Cretaceos age Deccan flood basals of Anantgiri Hill s nea Vikarabal representd by six
lava flow units occu as relatively less weathered basals ard patially lateritised rocks(Dutt, 1970).
Formation of columna jointswith vesicula topsin the Anantagiri Hill sisthe mog conspicuosfeature
in thes basal flow units These six flow units comgising a totd exposel thicknes of ~ 350-400
meteas, exhibiting cooling joints representig primary columna volcant structures ergble division of
individud flow units into three well defined zones namdy: Lower Colonna@ Zore (LCZ); Middle
Entabbture Zone (MEZ) ard Uppe Colonna@ Zone (UCZ) gradirg upwads into a5-10 m thick
laterite cover. The columrsin the UCZ are Vertical thick ard five sided , the MEZ with avesicula top
and separating the UCZ and the LCZ displays four sided intersectig, fannirg and fragmented
columnswhile the undelying LEZ also with avesicula top has four to five sidel vertical columrs .
The® basals are mediun to coase grained showing intersatal, ard rare porphyritic textures They are
essentidy composd of plagioclase feldspa, clinopyroxere, £ olivine, Ti- magnetite, glassard zeolite
growp minerals Preliminary geocchemicd data on Anantagiri flow units show that they are tholeiitic
basals having SiO, rarging from 47.51 to 50.06 wt% and Al,O, from 12.28 to 13.81 wt%. These
basals show a mild affinity towards basaltc andesi¢ on the TAS (Na,O+K,0 vs. SiO, )} diagram On
the Al-Fe+Ti-Mg ternary plot thes basals plot in the iron rich tholeiitic field neaer to the high-Mg
tholeiitic field. The major ard trace elemer sigretures of the tholeiitic basat are nealy similar to that
of the Ambenai Formation basals (Westen DVP) with minor variations suggestirg continuation of
the Ambenal Formation in the SE Deccan Volcantc Province. REE plots for thes basals define a
nealy flat pattern with mild LREE errichmen and negligible negaive Eu anomdy. Primitive mantle
normalized multielemen distribution patterrsexhibitedby thes basat flows unitsshow amild LREE,
LIL Etrough positive Ba, Nb and Pb peals ard negative anomaliesfor K, Sr ard Pthatarein similarity
with plume type C F B .6Geachemica sigretures shown by thes tholeiitic basat flow units suggest
thatthe precursoto thes high Fe-Ti-PCH meltswas probably geneated by low degree partial melting
of an enricha&l mantk source.
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ABSTRACT

Thenumbe of younge granite plutors intruding the Singhbhum Mobile Belt(SMB) surrounding
the SinghbhurmOrissa Craton viz. Kuilapa granite on the East Mayurbharn granite, Soch ganite,
Arkason granite, Chakadhapur granite gneis ard Tampe kola granite on the west Of thes Kuilapal
granite body isthe largest Besides smal granite bodies intruding the low-grade meta sedimensg and
metavolcanicswhichoccu north of the Dalmavolcant belt. Petrographc ard geachemicd chaactes
of the minor granite bodies souh of Dalma volcanics are similar to those of Kuilapd granite. which is
inferred to have been producel by shalbw-level fractiond crystallisation of a crustaly derived
granodiorie melt Dominane of xenoliths in the Kuilapd grante suggeg large-scaé assimibtion of
crustarocks (1).

The radiometic ages vis-a-vis isotope geochemisty of the various granitod plutors occuring
within the mobile bek were usal to constrai the ewlutionaly history of the SMB supracrustals The
Singhbhum Shea Zone which marks the bounday of the SMB with SinghbhurrOrissa Craton,
shows nultiple reactvation, the oldeg being at ~3.09GaFurther phass of granite plutonism and/or
sheaing and mineralisation have been reported along this shea zorne occured in Palaecto
Mesopoterozoic periodsat~2.2 1.8 1.6-1.5, 1.4 ard 1.0 Garespedvely (2).

The presemwork pertainsto the Rb-Sr and Pb-Pb whole rock geochronolbogicd studies on the
Kuilapal granite, which are intrusive into the metasediment®f Singhbhumgroup in the external
tectonc setp of north Singhbhun Mobile Belt. Fourteen samples were collected finely powdered to
formthe hormgenisel represendtive which were processd further. The dissolutian of the rock samples
carried out in aclass100 clean chemicé laboratoy, followed by the elementhsepaation usirg ion-
excharge chromatography(3) The separated pure fractions
of theelemenswereandysed onVG3%4 Thermd lonisation
Mass specbmeterfor their isotopic ratios fédwing the
procedue descibed elsawhere (4). 2

inta-poinl eror sdipses ore 24
11 il s

The Rb-Sr data on ten sample define an isochron
age of 1792+8B Ma, with an initial Sr/%®Sr of 0.7064
+0.008® (MSWD = 13). The Pb isotopt data on thesg
samples define a Pb-Pb isochron age of 1863 +80Ma
(MSWD = 11.3 with amodé p, value of 8.53+0.27Both | ** el
the Rb-Sr ard the Pb-Pb ages are in agreemenwithin the e
limits of experimentd errors. Since the Sr/%Sr initial ratio &

and modée |, value are highe than the contemporey mantle 0 oz 4 s 8 oW ou
*Rb/*°sr
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souces thedaaindicate involvemert of erriched crustd souces Thisage obtainel on Kuilapd granite
can be taken as the age of ore of those periods of reactvation which occurel during Palaecto
Mesoproteroza periods.
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ABSTRACT

Mogt of the Deccan Volcantc Province basalsrepresemresidualiquids domireted by plagioclase
fractioretion, but the basals from Barambae, Chotila and Lodhika areas of Rajkat region in Westen
Gujarat exhibit ealy stages of fractioration domirated by clinopyroxere ard olivine where plagioclase
is negligible. They are subdivided into three groups(l, 1l andIll) basedon distinct textural and
gecchemicd chaacteistics Signfificart variations in major oxides (SiO,, TiO,, FeO, MgO ard CaO,
competible (Ni, Cr ard Co) ard incomgatible elemens (Zr, Nb, Ta, Y ard REE) are utilized indecipheing
ther petrogenesisGroup-ll 1 basals exhibit highe avwerage values of Mg# (0.59) MgO (9.9 wt %),
FeO (10.8 wt %), Ca0 (10.87 wt %), TiO, (1.96 wt %) and Ni (54-72 ppm) when compaed with
group! ard groupll basalts Melts of group 11 basals are considerd to be the parentaliquid from
which the highly ewolved group! ard group!l basatls were delived by fractiond crystallization. The
obseved geochemica variation in the Deccan basals of Rajkat region is suggesté to reflect different
degrees of ealy stage fractiond crystallization domireted by olivine+ clinopyroxere = orthopyroxene
fractioration at relaively deeper levels.
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ABSTRACT

Meghabya Platea is known for the Neopoteiozoic granites sud as Sout Khas Batholith,
Myllie m etc. They are grey, porphyritic, | type ard indicates age rarge of 757 to 479 Ma. However, the
hypidiomaphic variants occurrirg in the gneisst compkx are differert by mears of field settirg,
mineralogy, chemisty ard age is hereafte referred as 6 O Ir dgrea n.iAh edodgate body of such
older granite showing pink colour is exposel within the gneisst compkx in northweg margin of
Shillong Basin Meghabya. They exhibit gradationd conta¢ with the gneisst compkx/ metasediments
of Tyrsad Formation ard show NE-SW trendirg foliation in PyrdaNonglipu ard Mand sectionsThis
granite also contairs xenoliths (restite of musvite-biotite schist and biotite gneiss.

The older granites (n=8) have anabysed SiO, (70.977.1%) Al O, (12.3616.11%) K,O (4.41
5.51%) Na,0 (3.45t0 4.96%9 and Ca0 (0.33-0.66) The high K,O/Na O ratio (1.04-1.46) indicating
the potasst nature of older granite. Further, they have shown abundane of Rb (av. 170.35 ppm), Ba
(av.193.5 ppm) ard Sr (av.9.40 ppm) similar to low Cagranite The granite exhibitshighly differentieted
nature (Differentiatian index: 91-96), which isalso corrobarated by sampé plotsin strongly differentiated
field in Rb-Ba-Sr diagram In CaO-Na,0-K,O diagram the sample plot in the quatz monzonite
adamellie field whereas in K,O vs Na,O diagram they occuyy granite to ademallie field. SiO, vs A/
CNK plot ard A/CNK vs A/NK variation diagrans reved the S- type, peraluminots nature of these
granite which isfurther substantted by the presene of normative corundum (0.41to 3.27) Inaddition,
the sedimentey parentage for older granite is evidencel by (i) relict gneisst foliation, (ii) xenoliths of
musaovite-biotite schist ard (iii) presene of sillimanite. Melt of nea minimum compositio gppears
to hawe been emplace betveen 670° and 685C (at pH,O 5kb) to give rise to the older granite as
inferred from the normative Ab-An-Or ternary system.
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ABSTRACT

The southen granulite terran (SGT) consiss of a series of crustad blocks delineate by crust
penetating shea@ zones One amorg them isthe eastwed trendirg Bhavan shea zone (BS2) whichis
located betveen Moyar-Bhavan lineamenm (M-B) in the north and the PalghatCauwery lineamen (P-
Ca) in the south The Bhavan compkx, emplacd in to the rocks of Sathyamangalen group contains
the numeous gablyoic bodies in assoation with the pyroxenites The gablyoic rocks exhibit banded
structures with alternating leucocatic ard melanocatic bands The ultramdic-mafic assoation of
Bhavan Compkx occuss as dismembeed sequenceMajor, trace, ard rare earh elemen (REE)
geachemisty of the gablyo and pyroxenites collectal from well exposel outaops nea Odhimala and
Thenkalmalaareas of this compkx are presentd and ther petrogenett significance is discussed.

The geochemica sigretures of the gablyo ard pyroxenites show a significart variation in major
and trace elemem concentation The pyroxenites show SiO, composition rarging from 49.6-55.5%,
ALO, from 6-13.6% MgO from 3.6-14.3% Ca0 from 8.4-15.8% ard TiO, from 0.241. 7 while
average composition of SiO, Al,O, MgO, Ca0 and TiO, in gablyo varies (in %) from 49.958, 9.4-13,
7.413.1,9-134and 0.26:0.54respedvely. The CaG-AlL O, relationshp of both pyroxenitesand gablyos
shows ther trend towards primordial mantke. Bulk compositiormwhole rock andyses indicate that the
magma type is tholeiitic but trendirg towards a calc-alkaline.

Totalrare et h el ement (vahieR EhEa)limitedorame andekhibits limited REE
fractioretion in both LREE and HREE The pyroxenite sampé shows Negative Eux-anomales with
slight errichmen of HREE The studied sample are erriched in large ion lithophile elemensg with
depletad high field strengh (HFS) elements(La/Yb)cn and (La/Sm)a values sugged the arc setting
environmert for the studied samplesPM- normalized Th/Nb and Rb/Nb ratios of the studial samples
suppatsther delivation from non plume source.
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ABSRACT

The ~25 Ga mafic and ultramefic rocks occuring arourd the Punja Puliyamptti area of
Mettuppalayam Ultramdic Compkx hawe been studial for ther field, petrographc, and geachemical
(majar, trace ard rea eath elemen} sigretures The area is representd by dismemberéd sequene of
pyroxenite, garnetierous gablyo, and gabboic anathosite The litho units occu as tightly folded
ENE-WSW to E-W trendirg linear bodies within the amphibolie facies gneissesPetrographe studies
from the pyoxenite and gabbro samplesveal that the rock is medium to caae gained, and is
essentidy mack up of Ortho ard Clino pyroxenes with subhedal crystak of amphiboé. The opaques
are mostly magnetite which occurs as discrete grains along the grain boundaries as well as along
cleavage/fractue planes of pyroxenes /amphiboles.

Bulk composition/wha rock analyses indicate tha the magna type is tholeiitic but trending
towards a calc-alkaline. The pyroxenite sampé shows slight Negatve Eu-anomalis where asthe galboro
displysflat trerd with limited REE fractioration. The studied samplesare enrichel in large ion lithophile
elemens with depleted high field strengh (HFS) elements(La/Yb) cn ard (La/Sm)a values suggest
the arc settirg environmen for the studied samplesPM- normalized Th/Nb and Rb/Nb ratios of the
studied sample suppors ther defivation from non plume source. In the Ce versus Nd diagram the
selecte samples occupy the place arourd the 10% partial melting of PM, which indicates that the
source of the studied sample was erriched in light rare eath elemens (LREE) before melting or the
magma were contaminatd before fractiond crystallization.
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Int roduction

Platinum-group elemens (PGEs Ry, Rh, Pd, Os Ir, Pt), Auand Reare highly siderophileelenents
(HSE) that were largely concentated in the Earthts core shorty after planetay accretion HSE
concentatiors in the mantk are too high (by severd ordeis of magnitudg to be in equilibrium with
metallic core. The mantk isal the ultimate sour@ for mog economiegrade PGE deposits Determining
average souce composition ard the minerals controlling the HSE budget are essentihissues for
modelling the HSE contens of mantlederived magmasthat may yield PGE deposis(Lorand et al.2010;
Maier, 2005; Naldrett, 2004) As PGE are so depleted in the Earthé crust, they can seve as important
tracesfor addition of extratarestial material, suchascosmc dud or meteaitesatlargeimpad cratess.
The PGE hwe diferent melting points thatarge from 3050°C for Os to 1555°@r Pd and can
undego fractioretion during melting of the mantk, which makes them importart traces of various
mantke mek processesin the uppe mantle PGE appea to be hostal predominant} by interstitial
sulphice minerals whereas they are more importart host for PGE in the lower mantk in the form of
alloys.

Meteoriti c Origin of PGE in Earth

Very recenly Willbold et al. (2011 cane up with a theory that 20 billio n tons of staggering
meteaite matter, including gold and PGE, slammael into the eath during the 200 million yea long
shower which struck the Earth 650 millio n yeas after its formation. Therefore, moden rock mug have
cone from ameteaite shower which proves thattoday® gold and platinum deposis cane from outer
spae. The puzzling presene of preciols metat in Earth& mantk ard crug may be explained oncethe
mysteries of Eath®& formation dating back to 4.5 billion yeas ago, are solved. As magna cooled
down ard dense material sark towardsthe coreof the planet theirornloving gold shoud haveretreated
toward the core ard left bardy any trace on the surface Maier et al. (2009 also suggesté asimilar
origin for PGE in the Eath. According to him, ealy Archaea komatiites recaded the signd of PGE
depletion in the lower mantk, resultirg from core formation. This signd diminished with time owing
to progress/e mixing-in to the deepmantk of PGEerriched cosmc material thatthe Eath acaeted as
the 6ate veneedduring the Early Archaea (4.5 3.8 Ga ago) meteaite bombadment.

The origin of PGE deposits in layered mafic intrusions

Large layered méfic intrusiors are one of the majar souces for PGE They also represem the
primary evidence for fractiond crystallization, a proces in which molten rocks solidify by the
crystallization of a seies of different minerals Asthe minerals crystallize, they are renoved from the
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mek whichresuls in rock layers of differert chemicd or mineralogicd composition that gvesrise to
stratiform PGE deposits (e.g., Merenky Red in the Bushveld compkx, Sout Africa). Studies have
been initiated at NGRI in collaboration with othe organiztions to identify similar and othe such
occurencesin different patsof India (Balaram 2006 Singh et al 2010 Berdnikov, 201Q Singh et al.
2011).

Chondrite-nor malized PGE and Au distribution patterns

The elementhabundancs in C1 chondites are believed to be the beg available indication of
cosmc abundance (Naldrett and Duke, 1980) When concentatiorns of PGE and Au normalized onthe
bass of the elementhabundancs in type 1 carbonaceasichondrie (C1), are plotted againg these
elemens in the orde of ther melting points provide patterrs tha are much more regular than those
thatwould be obtainel for theun-normalizel data. These chondite-normalizel PGE ard Au distribution
patterrs provide information on the redistrbution of elemengwithin the deposis after emplacemetof
the suffide liquid by processs such as fractiona crystallization, immiscble suphice segregation and
diffusion of elemens in respons to thermd gradien ard hydrothemd acivity.

PGE in marine geochemicéstudies

Hydrogenos ferromanganescrusisare consideed to grow by dired accumulation or precipitation
of colloidd metd oxides from nea bottom sea wata. The supgy of iron ard manganesis strongly
related to environmenté factors such as biologicd producivity in the surfae layer of the ocea and
concentation of oxygen in the wate column etc. Due to low growth rates of a few millimeters pe 1
Ma, ferromanganes crusts/nodule contan a detailel long-time recad of charges in bottom water
currensand the chemisty of the surroundirg seawate during the past Chargesin seawata chemisty
recordel in the marine sedimens can provide information on the climatic charges in the past Co-crust
sample from Afanay Nikitin Sea Mount in the centa equetorial Indian Ocean containe very high
concentatiorsof PGE ( i B @mgesfrom10% 1 195 ng/g) The strorg errichmert of Pt (upto 1pg/
) relative to the otha PGE ard its positive correlations with Ce ard Co demonstated acomman link
for the high concentatiors of all three elementsSeveral studies indicated that asurfae oxidation of
seawater Pt (1) to Pt (IV) by Mn (and possbly Fe) oxide isinvolved in the extrene enrichmert of Pt in
ferromanganescrusts (Balaram et a 2006 Banaka et al, 2007).

Iridiu m anomaly

Apat from the economt importane of PGE & Au, which make them importart exploration
targets ther distind geochemica propaties make PGE as powerful trace tool in probing planetay
formations ard to unfold the mysteries of corei mantke 1 crustd processeslher concentatiors also
saveasexcellert finger printsof extraterrestial input becausthes elemensare several-fold erriched
in meteorites compare to crustdrocks Iridium particulary played an importari role in studies linking
the impad of an extratarestial objed to the mas extinctions at the K-T bounday. Mass extinction
events that punctwte Eartlts histary are still enignetic. High iridium concentatiors in Cretaceous/
Tertiary bounday clays have been linked to an extratarestial impad from an iridium-rich asteoid or
large meteaite ~ 65 millio n yeas ago. Becaus iridium is abundar in meteaites (ard in the eathé
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mantle) but rare in crustd rocks, it was proposel that the eath had been struck by a large (10 km
diamete) chonditic (with characte of stony meteaites) asteoid or meteorie. It was further suggested
that thisimpad causé the ejection of a vag amourt of dug that stayed in the amosphee for about 6
months resultirg in the Hotting out of the Surds rays with consequencesstion of photosynthesis,
breakdwn of food chains ard the extinction of 70% of all life forms on eath, including the dinosaus
(Brooks,1987)Othe evidenee in favor of the occurence of such an impad has been provided bythe
detectio of shacked quatz grains originating from impad ard of amaphous carbon paticles similar
to soot derived presunably from wordwide wildfires at that time. The physicig Luis Alvarez ard his
co-workerswerethefirst to link the extinction to an impad evert basel on the obsewation thatiridium
is much more abundar in meteaites than it is on Eath. This theoly was later substangated by other
evidencesincluding the eventua discovery of the impad crate, known as Chicxulub, on the Yucatan
Peninsud in Mexico. In India, Anjar basals provide unique opportuniy for studyirg the relation of
Deccan volcanisn to the K-T bounday. The iridium conten of Anjar basals is high in a particular
flow, F-2 whichis the highes value (178 pg/g) obse&ved in Deccan Traps so far. However, since alkal
basals form only a smal fraction of Deccan Traps ther contribution to the iridium inventory at K-T
bounday may be insignificart ard its main sour@ may be relatal to a bolide impad (Shukh et al.
2001) Thierry (2017 reported high iridium concentatiors (up to12 ng/g) in Meghabya K-T bounday
(Per®nd communications).

Isotopic studies

Os has seven natually occuring isotopes whereas Re has two, of which *¥Re is radioacive and
deays slowly viab deay to ¥Os Thus ¥Re-*¥Os isobaic par, recgnized as ausefu chronometer
for both geocchemisty and cosmahemisty (half-life for the deay is 4.16 X 10° yeas), offers an
unigue oppatunity for the dired dating of sulfides deposits ard also studying geness of ore deposits
of PGE In addition, osmium isotopt datg typically expresse in terns of ¥Og'®0s which rarges
fromabou 1 in mantk and meteaitic materials up to 30 in rocks of the crust, are being applied to solve
guestioms of mantke composition mantk - crug interaction etc. A long-standiry debate in geology has
been therelative roles played by the Earth® crug and mantk in generatig the geachemicd signatues
of large igneots provinces (LIPs), ard ther influence in formation of minerd deposis in magmetic
systems Layeral intrusiors are cental for addessimy thee issues becaise they recad periods of
magmeatic activity intimately associted with LIPs, and geneally hog preciols metd mineralization
within the system Application of the Re-Os isotope systen to thes problens has allowed effective
disaimination of crustd and mantk sigretures becaus Re ard Os track the behavior of PGE with Re
ard Au collecively.
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PLATINUM -GROUP ELEMEN T GEOCHEMIST RY AND TECTONIC
ENVIRONMENT OF ULTRAMAFI C ROCKS OF IK AUNA IN MA DAWARA
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ABSTRACT

The Bundelkhad Cratm is ore of the Archean protocontinentanuclei in Peninsula India on
which not much information on tectonc settirg, evolutionay histay ard petrogeneti processs is
available. The ultramdic rocks of Ikauraarerelatively low in SiO, (42-48 wt%) ard very low inAl,O,
(0.09'1.88wt%), Ca0 (0.20'1.60 wt%) ard TiO, (< 1 wt%), ard highin MgO (37.7 to 42.3 wt%). Cr
ard Ni are extremdy high that rarges from 3000 to 6000 ppm and 1500 to 4000 ppm respedively.
Thes rocks are domirated by coase grainal cumuktes of olivine ard occasiondy with pyroxenes
where medium to fine grained platinum group minerals (PGMs including othe preciots metd and
chromite occu as dissemirted grains in the inter-granular spacs of olivine cumulates and pyroxenes.
Compositiondly, thesrocksare variably evolved betveen peridotite and pyroxenite, and are of orogenic
peridotiteto mantk peridotitetype. Thevariatiorsin the REE fractioration, ard othe chemicd features
indicate magna derivation atmodeate depths from high degree of partial melting of depleted mantk.

Concentratios of PGE and Au of the ultramdics samples from the Madawara compkx,
Bundelkhad arerepated in pph Ir 8-23, Ru17-300, Rh 0.08-0.14 Pt 23-277, Pd 12-142 ard Au 24
127. Theprimary mantlenormalzed PGE distribution patterns reveal fiswallow t y pcenge, with
errichmen in Ru, Pt, Pd in compaisonwith Ir, Rh, and are similar to those of harzurgite in Pyreenees.
The overall PGE abundancs of ultramdics (upto 800 ppb, average more than 400 ppb are highe than
the averages of MORB ard OIB ard similar to ultramdics of orogenc peridotites Thes rocks are
erriched in the PGE but the mineralization of PGE is mainly corfined into olivine websteites ard is
related to ther concentation in late stage of cooling. The lithologicd asserhlages and geochemical
signatue suggesthe formation of thes rocks within a subductia zore setting.
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GEOCHEMICA L INVESTIG ATION S ON THE PETROLOGICA L MEMBER S OF
GEM-BEARIN G TERRAIN SIN PARTS OF NARSIPATNAM, VISAKHA PATNAM
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ABSTRACT

Visakhapatnam district of Andhra Pradesh India forms an importart segmert of Easten Ghats
Mobile Belt (EGMB) comyrising invaluable resourcesespecialy genmrminerals The study area in
pats of Narsipatnan comgise khondalie, charnockite, quatzite, pyroxere granulite, leptynite and
pegmetite. The preciows ard semipreciots stones of Alexandite, Chrysoleryl (cat® eye), Tourmaline,
Sillimanite, Garnet Zircon and a variety of quatz group are known to occu in thes terrains at
Narsipatnan i Padeu agerty region. The gemstons occu in the primary and secondey stages.

Sample of the hod rocks ard as®ciatal gemstons were analyse for ther major ard minor
elementaconcentations A few of the selecte sampleswere processd for X-Raydiffraction andysis.
The geochemica affinities ard the differentition patterns are presentd in the pape. Invaluable gem
mineralsarefound in associatio withthe Khondalie suite of rocks, as per ther geochemicbevaluation.

ULTRAMAFI C -MAFI C CUMUL ATES, CHROMITITE SAND VOLCANIC
PROVINCE S AS POTENTIA L TARGETS FOR PGE EXPLORATION

M.V.SUBBA RAO

H.No: 12-27/1, Annapoana Colony, Hyderabad500 039
E-Mail:subbaaomv1950@ediffmail.com

ABSTRACT

Platinum Group metak (PGM) havwe rumeous applications eithe in ther pure form or as a
variety of alloys combining differert PGM or with othe metals The key uses of PGM are mainly as
catalysts ard alloys, however they have acontinualy expandirg importane in high tech ard fuel cell
applications At preseh Indiaimportsalmog all the PGM requiremets of the country.

In view of thisthere is a pressimg neal for intengve exploration of potentid terrains for possble
occurrene of platinum grow elemens (PGE) in them PGE being siderophik elemens occu mostly
in the mafic-ultranfic sequenceand layered compkxes If  we hawe a detailal look into the PGE
occureneworldwide, it isevident tha PGE isbeing explored ard mined mainly fromtheslithologies.
Anothe area of intered for PGE exploration could be the mafic-ultranfic cumulate sequenceof the
ophiolite compkxes The basaltc terrains of continentédbasat (CFB) volcanisn occuring both inthe
westen ard the eas ard north-eas pats of India warrart a detailal look for possble occurence.
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In addition, there are many places in the country, where dromitites have been mined in the past
ard contnues to be so in sone places mainly for extraction of chromium Since dromitites also host
PGE inthem it is suggestel that a detailel look into the PGE contert in them is needd. Any success
in reducirg the dependey on imports of PGM, will be bendicial ard will provide impetus for such
exploration in future. Pilot studiesundert&en in the NagaHills Ophiolite belt aswell asin the
chromitites of the Kondapalli layered compkx ard in the gablyos of the Ambadonga region in the
Deccan Volcantc Province (DVP) hawe yielded encouagirg results Detailed investigatios may shed
more light on this aspect.

Further, continentaflood basals such as the Deccan Basalts also warrant  a detailed look into
ther PGE prospectssinae the flood basals of Noril &k (Siberia) have been fourd to contan palladium
ard platinum as by-producs alorg with coppe ard Nickel deposits.

PREPARATION OF LOW AND HIGH -GRADE CERTIFIE D PGE GEOCHEMICAL
REFERENCE MATERIAL SFROM BAULA-NUASAHI COMPLEX , ORISSA, INDIA

SATYANARAYANAN MY, BALARA M V%, SINGH RS, NAYAK SK? JENA MS, MOHANT Y JK3,
DAS JN% HANUMANTH A R SAWANT SS', SUBRAMAN YAM KSV?, DASARAM B!, PARIJAT
ROY?, KAMAL A CT? KRISHNA AK?, ANJAIAH KV?!, RAMESH SL* AND GUPTA PK?*

!CSIRNationd GeophysichReseach Institute, Uppd Road Hyderaba 500007
?Orissa Mining Carporation OMC hous, Bhubanewar 750001
*CSIR- Institute of Minerals and Materiak Technolog, Bhubanewar - 751 013
‘Geobgicd Suvey of India, 40" cross Eshwar Nagar, Bangalae 560070
SCSIRNationd Physica Laboratay, Dr. K.S. Krishnan Marg, New Delhi 110012
"E-mail: msnarayanan@ngri.res.in

ABSTRACT

Cetified reference materials (CRMs) are importart for acquisition of consistent/comparadbtiata
ard for reliable methal validation. Any mineral exploration study involves acquring precise datase of
the element(yof interes in orde to understad ard deciphe mineralization modes (Satyanarayameet
al., 2008) Studies on the platinum group elemens (PGE) mineralization have been initiated currenty
in many regions of the county, out of which the BualaNuasaihCompkx in Orissa has created interest
amory several organiztions due to occurenc of relatively high modd concentatiors of platinum
growp minerak (PGMg (Balaram 2006) In orde to acquie accurate/preceswhole rock PGE data
sets the andytical protocd mandites use of matrix matching CRMs for PGE andysis byinductively
coupled plasmamass spectometry (ICP-MS) in combimtion with severd sepaation and
preconcentation techniques such as Ni-suffide fire asg, High Pressue Asha ard in combiretion with
various chromabgraphc techniques (Balaram 2008) Currenty thereareonly few PGE CRMsavailable
in globd market ard there is no PGE reference material from Indiatha would suite the matrix of PGE
mineralized rock types of our county. In order tofill thisgap two PGE referene materials representing
low grade (PGE < 0.5 ppm) ard high grade (PGE > 1.0 ppm) were proposel to be prepaed from méfic/
ultramdic rocks of BaulaNuasah Compkx.
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The BaulaNuasalh Compkx in southen pat of Singhbhum Archaea nucleus in easten India
exposes seaies of mafic/ultramdic suitesfrom whichthe Bangu gablyo (~3.1 Ga) body in the southen
pat of the compkx is significart for PGE mineralisation. Two types of PGE mineralisation has been
identified Typelisacontadtypefi mgmatico mineralization whichoccusbetween Bangu intrusion
ard its ultramdic host and Type 2 is resticted within the breccia matrix (within the gablyo body)
assoated with intene fhydrothermad alteration (Auge ard Lerouge, 2004 Mondal 2009) Bulk
sample (~ 300 Kg) were collected from an undegrourd chromite mine representiig both types of
mineralization for prepaing two CRMs representig magnatic and hydrotherma& mode of PGE
mineralization. Since Type 2 was producel by late-magmatic hydrothema remobilisation of Type 1
PGE mineralization, the former is corsidered to contan significanty highe concentation totd PGE
(high gradg than the latter (low grade) As part of the prepaation of thes two referene mateials, an
attemp is mack here to study the issues related to honogeniztion of bulk samples that would lead to
better characteization of the material, the detaik of which are presentd in this paper.

References

1.  AugéT, LerowgeC (2004) Miner Depositg 39: 583 607.
2 BalaramV (2008) JGed Scc India, 72: 661-677.

3. Balaranv (2006) JApp Geachem 8 (2A): 441-457

4. Mondd SK (2009) J Ged Sac India, 73:36 51.
5

Satyanaayana M, BalaramV, Roy P, Anjaiah KV, Singh SP (2008) Adv Geosc (Solid Earth),
20: 57-79.

GEOCHEMIST RY AND ORIGIN OF THE ARCHEAN ANORTHOSITE S FROM
KHAMMA M REGION, ANDHRA PRADESH
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ABSTRACT

Anorthositesarecoarsegrainad cumulatigneots monominerat rocksdominatel by plagioclase
megacryss of highly calcic compositian (An. ), occuring commorty in all Archean cratons in one
or more of thethree distind assoations as cumulate crystd segregatiors of anathite or as megaaysts
in basaltc dikes sills, ard as flowsin greenstor beltsthat vary in metamaephic grace from greenshist
to granulite facies Anorthosites consistirg predominanty of plagioclase feldspa have figured
prominenty in atleag two distind intervals of Earth history: the late-Archean ard mid-Proterozoic.
Archean anorthosits are characteized by a distinctive texture and composition consistiry of coase
equidimensioal, euhedal to subhedal, calcic plagioclag megacryss (up to 30 cm) sd in afiner
grained mafic matrix, and are thusdistinctly differert from Proterozoic massiftype anathositeswhich
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occu insialic orogenc belts and which hawe lathy to platy plagioclag of much more sodc composition.
The calcic composition of plagioclase thus distinguis the Archean anorthosite from ther Protenzoic
i ma eceunterpartsvhich contan sodcto intermediag plagioclag inthe andesindabradorie (~An.
«o) rarge. The origin of anathosite is a multi-facetel and multi-disciplina’y problem.

There are reported occurences of archean anathosite from different parts of Khammamn schist
bek (KSB) like Jannaran ard Tallada Anothe occurene of smal anathoste body was reported in
an arcuate shepe, nea Sripuram ~ 20 km souh weg of Wyra in Khamman district. Several workers
have discussd the significana of calcic anathosiie compkxes for the ewolution of Archean crust But
so far very little work has been carried out on Sripuram anorthosié to undestard ther geochemisty,
origin and any mineralization they may host In the presen work a combinel petrologica and
geochemichstudy has been carried out on thes anorthosites.

It may be stated that Sripuram anathosites typically shows (1) equan plagioclase megaaysts
(2) highly calcic compositiors (9.03% to 12.53% ard low Ng O (0.66% to 2.76% (3) amphiboé as
the dominan mafic mineral; (4) the presene of chromite, localy in ore-grace layers (5) low levels of
Sr, Rb and Ba ( Sr~182.59ppmRb > 1ppm ard Ba~80.8l ppm) (6) Ga/Al values typicd of basaltic
plagioclagand (8) moderatef fractionatel REE patterns{(~Ce/Yh) 4.99}. It can be statel tha mixing
of igneots plagioclag of variable An-contert with a mafic componenh having variable Mg/Fe, and
containirg hornblende might hawve given rise to thes anorthositesThe petologica ard geachemical
chaacteisticssugged aprimitive characte for theeanathositesin similarity with Archean anathostes
world over ard distinctly distinguis them from the Proterozoic massiftype anorthostiteslt appears
that, the only propety Archean anathosites and Proterozoic anathosites shae, is ther plagioclase
rich nature suggestig tha there mud be more than one proces (ard probaby multiple processésand
differert mixing modek contrbuted in producirg thes anorthosites.

PETROGENESIS OF MAFI C FLOWSAND DYKE S OF REWA, EASTERN
DECCAN VOLCANI C PROVINCE : EVIDENCE FROM PGE AND RADIOGENIC
ISOTOPIC ABUNDANCES

TRISHA LAL A, AK CHAUDHARY?AND D K PAUL*

‘Depatmert of Geobgy, Presiderty University, Kolkata 700073
?Institute Instrumentatio Cente, Indian Institute of Technology, Roorkee 247667

ABSTRACT

Thedistribution of Platinum Group of Elemens (PGE) ard radiogent isotopt abundancs of Sr
ard Nd hawe been studied for a suite of flows ard mafic dykes of the Rewa region in the Easten
Deccan Volcant Province.

Gecachemicd affinity of PGE

The prominen siderophilc and chalcophilc tendenags of the PGE are widely recognized.
Sideophilic characteistics of PGE are exemplified by high concentratioa (ppm levels) in iron
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meteoritesthe high proportion of PGE carried by iron-nickel metd in chondites ard the strorg patition
of PGE in the metd pha in suffide-bearirg iron meteaites Chalcophié daacteistics are manfest
in the comman occurene of high (ppm-level) PGE concentatiors in assoation with Ni - Cu suffide
in mafic and ultramdic rocks ard the occurence of many sulfide minerals of the PGE It isin silicate
systens that the geochemica affinities of the PGE are poarly undestoad. Such systens are important,
however, in modelirg PGE ore formation.

High PGE contens are commorty assoaited with chromite and there is aprogressve deagease
in average PGE contert of sulfur-poa silicate rocks from ultrabase, through bast to intermedete-
acd compositios (Crocket, 1979) Thes trends do not necessaly hold if silicate magnma becomes
saturated with respetto sulfur. PGE daia on bast rocks are resricted largely to Pd ard Ir. Fractional
crystallization of bast magna leads to concentation of Ir, Ruard Osin early crystallizing fractions.

In asuite of twenty two sample from the Rewa region, levels of Pt, Pd, Rh, ard Au were aove
the detectio limits. Palladium values rarge from 2.35 to 31.8 ppb, Pt values rarge from 1.9 to 37.3
ppb, ard Rhvaluesrargefrom 0.11 to 1.73 ppb . The Au values of the samplasramgefrom 1.11 to 27.7

ppb.

Keays ad Lightfoot (2009 corcluded that sulphu saturation is an essentirequiremen for
PGE ore formation Sone formations of the Deccan Province from the westen part indicate evidence
of significart crustd contamiration. Despit this, the mog crustally contamirated Buste ard Poladpur
lavas do nat contan critical S saturation ard hen@the potentia for ore formation isconsiderd unsuigble
( cf. Keays ard Lightfoot, 2009).

Radiogenic isotope abundance:

In the Deccan basalts the initial 8Sr/®Sr ratios of the tholeiites at Mahabaleswar vary from
0.7034 to 0.71972 Significantly a large numbe of analyse tholeiites have initial 8Sr/®Sr ratios
betwea 0.704€ ard 0.7080.

There is no dear-cut distinction in the 8Sr/%Sr ratios in the differert formatiors of Rewa from
Mandla (basa) through Dhunma Fm, Pipadah Fm to the uppemog Linga Formation except that the
uppemod Linga sample hawe radiogent Sr. The measurd 8Sr/®Sr ratios of the mafic dykes rarge
from 0.7046@ to 0.71447 Assumirg the emplacemeinage of 65 Ma, (¥Sr/%Sr)i values vary from
0.70465 to 0.714403 Measurd **Nd/**Nd in all the sample vary from 0.51167 to 0.512871The
samples can be grouped intwo groups one having anearly constatNd isotopt abundane but variable
Sr isotopt composition and the othe having nearly constah®Sy%Sr a 0.706 but lower **Nd/*“Nd
values.

We explain the obseved variable isotopt composition of Sr and ND of the Rewa dyke samples
by binary mixing betveen an Ambenalitype magma and a lithospheic erd membe with erriched
87SrFSr (~0.716 but almog constain **Nd/**Nd arourd 0.5127.
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PLATINUM GROUP ELEMENT SAND OTHER TOXIC ELEMENTS
DISTRIBUTIO N AND CONCENTRATIONSIN THE ENVIRONMENT WIT H AN
EMPHASI S ON RESPIRABLE SUSPENDBD PARTICUL ATE MATTER (RSPM)

DATA OF THE HYDERABAD CITY AND ADJOININ G INDUSTRIA L AREAS

C.T.KAMALA * AND V.BALARAM

Nationd GeophysichReseach Institute, Hyderabad500 007
e-mail: ct.kamala@gmail.com

ABSTRACT

Concentratios of the platinum groyp element (PGE especial platinum (Pt), palladium (Pd)
ard rhodium (Rh) in the environmen have been on the rise, largdy due to the use of automobile
catalytic converterswhichempby these metak as exhaus catdysts So far it hasgenerdly beenassumed
thatthe healh risks assodited with environmentdexposuesto PGE are minimal Morerecen studies
on PCE toxicity, environmentébioavailability and concentatiorsin biologically relevart medaindicate
however that environmentd exposues to these metals may indeal pose ahealh risk, especidly at a
chronic, sukzlinical level (Kamak ard Balaram in press).

Theandysis of Pt, Pd ard Rh in urban airborne particulate matter is challerging, since thes new
pollutant are expecta to increa in the environmen in propartion to the increa® in the rumbe of
casfitted with catdytic converters (Ramavathi et al., 2010) Thes elemens patially leave the surface
of the catalyst during its life as a esut of poarly known processesncluding theema and mechanical
alrasim of the catalyst and are spreadirg and bioaccumulating in the environment Platinum has been
the mod widely studied PGE becaus it wasthe main acive componehonthe ealy catalysts Relevant
factas in the toxicity of Pt compouna are; therr physicchemicd propeties dos ard route of
administationy ard, althoud it is highly variable, the relationshp between exposues ard conter in
blood, serun or urine. Health symptons such as respratay sensitvity, the concentation in bodiy
fluids ard othe healh problems increa® as exposue increass (Lindell, 1997).

Inthis pape an attemp has been made to provide dataon the environmentdistribution patterns
of PGE ard othe toxic elemens in the environmentasample with aspecid emphass on the RSPM
sample in the Hyderabal city. The sites selecté were eithe residentid (with low traffic density),
industial or sensitve (high traffic intensity) Thetoxicity statusof certan sitesdueto industrid pollution
was ealier repated by Chanda Sekha et al., (2003 2006) A methodolog using cation excharge
resnisalso developad for the interference free estimation of PGE by ICP-M Sin selectd environmental
sample of Hyderabal city.
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ABSTRACT

Geneally many of the plants which grow in mineralized area are known to accunulate metals,
relatively in exces propation than in nonmineralized areas Plansthat hype accumulate metat have
great potentid for application in remedation of metat in the environmern. This approach isemeging
as an innovative tool with greate potertial for acheving sustainaleg developmen and also to
decontamiate metd polluted air, soil, wate ard for othe environmentarestaation applications Metall
hypeaccunulating plants & useful in phytoremedion, and play a vitarole in biocgeachemicad
prospectig, ard have implications on human healh through food chain The composition of plant
tissues reflect the compositiaon of the soi in which the plart grows. This interrelationshp however, is
modified in many plants by toleran@ mechanisms Thus plants are able to accumulate mog chemical
elementsand many specie are sensitve indicators of the chemicad environmern in which they grow,
ard alo the elementaconten in individud plants of the sane species may be divergent.

Thepresenstudy focusesonthe metd concentation indifferent plart specisard ther substréaum
in the Byrapu chromite mining area of Hassa District, Karnatala which comes unde Nuggihalli
Schist belt. Plart orgars of differert specie and ther correspondig substate sample were collecte.
Root, stem ard leaves of Chromolaeta odarata, Sopuba delphiniifolia, Tephroisa purpurea, Pavetta
indica, Prosops juliflora and ther soi sample were andyzed for mineral elemens viz., Ba, Sr, Mn,
B, Cu, Zn, Pb, Ni, Co, Cr, Mo, Cd, Sn, Zr, ard As; ard the biologicd absaption co-efficient (BAC)
was calcubted The resuls show the presene and/a absene of certain elemens in plants ard soils,
which can be explainad on the bass of biogeachemicad cycling of elementsexclusion mechanisms,
ard bioavailability. The roots of P. indica show the unusualy high concentation of 413 ppm of Zn.
Similarly, the leaves of T. purpurea show unusualy high concentratio of 75 ppm of Co ard thes plant
specis may be consideed as accunulator plants The biologicd absaption codficient (BAC) isused
to characteizethe absaption of chemica elemens by plants fromther substate. The BAC istheratio
of the concentation of an elemen in plart ash to that of its substrate The BAC values for the roots of
P.indicafor Pb (BAC 7.66) ard leafs of C. odarata for B (BAC 2.68 are found to be significantly high.
Baseal on the biologicd absaption codficient (BAC) Rindica for Pb ard C. odarata for B may be
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consideed as accunulatar plants Such plart species may be usefd in reclamation ard revegetation of
adversdy affected mining environments and further thes investigatiors are also usefd in
biogeachemica orientation surveys. Further, this study has given greater scope on the plantsoil
relationshp in the mining area ard ther significane in environmenta studies.

GEOCHEMICA L STUDIESON THE LATE ARCHEAN BLACK SHALES OF
CHITRADURG A SCHIST BELT, DHARWAR CRATON, INDIA : IMPLIC ATIONS
FOR THE PROVENANCE AND METALLOGENY

SARIPUT SAWANT, V.BALARAM , D.V.SUBBA RAO, M.SATYANARAYANAN AND K.V. ANJAIAH

Nationd GeophysichReseark Institute (CSIR), Hyderabaeb00 007
Emal : saripoot@gmail.com

ABSTRACT

Chitraduga Schist Belt (CSB) which extends in aNS direction for abou 450 km, is one of the
well-known Late Archean tectonc sectiors and black shales in assodition with quatzite, compgises
greywadke-phyllite, conglomeate metavolcanc, bandel iron formation and chert. Until recently
majority of the work caried out on the® Late Archean volcanosedimegiry sequencein CSB has
been focusel on the geobgical, geachemica ard tectonc ewlution of chenogenic BIF&, chet and
clastt rocks of greywacke-phyllite. However, the Hack shak assoaited with metavolcanc and meta
sedimentey rocks of CSB hawve receved less attention in recert yeas. The black shales also are found
to hog gold ard bae metd mineralization. In view of ther geolbgical geachemica arnd economic
importance, an attemy is mace in the presemn work to undestard ther geness and environmens of
deposition of thee shales Mineralogically quarz ard clinochlore dominae the clastc sediments
ard minor phass include nusmvite, albite and microcline along with carborates sud as cakite and
dolomite. Opaque are representd by goethite, marcasite and suffides mosty by pyrite ard +
arsenopyrie. Presene of marcasie indicates the shalbw marine environmen and ther deposition
unde reducirg conditions The black shalesfrom CSB have Chemicéa Index of Alteration (CIA) values
rarging from 60 to 80 ard average Chemica Index of Weathering (CIW) of 77, which sugged intense
chemica weathering of the source. REE patterrs are identicd to those of the basaltc souice. The
chondite-normdized REE patterns of the clay-rich sedimens show LREE depletion ard positve to
negatve Eu anomalies and flatto erriched heavy REE High Lg /Yb,, ratios averaging 4.9, and Gd/
Yb, ratioslower than 2.0 are obseved inthe® sedimerg indicating tha the sedimers have fractionated
LREE patterns (average Ce /Sm, = 2.04) with feeble negaive Eu anomalies (average Eu/Eu * = 0.88)
and flat HREEs (average Gd /Yb, = 1.13) The Th, La, Sc ard Sc, Th, Zr/10 concentatiors suggest
ther derivation from Active ContinentdMargin (ACM) / island arc setting Thes Shales are erriched
in the TiO, MgO ard FeO concentatiors as compaed to UCC which indicate ther derivation from
high mafic souwce with minor felsic rocks which acteal as provenane for thes unusuad late Archean
metasedimetin Dharwa Craton.
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URANIUM EXPLORATION IN INDIA , PRESENT STATUS & FUTURE
STRATEGIES
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Hyderabad
premmaithani@gmail.com

ABSTRACT

Exploration for Uranium in India dates back to 1949 where suveys to locate gomic minerals
were initiated in the well establishd Coppe Thrug Belt(CTB) of Singhbhumin the preseh day
Jhakhard stae. Basel onthe limited undestandirg on uranium geology, thethrug zonesof Singhbhum
whichwere populaly known for hostirg Coppe mineralization were targeted presumig sympethetic
relation betveen Coppe ard Uranium Subsequenexploration in differert phass in the Singhbhum
Shea Zonre (SSZ) resultal in identifying anumbe of uranium deposis all alorg the shea zore from
Bagjata-Kanyaluka in the Soutleas to Lotapaha in the northwest Asthe geologicd and geachemical
undestandig of uranium mineralizing events was evolved with time, concep basel exploratory
efforts in potentid geobgicad domairs resultal in identifying a rumbe of potentid ard promising
uranium provinces in the county. The potentid uranium provinces include the Singhbhun Shea Zone
(SSz) Dharwa Craton the Lesse Himalayan Belt, Dongagarhs Aravallis, Siwalik bet ard the
Mahadé basin Initial efforts in uranium exploration were to look for uranium mineralization hosted
in Quatz Pebble Conglomeratg QPC) of the PalaeoProterozoic Basins,Sandstondype in the
Phaneozoic Basins ard hydrotherma vein type mosty in the basemenrocks of the shield areas.
The® surveys pai richdividerd in the form of  identifying QPC type mineralization in the Dharwars
in Southen India, Dhanjors in Easten India ard the bas of Iron ore Grow in the Centrd Indian
Craton classica hydrothemd vein type of mineralization in Sighbhum Shea Zone Parts of Cental
Indian Craton Lesse Himalayas southen parts of Cuddapa Basin apat from Sandstoa hosted
mineralization in the MahadeksGondvana ard Siwaliks .

Discovery of large tonrege-high grade Lower-Middle Proterozoic uncorformity depositsin parts
of Canac and Australia, brough in a paradigm shift in the exploration strategy in India. With the
objecive of identifying similar deposits the Proterozoic basirs of India viz., Cuddappah , North
Delhi Fold Belt, Bhima, Kaladgi-Badami, Chattisgarh Indravati, Bijawar ard Vindhyan Basirs were
targetal for locating high gracde, large tonnag uncorformity type uranium deposits due to their
geobgicd fawourability in hostirg such type of uranium mineralization. Our conceted efforts yielded
resulswhenin 1991, unconfamity associateé uranium mineralistion wasfirst discovered in Lambapu-
PeddagattuChitrial areasinthe SrisailamPalnad Subbasis of the Cuddapah Basin Subsequerdetailed
explorationinthe Srisailam Palnad sub bashshasresultal in esgblishing economicdy viable uranium
deposits in Lambapur-Peddagattu and Chitrial areas which contributes substantidy to our existing
uranium resouces Encouagel by the discovery in the Cuddapah Basin AMD intensfied surveys
targeting othea potentid Proterozoé Basins which resultal in establishiig significant uranium
mineralization in Gog in the Bhima Bash and Deshnu in the Kaladg Basin which are currently
undeg actve exploration Vempalk Dolostore hostal Uranium mineralization in Tummabhbpalle-
Rachakungpalle in Kadapa district; Andhra Prade# is a unique depost of its kind, whichisthe major
contributor to the uraniumresouce baseof the countr. This straabound uranium mineraliztion
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extendirg from Reddipalle in the north to Maddimadug in the souh all alorg the westen parts of
Cuddappéeh Basi has a huge potentia) which is currently being explored by AMD. India has potential
to hog Iron Oxide Brecca (IOB) type uranium deposits The Dhala Structuewith apresemday apparent
diamete of 11 km, located in the northwesten part of the Archean Bunelkhanl Craton which appears
to betheeroded remnam of animpad structure, isexplored for hostirg I0OB type uranium mineralization.

The importane of Geophysichsuiveys, both airbarne and grourd geophysis in identifying
thes type of deposits has sine been realzed, AMD has embaked upon massve Time Domain
Electronagnetic suveys (TDEM) to explore favourable geolbgical teritories. Having covered all
accesdlleareas with surfae outaops by radiometic surveys, it has becone necessgy to explorethe
despe patsby indired exploration tools viz. geochemicbard geophysicbtechniquesAMD iscurrenty
engagd in integrated surveys with due inputs from geolbgical, geophysichand geocchemicd domains
to identify newer area ard bring them unde the purview of detailed exploration With the stak of the
art hydrostatc drillin g rigs it is plannel to explore prospecive Proterozoic Basirs extensvely for the
next 10 yeas period to asses ther geolbgica potentid to hog high gradéd large tonnege uranium
deposits Exploration for uranium over the pag six decads has resultel in identifying eleven major
uranium deposisdistributed in varied geologicd environsall over the county. Apart from conventional
uranium mineraliztion, non-conventiond resouces like phosphoite, black shak etc. have immense
potential Even thoudh ther uranium gradeswil | be of lower order, ther uranium contern will be huge
due totheir extensve ske. In aldition to intensifying wanium exploration in potentiageological
domains AMD also plars to tap the nonconventiona resouces which will add substantidy to the
resoure base.

RARE METAL AND RARE EARTH MINERALIZ ATION IN DIFFERENT
GEOLOGICA L ENVIRONS OF INDIA

PV. RAMESH BABU

Atomic Minerals Directorat for Exploration and ResearchHyderabaeb00 016
pvramesh1951@yahoo.co.in

ABSTRACT

Rapd industialization and urbaniztion worldwide has necessited seach for new materials
ard technolbgy that are helpfu to man and atthe same time that are environmert friendy. Advancesin
sciene ard moden technology in twentiet centuy, especidly in the fields of spae, ruclear enagy,
elecronics computers telecommunicationsinformation technobgy, superconductigp materials,
permanemh magnets rechargeable hydride batteries ard supe alloy stee$ have brough a hog of rare
metd and rareeath elemensto limelight. The RareMetals (RM) include lithium, beryllium, zirconium,
niobium tantalum uranium ard thorium Rare Eartls (RE) are cohereh groy of elemens from La
(Z=57) toLu(Z=71) alorgwithY (Z=39) ard Sc (Z=21) having similar chemicard physica propeties.
Sorre of thee metab hawe gainal strategic statis due to politico-economt reasons Ther strategic
nature ard gradud depletion of high grade resouces hawe led to sustaind efforts to harnes lower
grack resources.

RM ard RE are more widespea in the eath& crug than the elemens commory known in our
daiy life. Morethan 200 minerak of RM ard RE are distributed in a wide variety of mineral classes.
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They occu as axides carborates phosplates halides ard silicates Souces of RM and RE include
granite pegmatitesvolcanc tuffs, granitesalkaline-ultraméic and carbonatie compkxes wide variety
of places, Fe-carborate rocks ard brines Major econome deposits are mainly corfined to pegnetites,
granites carbonatite ard ther places in Precambria and Phanerozaiterrains Prominen resources
have been identified in Ching Brazil, CanadaNigeria, Westen Australia, Zaire, USA, USSR Argentina
ard Souh Africa. In IndiaRM ard RE are assoaited with pegmetite belts in Bihar, RajasthanAndhra
Pradesh Karnataka and Chhettisgarh yourger granites of Andhra Pradeb arnd Gujarat, carboratites
of Tamil Naduy Meghalaya and Assan ard beach places of eas and wed coasts.

Granite pegmatites constitue well defined pegmatite belts groups and duste's in Precamivian
metasedimenty and metabast terrains in differert parts of the Indian Shiet. The major pegmetite
belts of Bihar, Rajastha ard Nellore in Andhra Prade$ are assoaited with commecial mica and
subadinate rare metd mineralization. Among the pegmetites the rare elemem class of pegmetites,
containextensve and dversified minegalization of RM and RE. The pgmatites of thisclass are
geneticdly divided into three petrogenett families of LCT, NYF ard mixed types Typicd RM and
RE pegmetites with Li, Be, Nb, Ta, Sn Y, Th, U and REE minerals without commecial mica occu in
Basta-Malkargiri Pegmetite Belt (BMPB) in Chhattisgan ard Orissg Holenasipur and Nagamangala
schist belts of southen Karnataka ard pegmetites of Jhasugudh district in northern Orissa Lepidolite,
amblygonite spodumengberyl, columbitetantalite ixiolite, samarski¢ and monazie are the major
RM ard RE minerals in the® pegmetites The pegmetites of BMPB ard Karnataka with Li, Be, Ta >
Nb ard Sn mineralization belorg to LCT family and thoe of northem Orissawith Be,Nb > Ta,Y and
REE mineralization belorg to NYF family.

Themajor typesof graniterelated RM ard RE deposisincludethosinwhichrare metd minerals
form as an integrd part of the crystallization histary, generaly within the more ewlved facies of the
granite ard those in which pervasve hydrothema alteration accompanid mineralization. Peralkaline
to peraluminots A-type granites of Kanigiri, in the alkaline compkx of Prakasan district, Andhra
Prade# along the easten margin of Cuddapah basn have been fourd to be erriched in Nb, Ta, Sn U,
F, Th ard Rb. Discrete columbite, samaskite and monazie occu in this granite alorg with ilmenite,
magnetite, zircon garnet rutile etc The age of the granites has been estimated to be 995+ 20 Ma by
Rb-Sr data of biotite. The yourger granites of Idar and Umedpu in Gujarat also contan appreciable
concentation of raremetas- Nb (71-226ppm)Y (72-166ppn) ard the soils fromthes granitescontain
upto 12.79%6 Nb,O,and 3.1®6 Ta, O, with discree minerals of columbitetantalite, xenotime zircon,
rutile and sphene.

In India, mog of the carbonatits occu eithe in Precambria Shiel area or are associaté with
Deccan Trap activity of Tertiary age. Carboratites are known from Ambadonga Newanig Sevathur,
Samalptti, Surg valley ard Santhampi Carboratites of Surg valley in Meghalay, Sevathur in Tamil
Nadu ard Santhamp in Assan are associatd with appreciable quantities of Nb and REE with
pyrochlore, fergusonit, xenotime allanite ard zircon.

The bead sard places occurrirg alorg the easten ard westen seaboat of India constitue an
important souce of REE (monazite)along with other heavy minerals like ilmenite, rutile, zircon
garnet and sillimang. Inland places located in pas of Chhotaegpur granite plateau in Rahi
district, Jhakhard ard Purulia district, Wed Benga are also fourd to contan rich concentation of
heavy minerals including monazie. Riverine placesin Jashpu ard Suguja districts in Chhattisgarh
and Gumlaand Garhwadistricts in Jhakhand containapprecable Y and REE with xenotimeand
monazite.
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ABSTRACT

Atomic Minerals Directarate has estblished uranium mineralization in Koppunuru area lying to
the westen part of Palnad Sub basin The granitic rocks with high intrinsic uranium conten (27.88
ppm N=968) formsthe basemetfor Bangampalli ard Narji Formations of Kurnod Group. Basement
granites are pota$ rich, low calcic ard peraluminots in natue. Geachemicaly, the granites (N=19)
are characteized by high Al.O, (13.3124.23%) ard modeate SiO, (62.0974.01% & FeO (1.4%
4.11%) Low MgO (0.031.63% & CaD (0.11-1.84% ard very low MnO (0.01-0.04%) content They
are mainly low sodc with Na,O/K, O ratio varying from 0.09 0.9 (Av.0.63 N=14). A few samples
show high sodt nature with Na,0/K O ratio varying from 1.00- 1.68 (Av.1.26 N=5). Compositional,
they are granitic to granodiaitic in nature ard are peraluminows with A/CNK ratio >1.1 Granites are
mainy A-Type ard characteaized by high U/Th ratio (0.0524.5Q Av.= 4.41).Uanium conten varies
from <5 to 59 ppm with aawerage 32 ppm (n=16)eXcluding the mineralized samples) whas
thorium conten varies from <5 to 140ppn in the study area.

Petrographicayl thes granites are essetially composd of quatz, orthoclasemicrocling perthite,
ard plagiocla%. Biotite ard zircon are presei as accessor minerals Besides minor ore mineras like
pyrite, chalcopyrie, galena goethite and leucoxere are also obseved Mineral alteratiors are
chaacteized by asserblage of seicite, musmvite and chlorite. Biotite is often squeeed alorg the
intergranular spaceshighly bleached ard altered to mus@vite. Primary uranium minerals pitchblende
ard coffinite are fourd to occu as stringers ard veins Besides variable concentatiors of uranium are
assoaited with biotite ard hydrated iron oxide alorg the basemetifractues Thes favorability features
ard high intrinsic conten of uranium in the basemengranite make it a potentid souce for uranium
mineralization in the overlying Kurnod sedimers in Koppuuru area.
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ABSTRACT

In the northern part of Cuddapah basin Meso to Neopoterozoic sedimens are deposited in two
subbasirs i.e., Srisailam ard Palnad, over Neoachaea to Palaeopoterozoic basemengranite and
gneisse with younge felsic ard mafic intrusves The Srisailam sulbbasn exposes predominanty
low dipping (2°-11°) arenaceossequene whereas the Palnad subbbasn isrepresentd by arenaceous
argillaceou$ calcaeouscycle. Thesdithounits are affectedby a numberof lineaments faults and
fracturessignifying reactvationinthearea Margind patsof thee subbasirs have indicated significant
uncorformity proxima uranium mineralisation at Lambapuri Peddagattu Chitrial (dominanty granite
hosted ard Koppunuui Dwarkapurii Chena Colony (dominanty sedimehhosted areas Similarly,
granite hostal lean uranium mineralisationisalso reported from Rallavagu Tanda Sajjgpuri Virlapalem
areain the northeasten pat of the Palnad subbasin The margind parts of Srisailam and Palnad sub
basirs exhibit low thickness (upto 139n) of sedimencover as compaed to the classica uncorformity
type uranium deposis reported elsewhere inthe world.  In view of this, the degper pats of thes sub
basins were subjecté to stratigrapht core drilling to ascertan unconformiy depth lithostratigraphic
ard lithostructurd detaik and to assesthe potentiality of uranium mineralisation.

Kottapullaeddipuram and Achchamnagunta secta exposes subhorizontal beds of Srisailam
quatzites showing eastely dips close to faulted conta¢ with Palnad sedimens whereas westely and
southwestely gentle dips are obseved in othe pats. Subsurfae borehok lithologs hawe indicated a
thick successio of quartzie with shalé siltstore intercalatiors in the deepe pat of the subbasins.
The uncorformity depth varies from 344.80m to 419.40n in Kottapullareddipuram and 254.35n to
394.45n in Achchammagunta sectas. It isalso appaen to note thatthe sedimemthicknes increases
due souh ard southeatsof the Srisailam bash in this part Srisailan Formation is predominantly
representd by gey to brownish grey quatzites and shalesiltstore intercaktions followed by purple
siltstoné grey to greenid shak intercalations Thes sedimers are deposité over basemengranitoids
with méfic intrusves Both, granitoids ard sedimentsare affected by signfficart fracturing with the
dominanceof WNWiI ESE and NNEi SSW fractues. Besides,synsedimenty deformation is also
comma in Srisailam sediments Infiltration of iron oxide solution throuch weake plains is quite
apparent.

Rachchamalkpadu area which is located in the southery upthrown block of Kandlaguna fault
in Palnad subbasin exposes thick sequene (117.15n to 173.25m of Palnad sedimens (Narji and
Bangampalle Formations), which are underlan by 113.85n to 181.05n thick sequene of quatzite
and siltstoneshat intercaktions belorging to Srisailam Formation Thes are deposited over basement
granitoids Three boreholes have intercepted uncorformity at 231m 354.30n ard 348.60n alorg Ei
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W sectian line. Thinning of sedimentey colunm in the area E of Rachchamalkpadu is probably due to
the presene of NNEi SSN trendirg fault. Thisis further substantted by the presene of breccéation,
ferrugination ard silicification with minor slippages/displacemerof beds as evidencel in borehole
cores Palnad sedimens are predominanty representd by Bangam@palle Formation, however, Narji
limestore capping is obseved in one borehoé. Bangampalle sedimers are constitutel of quatzites,
shalé siltstore intercalatiors ard quartzitdé shak intercalatiols with gritty quartzie at basa part.
However it is conspicuog to note tha basa gritty horizon is missirg in easten section.

Radiometrt examination hasindicated presene of lean mineralisation rarging from0.010%&) O,
x 0.20mto 1.70m and 0.016%&J,0, x 0.70m in granitod in differert borehoé sectiors while shale
hostel lean mineralisation (0.023% eU,0, x 1.10n) is recordel only in one borehoé sectia in
Radchamalepads area The lean uranium mineralistion is prokebly due to the absene of basal
gritty horizors (Banganapa#l Formation) ard less fractured ard alterel natue of basemengranitads
as compaed to Koppunuiu area.

GEOLOGICA L AND GEOCHEMICA L STUDIESALON G ZONE OF
ALBITIS ATION FROM ROHIL TO RAMBASIN KHETR | SUB BASIN OF NORTH
DELH| FOLD BELT, INDIA

M.K. KHANDE LWAL?, B.K. TRIPATHIY SKK. SHARMA?, C.L. BHAIRA M*
AND K. UMAMAHES WAR?

Atomic Minerals Directorat for Exploration and Research,
' Weg Block VII, R.K. Puam New Delhi-110066
21-10-153/156 AMD Complkex, Begumpet Hyderabad i 500 629

ABSTRACT

Delhi Supegroup rocks of Mesoprotenzoic age exterd over 700 km in strike from Delhi in the
north to Palanpu in the sout ard unconfomably red over Archaea basemen(BGC) ard show evidence
of poly phag deformation ard varied degree of metamaphism Thes volcanasedimentey rocks are
further divided into North Delhi Fold Belt (NDFB) ard Sout Delhi Fold Belt (SDFB). The NDFB
extends from Delhi to Ajmer ard comprise three sub basins Of thes, the westen mod basin i.e.
Khetri sub basn is characteized by NNE-SSN trendirg prominen zone of albitisation over 170 km
strike length ard 6-10 km in width. Rocks are modeatdy to intensdy altered along this zore and
recaded numerots radioactvity anomalies in both albitised and nontalbitised metasediments.
Subsurfae exploration in Rohi area has proved abou 5000 tonnes of uranum depost of 0.08% U,O,
over astrike length of 700 m at the sheard contac of quatzite ard quariz biotite schist Uraninite with
minor branneite ard coffinite are the main uranium minerals Felsic componers have been identified
in metasedimentfrom Udaipurwati,Dhanota areawhich is caoboratedby high baium content.
Agpaitic codficient of thes rocks indicates posiive correlation with uranium In Rohi area light
REE ard heavy REE show flat trerd with prominent negative Eu anomay.

Rocks have undegore regiond metasoretic alteratiors as evidencel by the presene of high
socaand depletel potassium Signatue of Ca metasomatis has also been recordel in addition to Na
metasoretism in cal silicate rocks. Al,O, Zr, Nb, Y remainel immobile during metasoretism of the
rockstha proceedd from an initial stage of chloritisation and albitisation mainly by addition of MgO,
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FeO, and Na,0. Thoudh uranium mineralization mosty occuis with albitite zore, there is no direct
correlation of soda contert ard uranium mineralization. In Raghunathgarhuranium mineralization
occus in sheard quartzie with no signatue of albitisation.

Uranium mineralization is pod metasomatis ard occus within shea zones Mineralisation is
assoaited with wall rock alteration due to ore fluid interactiors which were geneated during thermd
imprint of pod orogenc magmatisn (850 Ma) and cause mobility of uranium alorg with sulphide
mineralization. It is obseved that inteng pervasve hydrothemd alteratiors are well developel in
Rohi and nearly area where inten fracturing and shearimg has permitted mineralizirg fluidsto pass
ard form ore. In RambasGorir-Dharcholi areas cak silicates rocks predomirate and intensity of
sheaing ard fractuing is lesse compaed to Rohi area Pod metasoretic quatzofelspthic veins/
pegnatoids intruded in to Delhi metasedimetare thoriferrous with low uranium content which is
distind from uranium mineralizel zones within Delhi metasediments.

MINERALOG ICAL CHARACTERIZATION OF MIN E SAMPLE OF GOGI
URANIUM DEPOSIT, KAR NATAKA , INDIA

ASOORI LATHA , A K.SHARMA , SOHAIL FAHM | AND K.SHIV KUMAR.

Atomic Minerals Directaate for Explaration & Reseach,
1-10-153/156 AMD Compkx, Begumpet Hyderabaeb00 629
Email:asoori.latha@yahoo.com

ABSTRACT

The ultimate aim of mineral processig opeation is effective separation of the valuable ore from
the gangwe with minimum loss A thorough undestandirg of minerabgica chaacteistics of the ore
depost isessentibto develop and empby amaintainabe, efficient ard relatively lessexpensverevery.
The processig ard extraction route for uranium ore is largdy influencel by the nature ard amoun of
constitueh minerals, ther assoctions, intergrowths grain size etc. This study was intendel to
chaacterize the mine sampé ard provide relevant background information on mineralogical
compositionnatue of radioacive minerals assoated sulphides ard liberation chaacteistics of uranium
minerals by which the processig of the ore could be effectively achieved.

The Gogi uranium dposit occurs in the southe magin of the Bhima Basin in Kasetaka.
Mineralization is hostal by both basemengranites ard overlying Shahabad limestonesAn integrated
appoach consistig petrograply, sizing, densiy fractioration of the sized ore followed by quantigtive
mineralogicd estination by conventiond microscopt grain countirg of the polishal grain mouns has
been caried out for the estimation of constitueth minerals ard liberation of uranium values in the
sample.

The mineralogicd composition of the sampé indicates radioactve ore minerals (0.886%) non
radioacive ore minerals (6.58%) and gangwe minerals (92.539%) The radibacive ore minerat are
coffinite, the predominan uranium phase followed by pitchblende, uranc-organc compkx ard some
labile uranium that occus in assoation with hydrous iron oxides clay segregatiors with carborate
mud. Among non radioactve ore minerals sulphides are predominai over oxides Pyrite is by far the
mod abundan mineral followed by chalcopyite ard galenaOxides are representd mainly by goethite
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with traces of magnetite and hematie. Calcite (61.57%) ard quartz<hert (13.10% are major gangue
minerak associatd with subordina¢ amouns of feldspa (1.59%) biotite + chlorite +clay (5.89%).
Dolomite, hornblende epidote zircon ard barite form the minor componehof the gangee. Thus the

gange minerabgy corroborate major percentage of limestore componehin the ore compare to

granitic component.

Theuraniumvaluesare highin coarsefractionsAround 60-70% of uranium valuesareassoaited
with Methylere lodide Heavies where disaete phass are predominantAround 5% is accoured by
dispe'sed uranium with carbonacecamatte, goethie ard clay segregatiorsin associatia with carbonge
mud which are comma in Bromo Lights. Both discree phase and dispersd uranium are noticed in
Methylere lodide Lights that contribute to arourd 30% of uranium values.

Thus the mineralogicd characteization of the ore suggess an alkali leaching route to process
the ore as the gangue minerabgy contairs major limestore componehard optimd crushirg of +100#
for liberation of uranium as coarse fractiors contan more uranium.

PRELIMI NARY STUDIES ON GEOCHRONOLOGY AND GEOCHEMIST RY OF
URANIFE ROUS GRANITE SFROM CHITRIA L AREA, NALGON DA DISTRICT,
ANDHRA PRADESH

K.ASHA, G. NAGENDRA BABU, V.MADAKKA RUPPAN, B. K. PANDEY AND K.SHIVKUMAR

Atomic Minerds Directorat for Exploration and Research
1-10-153/156 AMD Compkx, Begumpet Hyderabad500 629

ABSTRACT

The crescentshaped Cuddapah basin covering an area of 44,5@ Sg km is the secoml largest
amory the Puara basirs in Peninsula India ard has been consideed highly promising for exploring
unconfamity-related uranium mineraliztion. TheAtomic Minerak Directarate (AMD) for Exploration
ard Reseech had initiated reconnaissarcradiometic survey in the Cuddapah basn ard significant
radioaciveanomaliesdueto uraniumwerelocated in the basemeigranitod closeto the nonconfarmity
conta¢ with the Middle to Uppe Proterozoic cover rocks of the Srisailam Formation, arourd Chitrial
village Nalgonda District, Andhra Prade# [1]. The Chitrial outlier of Srisailam Formation covering
60 Sq Kms restsunconfomably over the basemengranitoids. Theradiometic agesof basement
granitoics unde the Cuddapéh basn obtainal from othe partsrange from2.4 - 2.5 Ga.

In the presen study, eight borehok core samples both radioacive and nonradioacive, from
basemengranitic rocks drilled through Chitrial outlier were taken up for geachemica analyss using
WDXRFS ard geochronobgicd studies using TIMS. The® granites have andyzed very high SiO,
(68.68-75.83 %), high K,O (4.39-9.11%) low Na,0 (0.353.88% with K,O > Na,0 and K,0/Na,0
(1.506.69) low Ca0 (0.04-0.24 %). Thes hawe also andyzed high Rb (217-376 ppm), low Sr (17-135
ppm with Rb > Sr, Y (16-58 ppm), Ce (25238 ppm), Zr (118-318 ppm) ard Ba (376:925 ppm).
Geachemicaly, thes granites are compaable with the average Proterozoic Granites except ther very
low Ca0 (0.040.24 %) content In R1-R2 plot, all the sample plot in the ganite ard alkal granite
field. In genera) the sampls are low calcic, high potasst ard peraluminots in nature. They vary from
normd granite to differenteted granite in the Rb-Ba-Sr triangula variation diagram Thes samples

59



areanomalos in uranium ard the radioacive horizon andyzed up to 523 ppm with low Th, indicating
presene of uranium phasesThe average lower crus normalized plot shows errichmert of U, Rb, Ce,
Zr ardY ard depletion of Ba, Sr ard Ti indicating ther ewlved nature.

For geachronologicd studiesconventiond isotope dilution techniqus were usel for the estimation
of Rb, Sr ard theisotopct ratioswere measued onaV G 354 multi-collecta mas spectrometefollowing
the procedue describe elsawhere [2] . Rb ard Sr abundances thus obtainel rarge from 211 to 354
ppm ard 159 to 136 ppm respediely ard the values are in agreemehwith XRF data. The 8Rb/®Sr
and ¥Sr/*Sr ratios in thee samples vary from 5.40 to 47.8 ard 0.8708 to 1.6024 respedtvely. Seven
out of the andyzed eight sampleswhen regressd togethe indicate an isochron age of 1234 + 170 Ma
(MSWD = 95) with initial 8’Sr/®Sr ratio of 0.784 + 0.05 . Semiquantietive U ard Th data by
geachemicd (XRF) studies shows that the andyzed core sample hawve higha U/Th ratio in the rarge
of 0.62-5.68 compare to average value of 0.26 in granitic rocks.

data-point arror olipses are 20

Sri*sr

Age=1234+170 Ma
Initial "'Sr/™Sr = 0.784 +0.025

30 4 50 60

"Rb/*®Sr

It istherefor inferred tha the Rb-Sr age of 1234 + 170 Mawith very high initial 8Srf°Sr of
0.7& isthetime of the Sr isotopt re-homogenizatia during an episoct of fluid interactian possibly
related to proces of U mineralization.
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ABSTRACT

Bead sard place deposis occu alorg the eastem and westen coass of India, which contain
heavy minerals such as ilmenite, witile, garnet monazite, zircon ard sillimanite. Among the, zircon
isusel in zircoalloys (nuclear industy), ceramics refractaies abrasves etc. Separation ard chemical
chaacteization of pure zircon is aprelude for undestandirg the differert elemens ard impurities
presem and its industial application. In recen times several method are developel for bendiciation
ard separation of individua heavy minerals from beach sands.

In this paper, separation of zircon from beach sard of Srikurmam areg Andhra Prade$ was
taken up as a ca® study. The proces flow shee¢ adoptel for separation and isolation of pure zircon
from beach sard sampé consiss of deslimirg of bead sard, wet tabling of sard fraction renoval of
magnetite bylow intensity magnetic separation from table concentratgperm roll magnettc separation
ard induce roll magnett separation of table concentate. The concentates were further subjecte to
iso-dynamc magnett separato after observirg impurity presem in the sampé unde binocular
steeomiaoscoe. In the presem process ébou 95% pure zircon was obtainal. Further concentation
of zircon was carried out unde the binocula staeomiaoscope by hard picking of impurity to obtain
99.5% pure zircon concentate. The pure zircon concentate was anayzed for majar, minor and trace
elemens by chemicd methal for characteization of zircon ard cross validation of physicd processes
through which the zircon concentate was obtained.

Chemica analyss of the pure zircon concentrat indicated 63.15 to 64.7%6 ZrO, ard 322 to
32.8% SIO,. The values are neaer to that of pure zircon which stochiometically contairs 67.2%
ZrO, and 32.8 % SIO, with little iron. In the preseh study, ZrO,+HfO, contert varies from 65.27 to
66.1®6 ard hafnium from 1.25to 1.48% HfO, in the zircon concentrateT he variation of ZrO, can be
accountd due to the presene of hafnium ard iron. The uraniun ard thorium conten varies from
0.040 to 0.048%J,0, ard 0.012 to 0.042%TO, respeatvely. Othe oxides are presert in minor to
trace amountsThe usage of zircon atindustial scak depends onthe amoun of ZrO,+HfO,, Fe, O,, and
TiO, alorg with othe oxides The paper deas with the physicd bendiciation methos adopte and
correlation beween chemicdanalyss and stoichiometrt conten of zircon concentrag separate from
the raw sard.
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ABSTRACT

Uraniferousanomalies have beenreportel for thefirst timein Koppugatt (162 7 6 178°AN7 6 4 6 " E)
i Bamarapalle (16°2 6 6 378°AN7 6 Psécts of Amrabal outlier in the northen margin of Cuddapah
basin Mahboobimgar district, Andhra Pradeshassoated with the uncorformity contad betweea the
Lower Proterozoic basemenard Middle-Uppe Proterozoic sedimers of Srisailan Formation. The
area liesto the SW of Chitrial outlier and forms pait of the man Srisailan sulzbasin.

The basemenconsiss of graritoids intruded by bast dykes and quatz veins The granitoids
exposeal comrise coase grained grey biotite granites with occasionbpink granites Highly chloritised
granitesoccur aroundAmrabal, Rayalagandi and Madhavanpalleareas.Occasional, enchves of
metasedimentg rocks are se& in basemenwhich include amphibolitesgneisss showing ptygmetic
folding ard metaquétzitesthat show cross beddings The fractures and the bast dykesin the basement
have a dominarn N-S trerd followed by NW-SE ard NE-SW directions The overlying sedimers of
Srisailam Formation are unmetamgphose& ard mainly consi$ of arenaceos lithounits with minor
intercaktions of argillaceows rocks. Thicknes of the sedimensgis abou 60m with shalbw dips of less
than10° towards southeast.

Severa uraniferousanomalisrecaded at Koppugatt (0.0406 U O, 0.07®% ThO,), Bamarapalli
(0.50% U,0,; <0.0100 ThO,), Madhavanpale (0.053%6 U,O,; <0.00846 ThQ,), etc. indicate that uranium
mineralization is mainly corfined to altered basemengranites close to the uncorformity.

Radioelementiaconten of the granitoids (U= 9-21ppm Th= 36-46 ppnt n=7) indicate the fertile
nature of the granitoids ard the Th/U ratio of 0.22 to 4.0 againd the crustd average value of 4. XRF
andyses of the twenty six sample of the basemenindicate tha geochemicdy they are of varied
nature with the sample falling in norma granites alkal feldspa granites ard granodiorit fields in
Na,O+K,0 vs SiO, binary variation diagram A/CNK vs. A/NK binary variation plot of thes granites
shows peraluminots to metaaluminots natue. This is also substantited by the high Rb/S ratios
(1.136.88) The awerage crug normalized trace elemen spide diagram indicates enrichmern of U, K,
CeardY ard depletion of Sr, Ti ard Ba. Most of the granite sample fall in the 6 sohdy differentieted
granite$field in Rb-Ba-Sr triangula plot. The Rbvs. Sr plot indicates depth of granite formation close
to lower crust Geochemicady, the® ganites are similar to granites of Chitrial area where signfficant
uranium mineralisatio has alread/ been established.

Occurene of highly uraniferous anomalies alorg uncorformity in the KoppugatteBamanapalle
secto ard geochemichsimilarity of its basemencharactes with Chitrial area indicate tha the area
arourd Amrabal outlier in the main Srisailam sulrbash has significart potentid to hod uncorformity
related uranium mineralisation.
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ABSTRACT

Palnad Subbasin ore of the importart geolbgicd domairs for uncorformity-related uranium
mineralisation issuroundel by basemetgranitoidsin the northern ard westen parts Thes granitoids
exhibit medium to coase grained holoaystalline granular nature and hypidiomaphic, inequgranular
texture. Major mineral composition is representd by microcline, orthoclase perthite, plagioclase and
quartz wherea minor and accessor mineras include hornblende chlorite, epidote apatite zircon,
aretae ard spheneBanganapadisedimeicover over basemeingranitod has shownimmen potential
of fractue-controlled epigenetc type uranium mineralisation (0.13 0.536 U,O,) in Koppwurui
Dwarakapuri areg Guntu district, Andhra Pradesh It is also obseved that basemengranitoids in
thes parts hawe high intrinsic uranium (19 ppm; U/Thratio 3.8Q n = 30) ard found to be man souice
of uranium in the system, wth was probablyeleasd, remobilised and concemted a suitable
structua locales during the basemenreactvation.

Geachemicaly, thes granitoids (n=8) show widevariationin SiO, (61.81 69.31% av. 65.78%),
MgO (0.54 3.14% av. 1.64%) and Ca0 (0.34 5.98% av. 3%) contens while Al, O, exhibit resticted
abundane (14.3117.24% av. 16.39%) Totd alkali conten varies from 7.71 to 9.22%6 with an overall
predominane of sodium (av. 5%) over potassiun (av. 3.37%) Similar variations in trace elemens viz.
Cr (431 171ppm) Ni (<10 73ppm) Rb (53i 180ppm) Sr (661 754ppm and Ce (181 107ppm) are quite
appaent REE distribution pattern indicates prevalene of compaatively low SREE (471 321 ppm) in
thes granitoids (n=8; except one sampé i 809 ppm). Predominane of LREE over HREE (LREE/
HREE 3.0917.02 ard fractionatimmamoryg LREE (La/Sm, : 2.26 10.06 aredistinct Besidesstrong
negative Eu anomalies (Eu/Eu’= 0.29 0.76) point towards evolved natue of granitoids The
compositional dversity of medium to highK, calc-alkaline granitoids of study r@a beloging to
tonalite’ granodiorité adamellie suite with predominat metaluminos natue (A/CNK: 0.65 1.06;
excep 1.42 shown by one sampl¢ ard presene of biotitethornblend asthe dominan ferromagnesian
minerals point towards derivation of magma from uppe mantk or lower crustd soure with I-type
signeture. Besides negative correlation of SiO, with MgO, FeO', Ca0, Al,O, ard positive correlation
with K.O ard Na,0 indicates highly fractionatel nature In Rbi Nb+Y tectonc discrimination diagram,
theg granitoidsindicateavolcant arc granite (VAG) tectonc regime atthetime of magmetic evolution.

The Rbi Sr wholerock isochron data of basemengranitoid sampleshawe yielded an age of
2659+1D Ma with initial 8’SrfSr ratio of 0.70163+0.0009 (MSWD: 3.2). The initial 8’Srf°Sr ratio
for thee granitoids within errar limits, straddlesthe modd &Sr/®Sr ratio of 0.7012 for the contemporary
depleted uppe mante souce. Similarly P Pb ages of thes granitoids show 2638+31 Mawith model
m,=9+05 ard MSWD= 6.8 and are compaable with Rb-Sr ages Thes are probably indicating the
time of emplacemeinof these granitic rocks. However, one radioacive granite sampé has indicated
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Pl Pb age of ca 154514 Ma with modd m =8.3+14 ard MSWD= 55. This yourger Pb-Pb age
with high MSWD value is pesunably due to the local redigbution of U and Pb in the sangpl
Possbly this may be indicative of yourger reactvation evert in the area Consideing highly labile
natue of uranium such reactvated granitoids form a potentid fertile souce which may lead to
mineralisation unde favwourable conditions as already obse&ved at several places in Neopoterozoic
Bangampalle sedimei cover in uncorformity proxima setup.

X-RAY DIFFRACTOMETRI C AND ELECT RON PROBE MIC RO ANALYTICAL
STUDIES ON URANINIT E AND FERGUSONITE ASSOCIATED WITH
PEGMATOIDS FROM KULLAM PATTI, SALEM DISTRICT, TAMIL NADU, INDIA.

R. VISWANATHAN?, R.P.SINGH? V.RAJAGOPALA N*, A.K. PAUL?, YAMU NA SINGH*
AND K. MAHENDR A KUMA R3

Atomic Minerals Directorae for Exploration and Research
Depatmert of Atomic Enegy
'Hyderabal, “Bangalae, *Jamshedpur

ABSTRACT

The Suryamalabatholith is emplacd into the high gradce granulitic terrain consistimg chiefly of
biotite-hornblence gneiss It is the largeg batholithic body ard extends from Idappad in the north to
Tiruchergodu in the sout ard Irugula in the eas to Kumaapabyam in the west The batholith was
emplacd intheintersection betveentwo majar sheas consistirg of the Moyar-BhavaniAttur lineament
ard the Palghet-Cauwery lineamentwhich togethe form the Cawery shea zone. The Neoproterozoic
uraniferows rare metd pegmatoids, intruding into granulites at Kullampetti, Salean district, are exposed
over an areaof about 2 sq km. The pegmatoids show aNE-SW trerd and hog uraninite ard fergusonie.

The uraninite and fergusonitewere recvered from the hostrock by sequentiaheavy liquid
separation followed by isodynami magnett separation The X-ray diffraction studies (XRD) on the
various separates were caried on a Seimers D-500 diffractomete systen with the high voltage
maintainel at 35 kV ard the tube currert at20 mA. The Cu K radetion (1.5418 A) monochomatised
using acurved graphite crystd monachromator was used for diffraction The sample were scannd in
the angula rarge between 4 to 127 degree 2¢€ with astep size of 0.01 stepard a esidece time of 2
second pe step. The separatad grains of uraninite and fergusonie were mountel and andysed on a
CAMECA SX-50 Electron Probe Micro Analyzer (EPMA) with four wavelengh dispersve spectromete
with a bean of 4 to 5 micron diamete ard bean acceleratig voltage of 15 kV ard 40 nA current.

The XRD studies of uraninite indicate unit cel dimensia (g) 5.45% A ard the stoichiometric
deviation of oxygen contentin its formula unit (FU) UQ, .. The EPMA studies on five separated
uraninke grains show 77.12t0 81.34 % UQ,, 3.1210 6.9 % ThO,, 4.69t06.31% PbQ 0.25t0 1.35%
CaD,4.2t06.20%Y ,0,ard 1.77t0 3.52% EREE,O,. Initial XRD studiesindicated thét the fergusonite
is metamict. The annealingstudieson metamictfergusoniteshowed the distinct developmentof a
tetragonaphag at 775° C with unit cel parametesrangirg froma, : 5.15%1t0 5.1644 A, C,:10.9408
t010.949 A,V : 291.24Ft0 292.026 A3, followed by the developmen of amonoclint phase at 850°
Cwithunit cel parametesrangirg fromg, : 5.0646t0 5.0677 A, b,:10.9261t0 10.933 A, C,.5.2721
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t05.2727 A,V : 290.89D to 291.23@ A3 494.38° to 94.51°. The EPMA studies on fergusonie show
43.2410 46.2 % Nb,O,, 0.44 t0 1.12 % Ta,0,, 25.67 t0 30.63 % Y,0,, 7.45t0 11.06 % UO,, 9.97 to
11.47 % EREE,O,, 0.80t01.79 % Ca0, 0.03t0 0.76 % PO ard 1.31 t02.24 % TiO,. Theanomalouby
high concentatiors of FHREE ard ThO, in the investigate uraninite and fergusonie indicat the
formation of ther hog pegmatoics unde high tempeature conditiors from melts rich in volatile
componentsFurthermore, the data also sugges the fractioreted and evolved natue of the host

pegmetoids.

MINERA L CHEMIST RY OF RADIOACTIV E AND ASSOCIATED PHASES FROM

NEOPROTEROZOIC UNCONFORMIT Y RELATED URANIUM DEPOSITS FROM

KOPPUNURU, PALNAD SUB-BASIN, GUNTUR DISTRIC T, ANDHRA PRADESH,
INDIA

A. K. PAUL, V. RAJAGOPALA N, K. SHIVAKUMA R AND M. B. VERMA

Atomic Minerals Directorae for Exploration & Research,
1-10-153/156 AMD Compkx, Begumpet Hyderabad500 629

ABSTRACT

Unconbrmity proxima uranium mineraliztion at Koppunuu occus in basemengranitoids
ard the overlying BanganalapadiFormation of Kurnod Group in Palnad sulzbasi. The U-mineralization
trangresss the uncorformity both aove ard below. Later remobilization of uranium is evident, as
they are intermittenty intercepted within the sedimens overlying the uncorformity. Subsurface
exploration by drillin g intercepted three mineralization bands viz. Bard A and B upto 80m above the
uncorformity in the overlying Bangampalle quatzite and Band C, mostly subparallel to the
unconformity and corfined to basalconglomeatefrit horizon except afew boreholeswhere it is
trarsgressig to granitic horizon (<5m).

The radioacive minerals include massve colloform pitchblende and scdy coffinite assocted
with carbonaceocaimatte, as well as veinsg grain boundary fracture filling s in granite and quartzite.
The grit/granite radoacive samplesunde microprole, indicate presene of pitchblende coffinite,
ard varying compkxes like U-Ti-SiAl, U-Si-Ti-Al, U-Si-Al, U-SiAI-Ph U-Si, U-Si-CaP ard U-Si
Pb-Al (Tablke 1). This suggess highe activity of alteration processe ard remobilization of phassin
an open chemicad system The alteration is closdy assoaited with fine-grained zircors appea to be
dueto theincorporatian of UO, (upto 2.00 %), ThO, (0.03to 1.51 %) and RE, O, (0.12to 3.56 %). Sich
actvities signify the processeof epigenetc fluid/gel related to U-concentation At increasirgy depths,
possibility of Al- beaing radioacive phass is also envisaged.

The radioacive phass preseh in the samples reved negligible to low thorium indicating low
tenpeature phenomenar hey are likely to be emplace by the epigenetc solution/ gel richin U, Ti,
Si, Al, Ca P ard Pb, preferably alorg available spacsas vein, cavity and grain bounday. U-assodited
sulphides occuring as veins ard fractue fills, esgntialy comprie pyrite, pyrrhotite, chalcopyite,
pentlandie ard galena They have norma chemisty but for subtk variations in minor elements The
pyrite ard pyrrhotite are invariably arsenferous and they dominat the sulphidesThus it is corcluded
tha the area has potentid for multi-episodc epigenett U-mineralization.
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Table 1: Microprobe Analyses of U- phase from Gritty quatzite, Koppunuu, Guntu, A.P.

Oxide Koppunuru

Wt. % Coffinite | Pitchblende|U-Ti-Si-Al | U-Si-Ti-Al | U-Si-Pb-Al |U-Si-Al  [U-Si-Ca
uo2 69.02 78.58 42.14 51.15 55.03 49.19 62.31
ThO2 0.09 0.00 0.31 2.92 0.02 0.00 0.00
PbO 2.49 8.94 1.45 0.12 11.86 0.07 1.92
Al203 0.20 0.68 3.09 2.11 7.19 5.97 1.89
Si02 17.01 3.39 6.96 17.02 21.06 21.02 12.47
P205 1.33 0.00 0.05 0.82 0.56 1.61 8.08
CaO 1.12 1.64 2.60 1.96 0.78 1.82 10.30
TiO2 0.07 0.97 30.12 11.89 0.06 0.20 0.10
MnO 0.00 0.06 0.15 0.01 0.01 0.00 0.11
FeO 0.15 0.29 0.76 0.86 0.91 3.81 0.96
Y203 0.85 0.10 0.21 1.36 0.84 1.48 0.37
RE203 1.94 2.40 1.14 3.31 1.65 4.37 0.37
Total 94.27 97.05 88.98 93.53 99.97 89.54 98.88

HYD ROGEOCHEMICA L EXPLORATION FOR URANIUM : A CASE STUDY OF
BARAMKELA 1SARIATAM BABHONA AREA, RAIGAR H DISTRICT,
CHHATTISGARH

RAHUL BANERJEE™, RAJEEVA RANJAN? AND PB. MAITHAN |*

Atomic Minerals Directorat for Exploraion and Research
11-10-153/156 AM D Compkx, Begumpet Hyderabad 500 629
2AMD Compkx, Cental Region, Civil Lines Nagpufi 440 001

" Email rahulbmg@gmail.com

ABSTRACT

Application of hydrogeachemicad techniquesin uranium exploration program plays an important
role in quick gppraisd of an area especidly in soi covered sectas, by utilising rapid ard accuate
andytical methoda of dired measuwemert of uranium upto ppb level in natua wate. Presen study
deabk with the successfuutilisation of this tool to delineste the potentid target zones in Barankelal
Sarid Ambabhoma areg where Mesoproteroza sedimens of Chandrapu and Raipu Groups
(Chhettisgaih Supegroup are deposital over Neoachaea to Palaeopoterozoic crystalline basement
compkx. Arenaceoasedimens of Chandapu Group are exposeal asNi Sard NEi SW trendirg ridges
in the southen ard easten pats, respedtely, whereas Raipu sedimens are gengally forming low-
lying aress and occasonaly cappel by thick laterite. A major Ni' S trendirg fault of nealy 18 km
length between Baramkeh and Chandapu separatesthe sedimers of Chandapu ard Raipu Groups.
The area has also undegore substantibpostdepositiond reactvation as indicated by numbe of Ni' S,
NEI SW ard NWi SE trendirg lineaments/faultsfactue zones which mosty control the drainage
system Sueh lithostructua setups are importart for uranium mineralisation as evidencel by location
of several occurrence elsawhere in north-easten pat of Chhettisgaih basn viz., Chitakho| Bokarda
ard Renkhol.
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Water sample (n=139 geneated over an areaof 330 sg.kmwith samplirg density of one sample/
~25 sqg.kn from Baramkela Saiai Ambabhora secto have andysed <1i 92pfb U, 0.12 2.63mnhos/
cm conductvity, <1i 200 ppm SO,, 36i 475 ppm HCO, and 3 549 ppm Cl while pH rarges from 6.4 to
9.1 Othe radicab such as Na, K, Caard Mg analyseé upto 210ppm 99ppm 229ppm ard 98ppm,
respedtvely. Statistica evaluation of processd uranium data (without nugge valueg shows 1.31ppb,
1.03pph ard 3.36pp as mean SD ard threshodl (Mean+2SD)respeately. Similarly, U/Conducivity
ratio of processd dataindicated 1.66 1.01 and 3.68 as mean SD ard threshodl, respedtvely. A total
of 9 anomalas uranium values above threshadl have been recordel while U/Conducivity ratio exhibits
11 anomalies after neutalization of effect of totd dissoled salis (TDS). The investigatios led to the
delinegtion of a distind NEI SW trendirg anomalos uranium zone corfined within calcareos shale
of Gundedeh Formation (Raipu Group) alorg Khorigaori Bilaigarhtract Thiszoneisalso coinciding
with NEi SW trendirg lineament which is indicative of importart role played by faults/fractues in
mobilisation ard corcentation of uranium Thisisfurther supporte by multi-elementradicd correlation
matrix indicating independennatuse of uranium Besidesstrorg positve correlation of conducivity
with Na, Ca, Mg and Cl (0.740.9) and moderatecorrelationwith K, SO, and HCO, (0.611 0.67)
signify prevalene of evapaative proces in the area Rotated factor matrix data also shows loadirg of
Na, K, Caard Cl in factoii 1, which suggess evapotranspiation as one of the importart governing
proces for ther concerration in wate.

In view of fawourabek lithostructurd setwp viz., deposition of Chandrapuand Raipu sediments
inrift related bash in an extensiontectonc environment episodc tectonc pulsesleadirg to degpening
of basin multiple postdepositionad reactvation, presene of fertile granitic ard rhyolitic provenance,
volcancalasts ard tuffaceos rocks (Singhaa ard Sukhda tuffs) at differert stratigraphic layersand a
combiration of hydrogeahemica parametes ard disposition of hydrouranium anomdies alorg NEi
SW lineamemnunequvocally pointstowardsthe possibility of fractue controlled uranium mineralisation
in the area.

PETROMINER AGRAPHIC STUDY OF OOLITI C PYRITE IN RADI OACTIVE
QUARTZ ARENIT E OF PHONDA GROUP FROM KALLAM WADI AREA,
KOLHAPU R AND SINDHUDURG DISTRICT S, MAHARASHTRA

K.SHOBHI TA?, S. SRINIVASAN!, A.K. PAUL?, M. NAGARAJU? K. SHIV KUMA R?,
K.UMAMAHESH WAR! AND P.B. MAITHAN I|*

Atomic Minerals Directorat for Exploration and Research
11-10-153/156 AMD Complex, Begumpet Hyderabal i 500 629
AMD Compkex, Nagarblavi, Bengaluiu -560072

ABSTRACT

Middle Proterozoic Kaladg Bash located in the Northwesten part of the Dharwa Cratanisone
of the potentid targe for unconfamity type uranium mineralization. Intensve exploration by Atomic
Minerals Directorde, hawe resultedin locating 64m thick bandof uranium mineralization (upto
0.83%¢J.0,) hostel in the Badan arenites of Kaladg Supe Grou in close proximity to the basement
compising schistoerocksof the ChitradugaGroup nea Deshur vill age, Belgaundistrict, Karnataka.
Similar geolbgicd sé up extends further northwards in the KonkarKaladgi region, where the Phonda
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Group of rocks (Badami3 are exposel ard recaded an interestirg horizon of oolitic zone with alot of
sulphideswithinthe Phoncarenitesnea Kallamwadi They also hawe indicated low order radioacivity
(0.04mR/hy at places.

Petologicd studies of the representtive sample of the oolitic horizon indicate spheical oolites
varying in size from 2-2.5nm with finer concentic layerings In many of thes oolitic pyrites fine
quariz grairs form the loci arourd which precipitation of sulphidestook place In periphey of sone of
thes oolites isolated finer sized anhedragrains of pyrite are also obrved, which could be pat of
anothe episock of sulphice deposition The elevated uranium levels in the oolitic horizon indicate the
potentid of the Phondi Grouyp for uranium mineralization.

The microprole analyss indicaie a decreasig trerd of elemen concentratio sud as Cu, Co,
Ni, Zn, Sb, Ag fromthe coreto the periphery inthe oolites FeK (alphg image of oolitic pyrite over an
areaof 1024X 1024 micron shows avariation of iron concentratio from 41.72 to 44.4%%6 ard Sfrom
49.06t0 52.78% There is not muchvariation in the mineral chemisty betwee the oolitic and anhedal
pyrites, except the As contert which is marginaly more in the latter. Arsent conten in the oolitic
pyriteranges from 0.01 to 0.09% whilein anhedal pyriteit goesupto 0.52% It isevidert from EPMA
study that both oolitic ard anhedal pyrite gopea to be of single gisoda sulphice origin. Further it
coul be possble tha pyrite ard uranium formed out of two geneations.

From the comprehense petologicd ard electon microprobe study, it has been corcluded that
the assoation of oolitic pyrites ard marginaly enhancd uranium values is only spatia) coincidental
ard there is no genetc link betwea them.

INTEGRATED INTERPRETATION OF HELIBORN E GEOPHYSICAL AND
REMOTE SENSING DATA TO IDENTIF Y POTENTIA L TARGETS FOR URANIUM
EXPLORATION IN PARTS OF NORTH DELHI FOLD BELT

AK.PATHAK?! A. GOSWAM I3 G.V. GIRIDHA R? A.M. SELVAN? AND A. K. CHATURVEDI*

* Atomic Minerals Directaate for Explaration and Reseech, Hyderabal
2 Atomic Minerals Directarate for Exploration and Researl, Jaipur
8 Atomic Minerals Directarate for Exploration and Researik, New Delhi

High resolution helibarne survey which include frequelry doman electromagneti (FDEM),
magnett ard gammaray spe¢romety (AGRS) data, was carried out in parts of Khetri sub bash along
the Palsana Narnad trad in Sikar and Jhunjhunu districts of Rajastha and Mahendagah district of
Haryana The area was flown along N40°W- S40°E direction at 250 m line spacing High resolution
multi-paramete helibarne geophysicasurvey datain conjunctian with satellite imagery ard available
geobgicd information were andysed to identify new targe areas for further exploration The known
potentid zones ard its vicinity were not consideed for evaluation. The proces involved knowledge
driven andysis through correlation with known geological, geophysicaor borehok information.

Thestudy areais mosty soi covered with scany exposue. Geobgicaly the study areacompries
of arenaceosAlwar Group ard argillaceows Ajabgaih Group of Middle Proterozoic Delhi Supegroup
of rocks. Thes rocks are intruded by concadart to discadart bodies of acidic ard basc intrusve.
The® metasedimentgrsequene has undegore folding ard faulting due to polyphag tectonism
resultirg in developmenm of compkx structura fabric. Uranium mineralistions in parts of Khetri sub
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bash hawe been esiblished as structurd controlled hydrothema vein type and closdy assoaited with
albitisation & sulphides alorng the fractures Presene of sulphides and /or carbonaceasimatte in the
structually weake zones provides the necessgy reducirg environmert for uranium concentation.

Heliborre magnetc data is usel for delinestion of subsurfae gedogica features Lineaments
were interpretel from Landséa ETM Plus satellie data Nature of mineralisatim encounterd in the
areaindicate faultd sheas are of primary contols. Thus structual elemens such as axid traces of the
fold ard faults have been interpretel from magnettc ard remoe sensiig data. The locationswith presence
of AGRS anomalis ard known radioacive anomalies assoated with structura features have been
given priority. The EM datahelpedto locate the conductors.Since the uranum mineralistion is
assoaited with steepy dipping fractures the conductos are first locatel in the coaxid response
(frequencie 980Hz ard 7001Hz) The EM anomalieslocated by coplana frequencis (880Hz & 6006Hz)
have been usal to esgblish the contnuity of the conductes. Discrete conductas were gven more
weightage over formationd conductes. AGRS dat with U/Th ratio >0.8 ard U>5 ppm is usel define
the radiometic anomaliesGrourd radioacive anomalis have been usel as input to the study. Other
relevant geobgicd information was also consideed for target delineation.

Baseal on the defined parametes, nine areas were selectd from entre NarnautPalsara block for
further exploration Outcone of this study reflect the advantage of integrating all available dataseton
acomma platform to narrow down the target areas for plannirg of exploration progran effectively.

AN INTEGRATED GEOLOGICAL , GEOPHYSICAL AND GEOCHEMICAL
APPROACH TO CHARACTERIZ E CIRCULA R ELECT RO MAGNETIC
ANOMALY, BHIM A BASIN, KARNATAKA

I. PATRA, A. K. CHATURVEDI, V. RAMESH BABU AND P. K. SHRIVASTAVA

Atomic Minerals Directorae for Exploration & Research,
Deptt of Atomic Enegy, Begumpet Hyderabad
E-mal : headass.amd@ov.in

ABSTRACT

Typicd Versatile Time Doman Electromagnett (VTEM) respons is noticed in souh easten
margin of Bhima Bash arourd Bechabd i Madanur areg Gulbaga district, Karnataka from recenty
conducte high resolution Heliborne surveys for uranium exploration by AMD. The conspicuos EM
anomady is circular in nature over an area of 50 sg km. The vertical componenof time derivative of
secondary magnetiield (dBz/dt) petaining to edy and latechannel images and the time dgc
constam(Tau) images decipheed theanomaloscircular feature. The conducive deph slicesreflected
shalbw nature of the circular EM respons. Thetotd magnett intensity image (TMI) reflects magnetic
low inthispat compaed to adjaceharea The prominert NW - SE regiond magnetc linear disappears
in this zone, which is clearly depicted in the tilt derivative image This is the indication of possble
shea zone, which is highly altered in this part. The ternary (U-Th-K) radiometic image of Bhima
Bash als indicates very low radio-elementé concentratia in this zone which may be due to soill
cover. The Enhancd Thenetic Mappe plus (ETM*) satellite image (RGB 432) shows darker tone for
this feature, suggestirg thick soi cover. The basemenrocks in generad are characteized by lighter
tore. Mogt of the EM conducte respone in Bhima Bash is due to presene of shak ard overlying
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Deccan Trap cover. Therefore, to chaacteriz thistypica anomay, detailed ground check up comprising
of geologicd ard geochemichktools were adoptel.

Geobgically, the study area forms apait of Neopoterozoic Bhima basn on the NE margin of
the Dharwa craton which is sardwiched between the Reninsula Gneisst compkx and assoated
granitod in sout ard Deccan Trap in the north. The basemencrystalline rocks comprise greenstor/
schist bek (Mangalu) of the Hutti Group, presen as erclawves in the Reninsula Gneis that occupies
lower contous with pereplained topograply ard intrusve pink and grey granitod. Bhima Group of
sedimens restirg uncorformably over the basemenrocks are representd by purple shak ard gray
limestore with thin cover of Deccan Traps The sedimens show gentle dip towards west.

Thebasemetrocksare highly weathered withinthe EM anomalos zone, whereasfresh exposues
areavailable outsice the area The areaisthickly soil covered with mog of the soi beirg transpeted in
nature Along deep cut nalas (NW-SE trends parallel to the majar structural grain), soi profiles are
developed The area was divided into two parts i.e. conductiig zone (CZ) ard nonconductiig zone
(NCZ; a 2km buffer zore arourd CZ2) to facilitate eay compaison ard interpretation. Geachemical
samplirg of available meda (water/soil/sedimenjsvas caried out to pinpoirt geochemica differences
betwea CZ ard NCZ.

Owing to the availability and eay samplirg techniques wate samplirg is preferred as major
geachemicd toal over othas. Mostly, tube wells were targetal as the wate is un-contamirated by
sufficial activity. Besidesfew dugwells and springs were also samplel. A totd of 32 wate samples
(16 each from CZ ard NC2Z) were andyzed for major cations The resut indicate that, the average
conducivity values (4488 pmhos/cm of wate sample in CZ is four times to that of NCZ (awerage
1265 pmhos/cm)Higher concentation of Cl-, Na*, Ca™* ard Mg** are obseved within CZ. Positive
correlation of conductvity is obsewed with Cl, Na', Ca™*, Mg and SO, This explains the highly
saline nature of wate in this part. Close obsevation indicates that, the sol in the area is Hack/dark
coloured compare to reg of the area which isred Basalts granitegneis and schiss are the parent
materials of the red ard black soils ard amajar souce of salts in the soils Seepage watea ard over-
irrigation are responsika for saline nature of soil. Soil sample (h=32 were collectal from B-horizon
(alorg nala cuttingg ard also top soil. High Ca0 (11.26 7 392 %) conten is obse&ved within CZ,
suggestirg possble inputs of limestore from adjacet area Thes are alo chaacteized by low SiO,,
K,O ard Na,O contentsThe major oxides concentation of soilscollectad from NCZ are characteistics
of gneissesStrean sedimers (n=08) collectal from the nala confluene within CZ were analyzel for
heavy mineralsard petro-mineralogicd investigatiosto infer the provenanceThe possibility of buried
kimberlite/lamproite body is precluded, as no distind indicator mineralswere seenTheresut indicates
mixed provenane (gneissic/shistos ard sedimentary from the mineral asserblages Besides this,
portable gammaray spectomety measuemens were taken aaoss one profile covering both CZ and
NCZ. Theresut indicate systenatic variation of U, Thand K within NCZ dueto gneisst county rock
ard erratic behavior within CZ, indicating presene of transportd soils.

Thus it may be conclude that the distind circular EM respones in the EM data is not due to
presene of any disaete/famationd conducta. By integrating alove information, presene of thick
contamirated (limestone/DecaaTrap) soi ard saline nature of grourd water, high moistue content
underlan by highly weatherd basemenare responsit# for high amplituce EM response.
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THEM ATIC INTEGR ATION OF SPATIA L DATA SETSTO DELINE ATE
FAVOURABL E ZONES FOR URANIUM EXPLORATION IN GANGPUR BASIN,
INDIA

M SRIDHAR, A. K. CHATURVEDI, R. MURLIDHARA N AND P. K. SHRIVASTAVA

Atomic Minerals Directorae for Exploration & Research,
Deptt of Atomic Enegy, Begumpef Hyderabad
E-mai : headass.amd@ov.in

Surfae exploration techniques have been key contributors in discwvering mineral deposits over
the pad three decadeshowever in the lag deca@ there has been agrowing emphass on integrating
remote sensiig, geobgical, geophysichand geochemica exploration techniques to complimer them
in identifying conceald deposits Successflintegrated exploration requies putting mapable
petrophysicbpropery contrassinternsof geobgicd ard geochemichprocesthatcould be assodcted
with differert mineralisation environment The Precamivian Gangpu basn comprisirg volcanc free
sedimentay sequeneisconsiderd asapotentid geologicasettirg for hostirg uranium mineralisation.
The Gangpu bash with metasedimetsof low to medium metamaphic grace classfied asthe Gangpur
Group are known for hostirg manganes, limestore and LeadZinc deposits Uranium mineralization
is repated in limonitic carbonaceasiphyllite and sheaed quatzite of Kumamunda Formation at
JhamankeldBhaluktaareas Several uranium anomalis have been associatéwith gossa at Kaedapani,
Jamdaandinferruginised laterite at Badekahar, Jarmal, Jragarpur, Kadarpanj Karamebaha) Tetelkela
& Kumtinunda.

In the present stly geobgical, geoplysicd and remot sensiig data sek are processe and
integrated with othe available data to delineste target zones for uranium exploration Even though
dired detection of Uranium mineralistion remairs unresoved in exploration straegy, insteal it is
becomirmg increasingy instrucive to focus on mapping suitable depositiond environmentsThe enhanced
satellite imagery is intepreted in terms of theatic layers viz. tend lines, lineaments, faults and
geobgicd contacts The agomagnett data is processd ard interpreted thenetic layers of magnetic
breaks ard linears from totd magnett intensity (TMI), the reducel to pole (RTP), tilt derivative and
amplituce of andytical signd grid images The radiometic data is processé basel on ther broad
lithology ard radio-elementadistribution maps viz. court maps, ratio maps, ternary (K-Th-U) ard U/
KT U/Thi U images are geneated to aid in mappirg uranium favourability zones. The favourability
image 2ones with high U/K, U/Th ard U couns znes are dassfied into dass basel on statistics and
anomalos high zones are picked up as uranium favourable locales The thenstic layers of geobgical
contacts,lineaments& faults interpreted from satellite imagery, magnetic linears interpreted from
agomagnett data ard uranium favourability zone extracted from AGRS data are overlad. Basel on
spetial assodition of favourable features few local are delineated for uranium exploration.
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HYDROCARBON GENERATION POTENTIA L OF OLIGOCEN E COAL SFROM
DILL | RIVER SECTION OF UPPER ASSAM BASIN

N. MATHUR,

R&D Department,
Oil India Limited,
Duliajan 786602 Assam nmathur@oilindia.in

ABSTRACT

Coakof Permian (Gordwana) Eocereard Oligocereepodoccu inAssamTheg coakgeneally
have high sulphu ard low ash content Bulk of Assan coals however, occus in Oligocere Barails.
Coak from Tikak Parbat Formation of Barail Group from Dilli area are characteized by low ash low
moisture, high volatile matter and dominarn organc sulphu contents The coak are per-hydrous in
natue ard are of sulzbituminous rank.

This study has been taken up to detemine the hydrocarban genegation potentid of Oligocene
coakfrom DDilli River SectionCod samplswerecollectel from Dilli River Section ard ther coardinates
were noted using aGPS Coabk were andyzed using Rock Eval, a pyrolysis instrumert that heats the
samples in inert amosphee to mimic subsurfae hydrocabon generatim proces in the laboratary.
Rock Eval wasused to detemine hydrocarbospreseminthecod (S ), hydrocarba generation potential
(S,), matuity parametg Tmax ard thetotd organc carba (TOC). Selectel cod samplswereextracted
using a solvent, dichlorometham, to renove the bitumen presen in them The extracted bitumen was
andyzed using GC-M S to detemine biomaker maturity parametes. The extractel coal after renoval
of bitumen was andyzed using PyrolysisGas ChromatographMass Spectomete (Py-GC-MS). This
instrumernt pyrolysesthe cod at 600°C ard the pyrolysed produck are andysed online using a GC-MS,
to detemine the type of hydrocarbors geneated by the coals.

The TOC content of the coak ranges from 62-75%, correspondig to subbituminous type.
Hydrocarbos presenin the coak varied from 0.2 to 3.9 Kg/t. The hydrocarba genegation potentid of
the coak is very high, rangirg betwea 163 ard 303 kg/t, with an average of 221 Kg/t. However, the
productian index (PI), S/(S,+S)) islessthan 0.Q2 indicating that even though the coak have very high
hydrocarban generatim potentia) they have not yet generatd significart amoun of hydrocarbons.
This is further corfirmed by the maturity paramete (Tmax < 424°C) implying that the coak hawe not
yet reachd the oil generatim window (Tmax arourd 435°C). A plot of Pl ard Tmax shows that the
coabk hawe not yet stated expelling the hydrocarbonsHydrogen Index (HI) isameasue of theamount
of hydrogen ard carba in the organic matter that can convert in to hydrocarbors per unit of organic
carbonDilli coak hawe HI values betwveen 245417 mg HC/Carg, indicating thatthe coak can genaate
both oil ard gas A plot of HI ard Tmax showstha the coak comprise of mixture of Type Il & Type lll
organt matter that can generate both oil and gas on attaining maturity. The plot also shows that coals
have not yet reached the oil geneation window and are still immatueto geneate significart amoun of
hydrocarbons.

Maturity paramegrs basel on saturated hydrocarban biomaker compoundlik e hopane/moetare,
norhopae/ normoretar ard diahopae/ notmoretar were determiné during the GC-M S analyss of
the bitumen extractal from coal Thes parametes show that the bitumen has geneated at very low
maturity level of coal.
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Distribution of C-C,, C-C , ard C ., componers in the pyrolysis product obtainel during
pyrolysisGC-MS andysis of coabk at 600°C show that these coab wil| geneate paraffinic, high wax
oil on attaining maturity. The mas chromatogram of masse 83 ard 85, correspondig to alkenes and
alkaneswas extracted from the totd in currert (TIC) chromatogram obtainel during above andysis.
The mas chromabgrans show thatsignificart amour of waxy comporentsare preseninthe pyrolysis
producs of coal The Gas Oil Geneation Index (GOGI, C -C, / C,,) for the coak is also quite low
(~0.12) Thisimplies that coak will mainly geneate waxy, liquid hydrocarbos with some amour of
gas.

Amongd the compounds n-octere, m-+p-xylene and phenoj generate during pyrolysis of coal,
the latter two constitue appoximately 90% Thes two compoung are derived from woody, lignin
containirg land plants i.e. vitrinite. Distribution of these compound shows that the coak are derived
from Type Il organc matte. The ratio m-+p-xylene / n-octere is usal for detemining the type of
kerogen Valuesmorethan 1.2 indicate Typell | kerogen ard valueslessthan 0.3 indicate Type| kerogen.
Thisratio ismorethan 1.5 for Dill i coals further corfirming thatthey predominany consis of Vitrinite
rich, Type Ill kerogen It can be corcluded that coak from Dilli River Section are comgised of
predominanly vitrinitic, Type Il organc matter that is too immature to geneate any hydrocarbons.
However, on attaining maturity, they will geneate significart amoun of waxy oil ard sone gas.

APPLIC ATION OF ISOTOPE RATIO ANALYSIS OF NATURAL GASIN SOLVING
OILFIEL D PROBLEM RELATED TO ANNULA R PRESSURE BUILDUP
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ABSTRACT

The problem of amular pressue buildup was obseved in several wells in OIL& hydrocarbon
producirg wells. This study was taken up to identify the soure of the casirg gas ard annuls gas by
correlating it with the gas normaly producel through the tubing, referred to astubing gas The correlation
was dore using compouil specfic stable carban isotope ratio of individuad componens of the gases.
Several parametes derived from the stable carba isotope ratio, &°C, of individua componerg of
natura gascan be useal to determirethe origin, maturity and biodegradation of the gas Furthe, biogenic
ard thermogent gase can also be differentiated using carba isotope values.

Natua gassampleswere collectal from six wellsfrom Nahakatiya, Samdag, Barekuri, Kusijan
ard Baghjan fields Gas samples collected from tubing, amulus ard casirg were andyzed usirng Gas
Chromatograph Isotope Ratio Mass Spectomete.

Detailed isotope ratio andyses of gase from differert wells has shown that
A Tubing, casig ard amulus gase for well Nahakatiya A are identical

A Tubing, casig ard amulus gase for well Samdag A are identical

™

Tubing, casirg and amulus gase for well Barekui A are identical
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A Tubing and casirg gase for well Kusijan A are identical Annulus gas for Kusijan A is a mixture
of tubing gas ard biogent metham generatd at shalbw depths Annulus gas from Kusijan B is
similar to tubing ard casirg gas from Kusijan A

A Tubing ard casirg gase for Baghjan A well areidentical Annulus gas for Baghjan A isamixture
of tubing gas ard biogenc methae generatd at shalbw depths.

The above resuls show that, in all the wells, the producel gas has reached the annuls either
throuch channelilg through the cemen betwea 520 ard 9]!0 casirg or the 5¥20 casirg is damagd at
sone point causiry the casirg gasto move to the amulus Further, for wells Kusijan A ard Baghjan A,
the 9]!0 casiry is also prokebly damagd at shalbw depths enablirg the mixing of the gas collectead in
the amulus with biogenc methar presen in the formation at shalbw depths.

9?7 * Casing 27" Tubing
?" Casing ‘Z
A N
- Tubing
Annulus el S Gas
Gas
A N
5%" Casing —
Casing Gas —p Cement
Perforated
= .. ZOne

A B
Figure 1: Design of a hydrocarba producirg well
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ABSTRACT

Gashydrates have atractel the explorationiss becaus of ther abundan naturd occurences
and huge enegy potential, and thus envisaged as a feasiblemajor eneggy resouce of future. The
bathymety, sedloor tempeature sedimentey thicknessrate of sedimendtion, geotherméagradient,
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