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Review Article

Kimberlites, Lampr oites, Lamprophyres, Carbonatites, otherAlkaline
Rocks, and Mafic Dykes from the Indian Shield: Glimpses of Research
(2012-2016)
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Major highlights of researches carried out on kimberlites, lamproites, lamprophyres, carbonatites, other alkaline rocks and
mafic dykes from the Indian shield during 2012-2016 are presented. New findings involving field mapping, petrology
geochemistry (including high quality mineral baseditu isotopic studies) and geophysics have provided remarkable
insights on the mode of their occurrence, timing of emplacement, mineralogy and bulk-rock composition, redox conditions,
relative contribution of the lithosphere and asthenosphere, as well as their economic potential. Several large-scale geodynamic
aspects such as plume-lithosphere interactions, ancient subduction events, layered structure of the sub-continental
lithospheric mantle, spatial extent of the Precambrian large igneous provinces and supercontinent configurations could be
unraveled from these studies on deep-mantle derived small-volume magmatic rocks.
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Introduction (Chalapathi Raeet al, 20123. The presence of

Th f £2012-2016 wi q b volcaniclastic (fragmental textured) facies kimberlite
€ pastfive years o ) witnessed a num erbelonging to the diatreme portion of the intrusion has

of research contributions on kimberlites, lamproites, ., brought out along with rarity of olivine

I:m.p()jropha/ res, ;:_arckl)oknatitesdandfp tzeir(alkaline rc;Cks'macrocrysts and groundmass diopsides. Low fO2 of
esides the mafic dykes and mafic dyke swarms fromy, o, kimberlitemagma ANNO (nickel-nickel oxide)

the diverse cratons and mobile belts of the Indian shield_ _; ¢ ~3.2), indistinguishablieom that of

These researches, invo_Iving diverse sub-disciplinesdiamondiferous kimberlites worldide, thereby
of petrology geochemistrygeochronology and

geophysics, have profoundly contributed to our
u;lorl]erstagleg of thebnatur(_e, comlplt_)rs]ltlonhanq evOIutl'onemplacement could, instead, have played a major role
of the underlying sub-continental lithospheric mantle. j, i 1oy diamond potentiaChalapathi Raet al,

Glimpses of some majc_)r high_lights involying some of 20123. TheWadagera kimberiite is the st pipe
these_ researches published in peer-rewewgd Journalﬁq a cluster discovered by De Beers during exploration
are discussed below under separate headings. in the Raichur field of the Eastern Dharwar craton
and has been dated at 1,083.8 + 5.3 Maff et al,
2013. The major element garnet mineral chemistry
Detailed petrography groundmass mineral represents adominant lherzolitic population. Diamond
composition and new buliock geochemistry data proxy composition garnets are rare or absent. The
for a number of kimberlites discovered by De Beers nature of the sub-continental lithospheric mantle at
Exploration from the Narayanpet field (NKF), Eastern Wadagera contrasts with that reported within the
Dharwar craton, southern India, are reported diamondiferou¥Vajrakarur kimberlites (further south)

indicating that redox conditions were favourable for
diamond prospectivity and that magmatic

Kimberlites
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and Banganapalle lamproite clusters (Cuddapah basinMa perovskites in the cluster show deplestﬁgim
(Lynnet al, 2013. The kimberlite near Undraldoddi values of 2.1 + 0.6 to 6.7 + 0.3 whereas the 90 Ma
(Raichur Kimberlite Field) of the Eastern Dharwar (TK-1) perovskites have enrichegdm values of -
Craton, has been identified asiffisitic kimberlite’ 6.3 £ 1.3As the Late Cretaceous age, within its error
(Daset al, 2013. It is primarily composed of of the younger (TK-1) kimberlite perovskites is
macrocrysts/microcrysts of abundant pseudomorphedndistinguishable from that of the Marion hotspot-
olivine, minor spinels, rare phlogopite, Cr-diopside and linked extrusive and intrusive igneous rocks from
abundant magmaclasts set in a cryptocrystallineMadagascar and India, it has been considered to be a
chlorite—phlogopite—diopside dominated interclast part of the Madagascar Large Igneous Province
matrix. Some of the xenocrystal phlogopite shows a(Chalapathi Raet al, 2016c; Fig. 1).

Group-I kimberlite trend, whereas a majority show
Group-1l kimberlite trend. The whole rock REE _ , X ) ,
patterns of these kimberlites show a Group-I kimberlite cohere_nt facies are Obseerd in the Pipe-2 kimberlite
trend.A remarkable similarity between Undraldoddi of Wajra_karur_flgld W.h'Ch are texturally an(_j_
kimberlite and the diamondiferous tuffisitic kimberlites geochemically d'St_'nCt' Dl_ﬁe_rencgs betvyeen aphanltlc
of Wesselton Mine, Soutifrica has been and macrocrystic varieties in their chondrite

demonstrateddaset al, 2013.

The two different intrusions belonging to

New U-Pb ages of groundmass perovskite
determined by secondary ion mass spectrometry for Madagascar
diamondiferous kimberlites from th&ajrakarur field
(WKF) gave ages ranging from 1099+12 Ma to
1129+12 Ma Chalapathi Raet al, 2013¢. The non-
diamondiferous kimberlites from the Narayanpet field
(NKF) gave ages ranging fronl23+17 Ma to
1141418 Ma. One kimberlite (Siddanpalle cluster)

from the poorly diamondiferous Raichur field has an '. 'r‘:‘:;if“ piume India
indistinguishable age of 1093+18 Ma. Despite their y 4 * y

contemporaneous ages, initfBrPeSr ratios of 53:2: gpd
Narayanpet perovskites are notably higher (0.70302— \ Madagascar LIP
0.70339) than those (0.70240-0.70255) from the
Wajrakarur Field. SimilarlythesNd(t) of Narayanpet
perovskite (+0.6 to +1.9) is relatively lower thaat

(+2 to +2.9) of thewWajrakarur perovskites and
provides clear evidence for the involvement of distinct
isotopic mantle sources for these different kimberlite
fields (Chalapathi Raoet al., 20139. The
diamondiferous to non-diamondiferous 500 km
Timmasamudram kimberlite clustéivajrakarur
kimberlite field, in the Eastern Dharwar craton of
southern India has been dated by U-Pb (perovskite)
method Chalapathi Raset al, 2016¢. Two kimberlite Fig. 1: A paleogeographic reconstruction map (after Reeves,
pipes from this cluster gave similar Mesoproterozoic 2014) showing the India-Madagascar reconstruction

at 88 Ma, the position of the Marion plume, and the
ages of 1086 + 19 Ma (TK_l) andIb + 12 Ma location of various ignheous rocks of that age (from

(TK-3). However a perovskite population sampled Storey et al., 1995, 1997Anil Kumar et al., 2001). CB
from TK-1 pipe gave a much younger Late = Cuddapah basin; SK = south Kerala dykes; NK =
Cretaceous age of 86.8 + 3.4 Ma implying multiple north Kerala dykes; AA = Agali-Anaikatti dykes; S =
kimberlite pulses in this cluster; the latter being St. Marys island volcanics; and K= Kunigal dykes.

. Radius of the circle of influence of the Marion plume
supported by field, petrography as well as bulk-rock is 1100 km (see Chalapathi Racet al., 2016¢ forall

geochemistryThe Nd-isotope composition oil@0 the above reference details)
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normalized REE abundance patterns can be explainettodomali orangeite from the Bastar craton, India are
by about 5% crystal fractionation of primary magma reported Chalapathi Raet al, 2013d. These data
(Dongreet al, 2014. Combined petrology and whole reveal: (i) the involvement of Proterozoic lithosphere
rock geochemistry including compatible and in the genesis of the kimberlites, (ii) coupling of the
incompatible element abundances and their ratioscontinental crust of the Eastern Dharwar craton and
confirm that Pipe 2 kimberlite intrusions are the underlying sub-continental lithospheric mantle from
archetypal Group | kimberlites and not lamproites. 2.5 Ga to at least 1.1 Ga, and (iii) its similarity with
Ti-rich garnets are reported in the groundmass of thethe emplacement age of large igneous provinces of
P-15 and KL-3 kimberlites from the diamondiferous similar age and magmatism in the Eastern Dharwar
Wajrakarur field in the Eastern Dharwar craton of and Bastar cratons (India), the Superior Craton
southern India@ongreet al, 201§. The Ti-rich (Canada) and the Kaapvaal craton (soutAétina).
garnets in the groundmass of these two kimberlitesHowever data from two of the kimberlite samples
are intimately associated with chromian spinels, (from Raichur and Narayanpet kimberlite fields)
perhaps suggesting that the garnet formed througlsuggest involvement of multiple sources (e.g.,
the replacement of spinel. Raman spectroscopysubduction, plume or metasomatised lithosphere) in
provides evidence for low crystallinity in the spinels their genesis. The lamproites from Dharwar craton
which is likely to be a result of their partial have very radiogenigOs values, similar to those
transformation into andradite during their reaction with displayed by the lamproites of the Italian peninsula,
a late-stage magmatic (kimberlitic) fluid. The close and indicate a source with elevated Re/Os, possibly a
chemical association of theserich garnets ifTiO,- subducted componer@alapathi Raet al, 20134.
FeO-CaO space with those reported from ultramafic
lamprophyres (UML) is also consistent with results , S
predicted by experimental studies, and possibly implies!orlmary mineral of petrogenetic significance preserved

a genetic link between kimberlite and UML magmas in the hydrqthermally altered, _crate'r-faf:ies,
(Dongreet al, 2019 NeoproterozoicX620 Ma)Tokapal kimberlite pipe

that intruded the Indwati basin, Bastar craton,

Based on mineral chemistry studies some of theCentral India.Two distinct spinepopulations have
previously studied kimberlites from tWgajrakarur been reportedIhalapathi Raet al, 2012¢: (i) finer-
field (Pipes 2, 5, as and 13), southern India, are regrained (<5Qim) microcrystsvhich are zoned from
interpreted to be lamproitesgurand Mitchell, 2013; titaniferous magnesiochromitechromite to magnetite;
Kaur et al, 2013; Mitchell and Kayr2016. and (ii) larger macrocryst&=400 pm) with cores
Composition of the liquidus phases and their having dstinctly chromium-rich (CJO3 up to 63.67
evolutionary trends, where applicable, such aswt%), andTiO,-poor (<0.68 wt%) compositions.
phlogopite, spinel, perovskite and pyroxene have beerF-rom their morphology and chemical composition the
deployed in these endeavodpweverthe published  macrocrysts are inferred to be disaggregated mantle
geochemical and radiogenic isotope data (for thexenocrysts and their compositional range extends well
minerals and whole-rocks) available for these rocksinto the diamond stability fielddhalapathi Raet al,
is more consistent with their nomenclature as 20129.
kimberlites and highlights the overlapping nature of _ . , .
these metasomatigedgmantle derivecFI) I:na%mas in this Geochemical studies on tfﬁekapal_ kimberlite
domain. Two new kimberlite occurrences have been SYSteM phote etal, 20,179’_; Chalapathi R_aet al.',
reported from thivajrakarur cluster (Pipe-1Bongre 2014 display str'ong affinities to GrOL_Jp Il kimberlites
etal, 2015t and from the Kalyandurg cluster (KI-7; from southerrAfrica and Central India as well as to

Mukherjeeet al, 2014 of theWajrakarur kimberlite ‘transitional kimberlites’ from the Eastern Dharwar
field and thé}r preliminary petrography and craton, southern India, and those from the southern

- ; Africa. A striking similarity in the depleted-mantle
geochemistry are provided. (Toym) Nd model ages of th&okapal kimberlite
First Re-Os isotope data for samples from system, Bastar craton, the kimberlites from NKF and
Mesoproterozoic kimberlite and lamproite occurrences WKF, Eastern Dharwar craton, and the Majhgawan
from the Eastern Dharwar craton and end-Cretaceousliatreme, Bundelkhand craton, with the emplacement

Widespread and abundant spinel is the only



518 N V Chalapathi Rao and Rajesh K Srivastava

age of some of the lamproites from within and aroundthose from the Mesoproterozoic and Cretaceous
the Palaeo-Mesoproterozoic Cuddapah basin,kimberlites and orangeites from the Kaapvaal craton
southern India, is highlighte€tHalapathi Raet al, (southernAfrica), Cretaceous kimberlites from the
20141. The ‘transitional’ geochemical features Sao Fransisco craton (Brazil), Ordovician kimberlites
displayed by many of the Mesoproterozoic potassic-from the North China craton and the Mesoproterozoic
ultrapotassic rocks, across these Indian cratons arsouthern Indian kimberlites from the Eastern Dharwar
inferred to be memories of the metasomatising fluids/ craton Chalapathi Racet al., 20143. Lack of
melts imprinted on their source regions during the unusually high abundances of PGE in the Mainpur
break-up of the supercontinent of Columbia orangeties as well as in the co-eval Deccan flood
(Chalapathi Raet al, 2014h. Garnierite (a general basalts and associated alkaline rocks implies that the
term referring to Ni-Mg bearing hydrous silicates in anomalous iridium enrichment reported at the K—Pg
laterites) has been reported from the crater-faciesboundary sections was not sourced from the mantle
Tokapal kimberlite of the Bastar craton, Central India. and likely originated from an extraterrestrial source
(Chalapathi Raet al, 2014¢. Garnierite occurs as (Chalapathi Raet al, 2014a.

discrete ovoid or amoeboid segregations (up to 200

mm) or as veinlets with up to 18.1 wt% NiO and high _ : )
iron contents (up to 36.2 wt% F&®ig. 2). Chemical oxygen isotopes are reported on eclogite xenoliths from

composition of the garnierite implies its derivation from the Mesoproterozoic KL2 and P3 kimberlite pipes of

a magnesium-rich protolith. Extensive lateritisation of the Wajraskarurr] k|mk|)e(r]:!te field, Eastelrn 2Dohlarwar
the large crater-facies (~2.5 km diameter) saucer-crat_qn’ ) outhern In |ap(opgre et a, S
shaped kimberiite under tropical weathering conditions, Equilibration temperatures indicate derivation from 4.5

aided by suitable topograptgrainage and favourable o 2'2(2'3336‘”(1911%62 t1? 1220 ggfor the IK L2;a_r|nples
structural set-up, are the factors inferred to be and o. a, or the sample. Similar to

responsible for the formation of garnierite in the many other eclogite suites worldwide, Wajrakarur

: Group 1 and Group 2 eclogite suites shows evidence
Tokapal systemGhalapathi Raet al, 20149. T . .
palsy P 9 for an origin, similar to that of the oceanic crust, which

Petrology and bulk-rock geochemistry of the was subducted and imbricated under the Eastern
Mainpur orangeites (Group Il kimberlites) and the Dharwar cratonongreet al, 2015. Physical and
composition of their mantle-derived xenocrysts are infrared characteristics of diamonds recovered from
presented@halapathi Raet al, 20133. The bulk- the Wajrakarur field, Banganapalle quartzites and
rock geochemistry of both the Behradih and Kodomali alluvial gravels of the Pennar and Krishna rivers have
pipes has a more fractionated nature compared tdeen investigatedRavi et al.,, 2013. Different
southermfrican orangeitesThe pyrope population thermal regimes recorded by these diamonds imply
in the Mainpur orangeites is dominated by the calcic- their derivation from differing depths. Some diamonds
Iherzolitic variety with sub-calcic harzbgitic and from the conglomerates and gravels show altogether
eclogitic garnets in far lesser proportion. Garnet REE different nitrogen characteristics possibly implying
distribution patterns from the Behradih and hitherto undiscovered primary kimberlitic sourBayi
Payalikhand pipes displaysmooth” as well as et al, 2013. On the other hand, a majority of the
“sinusoidal’ chondrite normalised patterriBhey diamonds from the Behradih orangeite, Batar craton,
provide evidence for the presence of a compositionallycentral India, are colourless, with a small population
layered end-Cretaceous sub-Bastar craton mantlepf light brown and pale yellow diamondddinkaret
similar to that reported from many other cratons al., 2013. The microdiamonds have experienced
worldwide. U-Pb dating of zircon xenocrysts from significant resorption after crystallization whereas the
the Behradih pipe yielded distinct Palaeoproterozoic macrodiamonds are mostly broken fragments, but
ages with a predominant age around 2,450 Maseveral grains exhibit identifiable octahedral or
(Chalapathi Racet al., 20133. Platinum group  dodecahedral faces. Infrared spectroscopic studies
element (PGE) concentrations of twelve bulk-rock on macrodiamonds show that of them belong to the
samples from the Behradih and Kodomali orangeites,|laAB diamondTlype and are similar to those reported
which are emplaced synchronously with the Deccanfrom major primary diamond deposits worldwide
flood basalts, are either similar or even lower than (Mainkaret al, 2013.

Major and trace elements as well as the first
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Fig. 2: Plane polarised light microphotographs of the garnierite and iron hydroxide/oxide grains under transmitted (A) and
reflected light (B) captured by CAMECA-SX100 EPMA. Back-scattered electron (BSE) images depicting the mode of
occurrence of the garnierite grains as amoeboid agggates (C) and as veinlets (D). (B3 high magnification BSE image
of a garnierite grain and its X-ray element mapping for Ni Ka (F), Fe Ka (G) and Si Ka (H) spectral lines depicting the
distribution of these elements (see Chalapathi Raet al., 2014c for details)



520 N V Chalapathi Rao and Rajesh K Srivastava

New palaeomagnetic and rock magnetic resultsLamproites
reported for 1.1 Ga Mesoproterozoic kimberlites from
the distinct fields ofWajrakarur (WKF), Narayanpet , o
(NKF) and Raichur (RKF) occurring within the tltanat_e, haylng_ a co_mposmon close to that of
Eastern Dharwar craton, southern India POt@ssium triskaidecatitanate K,0,;), has been

(Venkateshwarlu and Chalapathi Rao, 20These reported from an underground drill-core sample of
results suppor Mesoproterozoic closure age of the ultrapotassic rock from southwestern part of the Jharia

upper sedimentary horizons for the ‘Purana’ c?a:]negm thehDamodarvalléeatthe nlogrrll mg'?]
sedimentary basins and provide evidence for accretiorP! "€ Ilngz 0 ;m craton,_ astgrE r:j (a_apat g
of the northern and southern Indian cratonic blocks X20¢€t al, 201 B. Potassium triskaidecatitanate is

prior to 1.1 Ga. This work also concludes that in 1.1 regarded as a typomorphic mineral of orangeites

Ga palaeomagnetically based Rodinia reconstructions,(GrolJp Il Kimberlites) of Kaapvaal craton, southern

India occupies a lower palaeolatitudinal position, was Afrlca_l, and'lts occurrence In the Jharia uItrgpota;sm
much separated fromustralia and that East rock is attributed to its unique geodynamic setting

Gondwana very likely did not form an assembly until (involving a thinned metasomatised lithospheric mantle

the terminal Neoproterozoid/énkateshwarlu and 2"d inheritance of amrchaean subduction
Chalapathi Rao, 20)3 Using Ps (SV and SH) and component) at the northern margin of the Singhbhum

Sp receiver functionsDas Sharma and Ramesh craton Chalapathi Ra@t al, 2013l). Likewise, a
(2013) recovered depth images of the lithospheric Ba-Fe titanate and the unnamed titanosilicate minerals

mantle beneath southeast India encompassing th hat developeddfat the;llalst-stagg o:‘jclr(ysta;lklsatl_onNh?ve
Eastern Dharwar—Bastar cratons and the adjoining®S" reported from the lamproite dyke of Nonia Nala,

Eastern Ghats mobile belt. These images reveal th%ﬂrakar r']: ormatlg(r)l, (é‘a(_)rnhdwzn?kcoal f'i:mf[ra ?nd q
presence of two significant velocity anomalies of attacharya, 209 € bulk-geochemical an

contrasting nature at different depths beneath the Studyetro.graphllf ?haraCter'S“?S of thd? lélltraplt_) Fass;c
region.Das Sharma and Ramesh (op.citjferred gtru_swe_roc ds JLom_ préwo(l;syunstu d.'e otca |t|k;aS(_)
that the positive velocity contrasts at L-depth anigan) an aria soncwana sedimentary basins,

represent preserved oceanic remnants of a ca. 1 gamodar\/alley eastern India, are shown to be similar
Ga paleosubduction event in southeast India wherea® th0se of ultramafic lamprophyres and liquidus
the shallower anomaly represents a mid-lithosphericmlneral composmon are closer to that of Ia_1rr_1pr0|tes
discontinuity They concluded that the craton beneath (Chalapaglhl Rac?t al, 20149 ar|1(d are strl(;qfngly )
southeast India is underlain by a thick lithospheric root/ com_p?ra gto \L/Jétrapcr)fssml_rocTs Ir(epor'i: _romt €
keel in excess of 200 km, suggesting an environmentgen'zl_I reg|ond( Msteé ndato IaA ur e3|/_)' arlr:jyah
conducive to the stability of diamond. Regional SYNcliné and Mt. Bundey (Australia) and the
geophysical data, involving magnetic and gravitg Polayapalle, eastern Dharwar craton (southern India).

integrated with the local geology to understand thelnitial Sr—Nd_ i;otopi_c ratios of the_Damodb{aIIey
structural controls in the emplacement of kimberlites ultra_lpot.assm |_ntru5|ves are very different from those
in the Eastern Dharwar cratoWahi et al, 2013; of (i) k|mb9r||tes ar?_d OFar?g,e'teS from India and
Reddy 2014. Zones of intersection of geologically southermfrica a_nd .("). pnr_mtwe Keguelen plume
confirmed lineaments are recognized to be favourableco_m_ponent but indistinguishable frc_)m those of the
locii for the emplacement of kimberlitesthin (~80 pristine Kerguelen mantle plume derived basalts. The
Km) lithosphere-asthenosphere boundary beneath théjepleted mantle ) model ages (0.95-1.4 Ga ) of
eastern Indian craton has been interpreted from the'€ Damodavalley ultrapotassic rocks are strikingly
Magneto-telluric dataghalivaharet al, 2019 and similar to (i) those of the Deccan-age orangeites from

delamination during Himalayan orogeny has beenthe IBastar craton,1c§znlt£1aI6Ind|?,k'ar;Jd I('”) thed
invoked to account for the ‘lost’ lithosphere which emplacement ages (1.1-1.4 Ga) of kimberlites an

was in existence at least tilLZ Ma, when the lamproites from the eastern Dharwar craton, southern

ultrapotassic dykes of the Damodar valley were India (Chalapathi Raet al, 20149.

emplaced. The De Beersindia’s exploration discovered
of a number of dykes within the Cuddapah basin basin,

A rare accessory groundmass mineral of K-rich
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near Garledinne, with petrographical and geochemicalat the tectonic contact between the easternmost
similarities to lamproiteslpyet al, 2019. Far-field margin of the Bastar craton and Eastern Ghats Mobile
stresses related to the Eastern Ghats Mobile BelBelt, India, is shown to display kamafugitic affinities
(EGMB) are suggested to have provided extensional(Chalapathi Raet al, 2016. Its mineralogy strongly
sites during the time of lamproite emplacement. resembles a lamproigensu strictut its bulk-rock
Zircons recovered from heavy mineral stream major element geochemical characteristics (viz.,
samples in the area exhibit a number of age groupingsextreme silica-undersaturated nature) reseseisu
including one in the range of 1287-1370 Ma. This lato kamafugite fromToro Ankole, Uganda, East
age is interpreted as the emplacement age of the dyke&frican Rift, andAlto Paranaiba Province, Brazil.

in this region. Kimberlitic indicator minerals recovered 4CAr/3°Ar dating gave a plateau age of 1045 + 9 Ma.
from conglomerate waste dumps, indicate the Its depleted mantle (f,) Nd model age of 2.56 Ga
unigueness of the garnet population relative to that ofstraddle thérchaean-Proterozoic chronostratigraphic
the knownWajrakarur field kimberlite clusterstothe boundaryTheoverlapping geochemical characteristics
west of the basin. The possibility of these lamproites of lamproite and kamafugite (also displayed by two
representing the source of the diamonds in theother lamproites of the Nuapada fieldAablidadar
Banganapalle conglomerates was suggesheylet and Parkom) are related to the emplacement in a
al., 2013. Mineralogy petrology and geochemistry unique geological setting at the craton-mobile belt
of the Ramadugu (Eastern Dharwar craton) andcontact Chalapathi Raet al, 2016b).

Garledinne (Cuddapah basin) lamproites are closely
similar to other well-characterised lamproites

worldwide, including examples from the Eastern 20 4 al h b h
Dharwar Craton, Leucite HillajVest Kimberley 16 and also at the contact between the Bastar

Smoky Butte and LabradoChalapathi Raet al craton and Eastern Ghats Mobile b8liyanarayana

2014e; Chalapathi Rag al, 2016a) Their magmas Raoet al, 2013 and their preliminary petrography

have been derived from a metasomatised harzburgit(%r'gbmineral ii:_he(rjnistry Tgﬁ 4?;'36” rt)epprlzdsituh
within the garnet stablilty field. Geochemical modeling ~~ perovskite dates (124+4Ma) obtained on three

highlights a substantial involvement of the sub- samlplesdo_f ahnevaIy g'siovﬁxdl Ig_mp'r(;)lte_dyke
continental lithospheric mantle, apart from convecting emplaced in the Kutch rift, ndia, identify a

asthenosphere, in their genesis previously unknown and relatively young (Mid-
' ' Cretaceous) magmatic event in this part of India

Mineralogical, geochemical antfAr/3°Ar (Karmalkaret al, 2015. In situ analysis of Nd
geochronological data on hypabyssal facies lamproitedsotopes in perovskite yielded a meald=0.4+1 and
near Kalmidadar and Darlimunda in the Nuapadaa T,,, model age of 598+64 Ma, while in situ Sr-
Lamproite Field of the Bastar Craton, have beenisotope analysis gives a me#®rf5Sr=0.70388+2
carried out $ahuet al, 2013. Mineralogically the (2SE), corresponding t5r=8.648.3 and suggest a
Kalmidadar lamproite comprises phenocrysts of mixing between lithospheric-mantle and depleted-
olivine (pseudomorphed by calcite and talc) and mantle components. The lamproite has been
microphenocrysts of-rich phlogopite set in a suggested{armalkaret al, 2015 an earlier phase
groundmass of chlorite and calcite. The Darlimunda of rift related magmatism, different from the
lamproites have undergone pervasive hydrothermalemplacement of the melanephelinite—basanites and
and/or deuteric alteration, which has resulted in basalts that dominate the igneous activity related to
complete chloritisation of phlogopite and extensive the Deccan volcanism in the Kutch mainland.
silicification of the rocks. The genesis of the Nuapada
lamproites is consistent with 'the derivation_of the L amprophyres
magma from a metasomatised subcontinental
lithospheric mantle source. Whole-rot3Ar/3°Ar Petrology and geochemistry of a new find of
isotopic data for Kalmidadar and Darrimunda lamprophyre dykes, intruding the Precambrian
lamproites yielded an age of 1055 + 10 Nalfuet basement gneisses from the Chhota Udepur area,
al., 2013. An ultrapotassic (lamproitic) dyke from Narmada rift zoneWestern India, reveal several
Sakri (also from the Nuapada lamproite field) located overlapping characteristic features displayed by

Several new lamproite findings are recorded in
the Eastern Dharwar cratoKymar et al, 2013,
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alkaline- and calc-alkaline lamprophyr&h@lapathi  of ultramafic lamprophyre (possibly aillikitic) and
Raoet al, 2012. Their Th/Yb, Ta/Yb, Nb/U and  carbonatitic melts which ultimately crystallized as
Ce/Pb ratios imply an OIB type-enriched mantle dykes and plugsStivastava, 2013 Petrological and
source, similar to that displayed by Deccan-relatedgeochemical studies on an early Cretaceous potassic
lamprophyresA metasomatised (enriched) garnet lamprophyre dyke, exposed near Rongjeng, East Garo
Iherzolite mantle source with very low degrees of Hills, Shillong plateau, north-eastern India, indicate
partial melting that has subsequently undergone aits derivation from an alkaline magma comparable with
large degrees of fractional crystallisation is capablethose that filled the nearby Jasra potassic intrusion
of accounting observed bulk rock REE geochemistry (Srivastaveet al, 2016. However geochemistry of
(Chalapathi Raaet al., 2012B. Petrological and the Rongjeng lamprophyre is distinctly different from
geochemical characters of lamprophyre rock typesthat of the Damodafalley lamproites, the Sunglley
associated with mafic alkaline complexes, syenite carbonatitic-ijolitic intrusion, and thAntarctic
intrusions and basic dyke rocks of the Southernultramafic lamprophyres. The contrasting geochemical
GranuliteTerrain exposed within Salem, Dharmapuri, affinity is suggestive of heterogenous lithospheric
Krishnagiri and Namakkal districtsTTamil Nadu are  mantle sources, rather than input of plume-related
reported Jayabalaret al, 2015. Their major and  magmatism $rivastavaet al., 2015.

compatible trace elements reflect a mantle source

while the incompatible elements, HFSE and REE Carbonatites and Alkaline Rocks

reflect a crustal/subduction related source. The trace.l_he Newania carbonatite complex of India is one of

a?SszEEe e(l)in:zr;tizl uc;?taa ;UQh%Eztlz res ilg'tli?(le gzrr?detl’he few examples of dolomite-dominated carbonatites
P P ’ ! of the world. Itis also not associated with any alkaline

clinopyroxene in the protolith or source region. Ma.”y gilicate rock. New age data reveal that the complex

of these lamprophyres appear to have been derive .

in a tectonic setting dominated by earlier to was emplaced at ~1,473 Ma and parts of it were
affected by a thermal event at ~904 NRay et al,

mterme_dlate or progressive stages_ r_ela‘te_d .t02013). The Sr—Nd isotopic data suggest that the
subduction zones while the rest suggest rifting ‘within . o :
primary magma originated from a metasomatized

plate’ environment probably related to deeper mantlelithospheric mantle whereas the trace element

source Jayabalaret al, 2015. A new occurrence . :

. . modeling suggests that the source was a phlogopite
of alkaline lamprophyre (campronite) has been . L -
reported from the Bayyaram area of NE Eastern bearing mantle, located within the garnet stability zone

(Ray et al, 2013. In the end-Cretaceousmnba

Dharwar cratonNleshramet al 2015. Preliminary : o
. . . Dongar sub-volcanic complex, nephelinite plugs and
geochemical studies reveal the involvement of a _. )
subduction-related component in their genesis. dikes of_phonolltes were emplaced before the
carbonatites. The fenitizing fluids released from
Occurrence of carbonate-rich ultramafic carbonatite magma caused extensive fenitization in
lamprophyres- close to aillikite composition- from the nephelinites. On the basis of detailed mineralogical
Chitrangi area, Mahakoshal supracrustal belt, centraistudy three processes of fenitization, namély
India has been reporte8irfvastava, 20)3No direct metasomatism (formation of hydromuscovite,
genetic relationship between carbonatite andphlogopite and Kfeldspar), zeolitization and £0
ultramafic lamprophyre samples on the basis of theirmetasomatism along with hematitization are identified
chemistry could be established and hence they ardViladkar 20153. In melaphonolite of the Sarnu-
likely derived from distinct parental melts. Dandali, Badmer alkaline complex, NW India, high
Geochemistry and presence of carbonate ocellae ifBa- K-feldspar (sanidine) is reported as phenocrysts.
ultramafic lamprophyre samples suggest genesis ofCombined petrographic and electron microprobe
these silicate rocks and associated carbonatitestudies reveal the incompatible behaviour of Ba and
through liquid immiscibilityhowever possibility of their  its enrichment in the melt during crystallization of
derivation through vein-plus-wall-rock melting model magma Viladkar, 2015). A wide gamut of calico-
cannot be ignored. Early stages of rifting in the carbonatites with associated alkaline rocks are
Mahakoshal region due to lithospheric thinning causeddiscovered around Kamthai, Rajasth@hishan and
by possible plume activity is invoked for the genesis Kumar, 2013. Their main REE mineralogy includes
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carbocernaite, bastnaesite + ancylite/synchysite as thevhich is surrounded by a gravity and magnetic high
dominant phases followed by parisite and other of about 30 mGal and 350 y¥EspectivelyThe joint
accessory minerals. Calcio-carbonatite occurs asG—M modeling over the Pavagadh intrusive reveals
intrusive veins, sills/dykes and plug, and inferred to the presence of a deep-seated cone shaped high-
be a product of crystallization of a primary carbonatite density (3.0 g/c¥) gabbroic body which might extend
melt generated at upper mantke rift-related up to a great depttsSinghet al, 2014b.

mechanism, invoking “Reunion plume — continental
hot spot” at 65+2 Ma, that trigger@drtiary Deccan-
related alkaline magmatism has been invoked to
account its genesiBbushan and Kumar013;
Bhushan, 2016 Two petrologically distinct alkali _ )
feldspar syenite bodies from Chhotaudepur area,SOUthern India, has been reportetiglapathi Raet

: I., 2012d; Fig. 3 Incompatible trace element
Deccan Large Igneous Province are reported and® ) 5
variation discrimination diagrams involving major and signatures (high La/Nb, Zr/Nb and La/YBJSreSr

trace elements and their ratios demonstrate that thesg%goﬂ’?zﬁlo) and the IowerdNo! iso_topic; rﬁﬁgﬁ((t) e
alkali feldspar syenites have a shoshonite affinity but ~8-9) Of the apatite suggest derivation of the Racherla

emplaced in a within-plate and rifting environment syenite parent magma from an enrlched_mantle
(Hari et al, 2014. No evidence of crustal source. The obtained Mesoproterozoic age

contamination is perceptible from combined necessitates the Racherla syenite to be an intrusive
petrography and their trace elemental ratios. The'NtO the sed|mentary. rocks of thg Cudda_lpah Basin
enrichment of incompatible elements in the alkali contrary to some previous suggestion that it represents

feldspar syenites is suggestive of the involvement ofan inlier of the basement pluton. This findings provide

mantle metasomatism in the genesis of these syenitegoénge”ing evidence_ fo(rj tlhi exist:en_ce of arllcient (h
(Hari et al, 2014. A thin band ofTschermaks .6 Ga) metasomatized lithospheric mantle, at the

clinopyroxene (fassaite)-grandite-bearing calc-silicate Archaean—Palaeoproterozoic boundamneath the

skarn rock has been reported at the contact of theCUddapah Basirhalapathi Raet al, 2012.

alkaline plug and limestone sediments at the alkaline Rio Tinto Exploration has discovered an unusual
plug of Nirwandh in Patchaam Island, Kutchh district, diamondiferous carbonatite-kimberlite clan rock
Gujarat Maitra and Korakoppa, 201.2The alkaline  (KCR) association at Khaderpet in thaumpalle

plug is emplaced within the Jurassic limestone of Cluster of theWajrakarur Kimberlite Field in the
Patcham Formation.. The mineralogical and textural pharwar Craton of Peninsular Indigrgith et al.,

evidences point out that the skarn rock is evolved by
contact metamorphism due to fluid infiltration at

An in situ Sm—Nd isochron age of 1326173 Ma,
determined by LA-MC-ICP-MS on crystalline apatite
grains from the Racherla alkali syenite occurring in
the Palaeo-Mesoproterozoic Cuddapah Basin,

shallower depth during very high temperature regime —
(Maitra and Korakoppa, 2012A large number of

igneous intrusions related to the Deccan magmatism =
are exposed in the western and central part of the -

Indian shield. Gravity and magnetic (G—M) surveys

over some of these igneous intrusive bodies at*Nd °"¢
Pavagadh and Phenaimata bring out gravity high anc14Nd s,
bipolar magnetic anomalies as the most characteristic

05112

geophysical signatureSifighet al,, 2014}. Joint G— oo

M modeling of the Phenaimata complex reveals the o5t [nnma ’“Ndf'“m=0.510445t0.000069J
presence of a dense mafic body (2.86 glcm s
characterized by a remanant magnetization that may e an 0w OB @8 @ of 5 o
correspond with the 29R polarity chron of Deccan 147Sm/144Nd

magnetostratigraphyver the Pavagadh, a circular

gravity and magnetic low of about “15 mGal and Fig. 3: Nd |s-ot0p|c analyses (measured-by LA-‘MC-ICP-MS)
and isochron age of the apatite grains from the

500 nT respectively is reported for the first time Racherla syenite (see Chalapathi Raet al., 2012d)
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2013. The Khaderpet pipe has a discrete sovite phasélSOVSMOW = 7.5-8.7%o represent unmodified mantle
intrusive into KCR breccia, previously unreported from compositions. TheNd values indicate two groupings:
theWajrakarur kimberlite fieldThe chemistry of the  group one with positiveNd values, close to CHUR
Khaderpet ultramafic component, suggests the KCR(eNd = —-0.35 to 2.94) and the second group having
is transitional between kimberlite and ultramafic low-eNd negative values (-5.69 to —8.86),
lamprophyres whereas the significant carbonatecorresponding to depleted and enriched source
content and the presence of acces3ogndradite  components, respectivelyhe®’SrfeS, ratios of the
would lead to the KCR being classified as an high-=Nd group have loW’Srf®Sr. ratios (0.70161—
ultramafic lamprophyre under the IUGS classification. 0.70244) while the loveNd group shows higher ratios
The carbonatite component is considered to be a latef0.70247-0.70319A heterogeneous mantle source
stage fractionation product of the Khaderpet diamond-for the Hogenakkal carbonatites has been inferred
bearing ultramafic magmasith et al,, 2013. (Panditet al, 2016. Magma mixing process has been
Unusual high Mg-mafic dykes of alkaline to documented in syenite from théelagiri Alkaline
subalkaline nature have been reported from theComplex, South IndidRenijithet al, 2014. Evidences
Gadwal area of the Paleo-proterozoic Mahbubnagarsuch as (i) disequilibrium micro-textures in feldspars,
Large Igneous Province, in eastern Dharwar craton,(ii) microgranular mafic enclaves (MME) and (3)
southern Indiakhannaet al, 2013. These dykes synplutonic dykes signify mixing of shoshonitic mafic
are neither deformed nor metamorphosed, and theynagma with the syenite have been brought out and
exhibit well-preserved igneous textures and haveYelagiri syenite magma chamber has been inferred
uniform geochemical compositions with ocean island to have evolved through multiple physical processes
basalt-like characteristics. Numerical calculations like convection, shear flaverystal accumulation and
suggest a melt segregation temperature of ~ 1390 °Gnagma mixing Renjithet al, 2019. Two alkaline

at 2.2 GPa corresponding to an estimated depth oplutons - théngadimogar syenite and the Peralimala
~ 71 km. Geochemical modelling indicates low- alkali granite in the southern granulite terrane were
percentage partial melting (~ 2%—6%) of a peridotitic studied through field, petrological, geochemical, zircon
mantle source in the garnet + spinel stability field. The U-Pb and Lu—Hf studiesSéantostet al, 2019. The
Gadwal alkaline dikes evolved from a common weighted mears®PbA38U ages of the magmatic
parental magma as a consequence of the partiatircons from three samples of tAegadimogar
melting of a metasomatised subcontinental lithosphericsyenite are in the range of 781.8 £ 3.8 Ma to
mantle by adiabatic upwelling of an asthenospheric798 = 3.6 Ma and those from two samples of the
plume source and are expressions of lithosphericPeralimala alkali granite have ages of 797.5 £ 3.7 Ma
thinning and extensiofiKhannaet al, 2013. and 799 £ 6.2 Ma — all of Cryogenian age. The Lu—
Hf data suggest the involvement of variable extent of
) '~ older crust with distinct crustal residence times during
been carried out on the Khamambettu carb(_)natltesthe magma genesis. The disposition of these alkali
southern granulite terrane, southern India. Theplutons along two paleo sutures that weld the Meso-

aneraloglcaftl ?ta pomtstput tg":‘t t:e":ﬁ rockls thaveNeoarchean crustal blocks in the northern periphery
€en generated in magmatc and hydrotnermal slag€ys o thern granulite terrane suggests that these zones

Whereas the mineral geothermometry for_ca@rbona}titeOf emplacement might represent an aborted rift
gave temperatures of 790°-980°C, the fluid inclusion (Santostet al, 2014).

measurements in monazite (hydrothermal stage) gave ’

temperatures of 220°-290°Byrtseveet al, 2013. Microtextural evidence of fenitization has been
U-rich pyrochlore has been reported from the documented at the 1.48 Ga Khariar alkaline complex
Sevathur carbonatite complex, southern Indiadkar in southeastern IndidJpadhyay 2012. Typical

and Bismayer2014 and a metamict origin has been metasomatic textures such as the replacement of
suggestedPanditet al (2016)carried out stable and plagioclase by vein nepheline and albitic-plagioclase
radiogenic (Sr and Nd ) isotopic study on the 2.4 Gaor by symplectitic nepheline + albite + Na-Al-rich
Hogenakkal carbonatites, emplaced within the clinopyroxene are observed. Whole rock mass balance
southern granulite terrane, Their C- and O-isotopic calculations indicate that the fenitized variants gained
ratios P¥C,ppg =—-6.7 to -5.8% and alkalis (Na+ K), some large ion lithophile elements

Mineralogy and mineral chemistry studies have
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(Sr, Rb and Ba) and high field strength elements like high fO, (Hematite-Magnetite buffer). Presence of
Zr and Hf during the metasomatic exchanges. Theseupto 15.34 mol% of jadeite component in aegirine
results indicate that alkali and alkaline elements weresuggests that the metamorphic grade of the nepheline
exchanged freely between the fluid phase and thesyenite gneiss reached at least to greenschist-
reaction zone whereas Si aAtlreleased during amphibolite transitional facies or even higher which
plagioclase dissolution were consumed in the is supported by the nepheline geothermometry which
replacement zone to form nepheline and albite-richbrings out temperature of metamorphism <500°C
plagioclase or Na-Al-rich clinopyroxengadhyay (Goswami and Basu, 20L3

2012. A new occurrence of thorianite from syenitic . _

pegmatite near Bhaluchuan, Sambalpur district, ~ Mineralogy and geochemistry of the Jasra
Odisha, has been reportegifgh et al., 2014a. intrusive complex (Shillong Plateau, northeastern
Chondrite-normalised rare-earth element (REE) plot India) has been documentéddlusoet al, 2013.

of the thorianite reveals enrichment of light REE Their mineralogy is dominated by clinopyroxene with
(LREE) over heavy REE (HREE) with pronounced which phlogopite, olivine, amphibole, feldspars,
negative Eu-anomaly (Eu/Eu* = 0.35). X-ray feldspathoids, oxides, orthopyroxenes, perovskite,

diffraction (XRD) pattern of the thorianite reveals an titanite and other accessory phases are variably
extensive substitution of Th by U. associated. Involvement of at least two distinct

magmatic liquids is documented. The potassic affinity
An alkaline-carbonatite complex comprising of the Jasra rocks s from the nearby Suiglley

alkali pyroxenite, nepheline syenite, phoscorite, jjolitic-carbonatitic complex and from the ultrapotassic
carbonatite, syenitic fenite and glimmerite along with |amproitic rocks of the Damod#alley, and suggest
REE and Nb-mineralization are found at different a major variability in the mantle sources of these small-
centres alongVNW-ESE trending South Purulia  volume alkaline volcanism in the Early Cretaceous of
Shear Zone (SPSZ) in parts of the Mesoproterozoicnortheastern Indiafellusoet al, 2012. Nd—Sr—Pb-
Singhbhum Group of rockB@su and Bhattacharya, isotopic and trace element data on discrete lava flows
2019. The carbonatite is composed dominantly of of the Rajmahalraps, alkalic—carbonatitic—-mafic—
Sr-calcite along with dolomite, tetraferriphlogopite, ultramafic rocks from four alkalic complexes, and
phlogopitic biotite, aegirine augite, richterite, three dikes from the Gondwana Bokaro coalfields, all
fluorapatite, altered magnetite, sphene and monazitepelonging to the Rajmahal Flood basalt Province are
The minerals comprising of the carbonatite are reported Ghatak and Basu, 201L3This new data
indicative of middle stage of carbonatite development. show similarity with previous data of Rajmahal group
Pyrochlore containing U9(6.605%) and PbO ||| basalts, Sylhefraps, Bunbury basalts, and lavas
(0.914%) in nepheline syenite has been chemicallyfrom the southern Kerguelen Plateau, indicating a
dated at 948 + 24 M&g@su and Bhattacharya, 2015  relatively primitive KP source. Geochemical modeling
The eudialyte-group of minerals (EGM) is one of the indicates these lavas assimilated granulites of the
most important index minerals of the peralkaline Eastern Ghats, reducing the thickness of the
(agpaitic) nepheline syenites and in India, the only continental Indian lithosphere. Lack of an
agpaitic nepheline syenite gneisses of the Sushina Hillgsthenospheric MORB component in the Rajmahal
region are known to contain both late-magmatic asprovince is indicated by various trace element ratios

well as hydrothermal eudialyte€tfakrabartyetal,  aswell as the Nd-Sr isotopic rati@hatak and Basu,
2012. Compositionally these are eudialytes and are2013.

comparable to the similar such occurrences at
llimaussaq (Greenlandjamazeght (Morocco), Mont-
Saint Hilaire (Canada) and PilansipéBouthAfrica;
Chakrabartyet al, 2012).The detailed textural Since 2012, a number of significant publications on
features together with mineral chemistry studies of the dykes and dyke swarms of the Indian shield have
the nepheline syenite gneiss from the Sushina Hillbeen appeared in many refereed journals and, with
indicate metamorphic overprint of these rocks age constraints, may be divided into two groups: (i)
(Goswami and Basu, 20L3/etamorphic piemontite ~ Phanerozoic mafic dykes and (ii) Precambrian mafic
indicate greenschist facies metamorphism underdykes.

Mafic Dykes and Dyke Swarms
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(i) Phanerozoic Mafic Dykes A number of early Eocene andesitic dykes
(younger to the Deccan tholeiitic dykes), intruding the
Studies on mafic dykes associated with the DeccanLadakh batholith from 10 to 50 km west of Leh (NW
Large Igneous Province are dealt in detail in a paperindia), have been studied to determine the extent and
on the ‘\Wblcanism and associated igneous activity’  timing of dyke formation related to possible E-W
this volume.A few important findings have been extension along the southern margin of Eurasia during
summarized herelwo distinct Cretaceous mafic Early Cenozoic timeHeriet al, 2015. Hornblende
dykes have been identified from the Damodar valley grains, separated from these dykes, were dated by
within the Chhotanagpur Gneissic Complex at the “°Ar—3°Ar incremental heating method which gave
northern-most margin of the Singhbhum craton, ages between 50 and 54 Mteriet al (2015)further
eastern IndiaSrivastaveet al, 20143. On the basis  stated that structural field evidence with petrographic,
of distinct petrographic and geochemical isotopic and geochronological data demonstrates that
characteristics, these authors have classified them int@lthough these dykes having formed in the same
high-Ti dolerites and low-iTdolerites; both derived tectonic setting around the same time they did not
from two distinct mantle melts. It is believed that the form from a single, progressively differentiating
high-Ti dolerites are emplaced #0-115 Ma and the =~ magma chambebDefinitely, there are other processes
low-Ti dolerites later at ~65 Ma. Geochemically they such as crustal assimilation and magma mixing/
show their relation with the plume activity with the mingling, also played a significant role in magma
high-Ti dolerites having difity to the early Cretaceous petrogenesis.
Kerguelen plume, whereas the low<olerites are Ny _ _
probably associated to the late Cretaceous Reuniori) Précambrian Mafic Dykes

plume activity The Chotanagpur Gneissic Complex  considerable work has been done on the Precambrian
is perhaps the only geological domain in the entire yafic dyke swarms of the Indian shield in the last
Ind_lan shield which hosts the early Cretaceous e years; particularly from the eastern Dharwar
Rajmahal as well as the late Cretaceous Deccarginghbhum, Bastar and Bundelkhand cratons. These
igneous activitiesrivastavaet al, 20144. Archaean cratons are thought to be integral parts of
_ the many Precambrian supercontineBtmét, 2014
Shethretal (2014)have studied late Cretaceous pistinct Palaeoproterozoic mafic dyke swarms are
tholeiitic dykes (and flows) exposed in the Ghatkopar—ye|| exposed in the eastern Dharwar craton
Powai in the Panvel flexure zone, western Deccan(syivastavaet al, 2015 and references thergin
Traps for their geochemical characteristithey  avajlable U-Pb/Pb-Pb mineral ages on these dykes
believe that the dykes are post-Panvel flexure. Fewhe|ped to identify five discrete mafic magmatic events
mafic dykes have geochemical signatures similar toj the eastern Dharwar craton. This includes (i) the
the Ambenali Formation of th&Vestern Ghats, NE_SW to E-W trending 2.36-2.37 Ga Bangalore
whereas other few show partial (e.g., Sr—Nd isotopic) swarm Kumaret al, 20122 (i) N-S to NNW-SSE
similarities to the Mahabaleshwar Formation. trending 2.21-2.22 Ga Kunigal swarSrivastavaet
Additionally, a group of mafic dykes have unusual, g1, 2014, (jii) NW-SE toWNW-ESE trending ~2.18
concave downward REE patterns, which may indicateg g Mahbubnagar swarm (iv) newly identified N-S to
residual amphibole and thus a lithospheric source.NNE-SSW trending ~2.08 Ga Devarakonda swarm
These dykes are inferred to have undergone no Ofkumaret al, 2015, and (v) 1.88-1.89 Ga NE-SW
little contamination and structural trends of the dykes o - trending Bastar (BD2)-Dharwar swarm along
indicate considerable east—west lithospheric extension,ith mafic sills of the Cuddapah basin (i.e. the Bastar-
during this late, though still magmatically vigorous, pharwar LIP;Srivastavat al, 2014c and references
stage of Deccan volcanisi8f{ethet al, 2019. The  thereir). Geochemical characteristicSrivastavaet
mafic dykes associated with the Sarnu-Dandali 5] 2014b, 2014c, 20)5nd paleomagnetic data
complex, NWDeccanTraps, are shown not to be (Kumar et al, 2012a, 2012b, 2015; Beliet al,
controlled by basement structure, but related 102014 on these Paleoproterozoic mafic dykes are also
contemporaneous, late Cretaceous regional ENEpresented in a number of recent publications.
WSW extensionVijayanet al, 2018. Geochemically all these distinct Plaeoproterozoic
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mafic dykes show different geochemical other recent contributions, mostly based on
characteristics and fed from distinct mantle melts palaeomagnetic, geochemical and geochronological
(Srivastavaet al, 2019. Srivastavaet al (2015) data, evidently support, with some modification,
suggested that the ~2.37 Ga swarm was fed from axistence of the Columbia supercontinent and the
melt originated at a shallower level (within the spinel Dharwar craton as a part of it (eMilssonet al,
stability field) by ~15-20% melting of a depleted 2013; Belicaet al, 2014; Pisarevsket al, 2014;
Iherzolite mantle source, whereas ~ 2.21Ga, ~2.18Ravi Shankaet al, 2014. Kumar et al (2012a,

Ga and ~1.89 Ga dyke swarms may have been fe®®012b, 201bhave also presented paleomagnetic data
from melts generated at greater depth (within the on the Dharwar giant dyke swarms and suggested
garnet stability field). The ~2.21 Ga swarm is derived different views.

from a melt generated at a relatively higher degree of

melting (~25%), whereas ~15-20% melting is
estimated for the ~2.18 Ga swadrlow percentage

of melting (~10-12%) is estimated for the ~1.89 Ga
swarm.

Paleomagnetic studies on 2.37 Ga swarm
suggest that India was located at high (~69°) southerly
latitudes and can be matched with the 2410-2418 Ma
Widgiemooltha swarm of westefustralia that had
high southern latitude&K(maret al, 20124. This

Recently a special issue of Precambrian suggests possible continental configurations involving
Research on ‘Precambrian Supercontine®=ss6nen  Australia and India at ~2.4 Ga. On the other hand,
et al.,, 2019 incorporated a number of papers paleomagnetic studies on the ~2.21 Ga swarm of the
describing Precambrian supercontinents, in whichDharwar craton has coeval poles from the Slave,
different IndianArchaean cratons were considered Superior and Rae provinces and allows a
an integral parts of these supercontinents. ThesdPaleoproterozoic reconstruction of these cratons,
assumptions are mostly based on the high-qualitythough they are not sure whether the Dharwar was
paleomagnetic results from various Indian cratons.part of Sclavia or SuperidK(imar et al, 20125).
Belicaet al (2014)have reviewed the drift history of However in a recent publicatiolumaret al (2015)
Dharwar craton during Paleoproterozoic times (2.37—have suggested that a reconstruction of the
1.88 Ga), which provided four new key poles for India paleopositions of Dharwar and Superior at ~2080 Ma
(Dharwar). The position of India in the Columbia does not suggest a close proximity for these provinces
supercontinent has also been discusBetidaet al., at that time. On the basis of new paleomagnetic and
2014; Pisarevsket al, 2014. Radhakrishnat al geochronologic results from the Dharwar craton,
(2013a)have also provided palaeomagnetic data onBelicaet al (2014)have presented a Paleoproterozoic
the Palaeoproterozoic mafic dykes in the basementApparent PolaWander Path (APWP) for the
along the margins of the Cuddapah basin, southerrDharwar craton, and examine paleogeographic
India. They constructed an apparent polar wanderrelationships between India and other cratonic blocks
path for the Indian shield for a ~600 Ma interval of forthe 2.37—1.88 Gatime interval. In a recent reyiew
the Palaeoproterozoic eon (2.45-1.85 Ga).based on available geochemical and geochronological
Radhakrishna&t al (2013a)suggested that between data,Srivastavaet al (2015)have believed that the
2.45 and 2.37 Ga, the Indian shield was situated aDharwar and Nortitlantic cratons coexisted at
higher latitudes similar to th¥ilgarn craton of ~2.37 Ga and no similar event is reported for any
Australia and was subsequently located near theother craton. Global occurrence of the ~2.21 Ga mafic
equator at 2.22, 2.18, 1.99 and 1.86 Ga. On the basimagmatic event suggests breakup of the
of their new palaeomagnetic data they do not supportsupercontinent Superia, which accommodated the
Slave-Dharwar connection in “Sclavia” or a Superior— Dharwar Superioy NorthAtlantic, and Slave cratons
Zimbabwe—India connection in “Superi#lso the and possibly other cratons. It is difficult to establish
close palaeomagnetic comparison between theany reconstruction for the ~2.18 Ga mafic magmatic
Palaeoproterozoic dykes of Dharwar—Bastar— event as this age is not known from other cratons.
Bundelkhand cratons in India does not support Because the ~1.88—-1.90 Ga mafic magmatic event is
juxtaposition of the Indian shield along the western recorded globally it is not very useful for
margin of Laurentia in the Columbia reconstructions reconstructionsSamalet al (2015) have studied
(Radhakrishneet al, 20133. However there are  cross-cutting field relationships of distinct
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cross-cut a NNW-SSE dyke. It provides an evidence
for existence of a new set of mafic dykes that is older
. : » to the ~2.21 Ga and probably younger to the ~2.37
Loation:1 rpre———" T Ga swarm. This work also supports existence of two
mafic dyke swarms having similar trend (ENE-WSW
to NE-SW) but emplaced in two different ages, i.e.
~2.37 Ga and ~1.89 Ga.

Not much has been done for the western
Dharwar craton and the Southern Granuligerain
(SGT) in recent years; howeyéney have a shared
history of mafic dyke emplacement and related
magmatism as observed in the eastern Dharwar
craton. Dash et al. (2013) have presented
. Google paleomagnetic data on the 2.32 Ga mafic dyke swarm

: from the northeastern SGT and suggested that the
‘Northern Block’ of SGT was contiguous with the
Dharwar craton at 2.32 Ga ago and consequently the
high-grade rocks in this region could represent the
deeper section of the Dharwar craton. The available
palaeomagnetic data along with the present studies
yield paleo-pole position which places India at high
latitudes (~66) during early Paleoproterozoic, similar
to the paleomagnetic data obtained for the 2.37 Ga

Fig. 4: Google™ earth images of different locations near mafic dyke swarm of the eastern Dharwar craton
Devarakonda area showing cross-cut relationships (Kumaret al 20123_

between distinct Paleoproterozoic mafic dykes (after

Samal et al., 2015). Different emplacement trends and The Bastar craton also contains a number of
diometric ages of mafic dykes are defined b . . . .

Ziaifferent coIo?Jrs. Blue: D1 (}I:IE—SW);YEHOWZ D2y maflc magmatic events dgrlng Precqmbr.lan, mOStIy

(WNW-ESE); Red: D3 (N-S); Black: b4 (\w-sg). N @ form of dykes trend in NV8E direction, and

Location 1: D3 cuts D4; Location 2: D2 cuts D4;  Studied earlier by many worker&lthough, early

Location 3: D1 cuts D3; Location 4: D2 cuts D3 and Precambrian mafic dykes are well exposed in the

D4; Location 5: D1 cuts D3 southern parts of the Bastar crat@riyastavaet

al., 2019, they have also been encountered in the
middle (Srivastava and Gautam, 201&nd the

Paleoproterozoic mafic dykes from Devarakonda areanorthern Pisarevskyet al, 2013; Srivastava and
in the eastern Dharwar Craton with the help of Gautam, 201pparts of the Bastar cratdpisarevsky
Google™ earth image analyses aftGIS™ et al. (2013) have presented paleomagnetic,
technigue to establish relative emplacement ages (segeochronological and geochemical data on the ~N-S
Fig. 4 and mapping of mafic dykes (séd&g. 5). trending Mesoproterozoic Lakhna dykes from the
Perhaps this is the first genuine attempt to introducenorthern Bastar craton. Petrographically and
mafic dyke map usinércGIS technique for any geochemically Lakhna dykes show variation from
region of India. They have suggested that NE-SW alkaline (trachyte), felsic (rhyolite) to mafic (dolerite)
trending mafic dykes are youngest in age (probablyderivatives. They have also dated zircon grains from
belong to ~1.89 Ga dyke swarm), whereas NNW-a rhyolite dyke by U-Pb method and placed it at
SSE trending mafic dykes have oldest emplacementl465+3 Ma. On the basis of their data, they tested
age. Furtherthe NNW-SSE mafic dykes are older reconstruction of supercontinent Columbia and
to the other two identified mafic dyke swarms, i.e., suggested that juxtaposing western India against south-
WNW-ESE (~2.18 Ga) and N-S trending (~2.21 Ga) west Baltica is geologically the most reliably
mafic dyke swarms, as dykes of these two swarmsconstrained and best fitting model. This reconstruction

Location:-4 Location:-5
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B  Froterozoic Basin

I Archean Peninsular Gneisss and Undivided Granites

- DeccanFlood Basalt

Fig. 5: Map showing Paleoproterozoic mafic dykes of northern parts of the eastern Dharwar Craton (after Samat al., 2015),
based on published dyke maps (e.g., Halls 1982; Murthy 1987; Radhakrisharea al. 2007, 2013a; Frenchet al. 2008;
French and Heaman 2010), field data, Google™ ethrimage and ArcGIS™. Blue colour: NE-SW Yellow: WNW-ESE;
Red: N-S; Black: NW-SE

implies a long-lived nearly linear Palaeo- to different mantle melts and emplaced in a stable
Mesoproterozoic mega-accretionary orogen alongcontinental rift tectonic setting. The available
south-eastern Laurentia, south-western Baltica andgeological, geochemical and geochronological data on
eastern India. On the basis of new geochemical datahe four identified sets of mafic dykes from the
on the early Precambrian mafic dykes from the northern Bastar craton, also supported their relation
northern Bastar cratoBSyivastavaet al (2015)have to the assembly and break-up of Columbia
identified four distinct dyke swarms. It includes (i) supercontinent. The southern and central parts of the
NW-SE trending Paleoproterozoic (~2.7? Ga) North Bastar craton comprise three NS trending mafic
Bastar swarm, ENE-WSW trending Paleoproterozoic dyke swarms viz. ~2.7 Ga BD1, ~2.4-2.5 Ga BN,
Dongargarh-Chhura swarm, ENE-WSW trending and ~1.88-1.89 Ga BD2 swarmSrivastava and
~1.42 Ga Bandalimal swarm, and N-S trending 1.44 Gautam, 2012; Srivastaefal, 2016 and references
Ga Lakhna swarm. These authors have furtherthereir). The 2.4-2.5 Ga (early Paleoproterozoic) BN
suggested that all the four sets are derived fromswarm shows high-Si high-Mg nature and identified
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as boninite-norite swarm, emplaced in an intracratonicet al. (2012) have presented global paleogeographic
setting. maps for India at 1.1 and 2.0 Ga using these
_ _ ) paleomagnetic poles. These new paleomagnetic
Srlvgstr?va and Ernst (20_131;29 S'Fuql'ed anclid results from the ~2.0 Ga NW-SE trending
compared these BN swarm with the similar world- Pundelkhand dykes and the paleomagnetic data from

wide occurrences a_nd suggested tha’F the _timing %he Bastar/Cuddapah suggest that the North and
BN mggmatlsm 'S. I|nI_<ed to crustal thickening and South Indian blocks of the Peninsular India were in
associated cratonization at the end ofAhghaean. close proximity by at least 2.5 Ga

Prior to this cratonization event an extensive extraction
of mafic magma developed refractory mantle, which, The Singhbhum craton of the eastern Indian
at later stage, was metasomatised by subductiorshield consists of two major crustal provinces viz.,
associated with the assembly at ca. 2.7 Ga of manyChotanagpur Gneissic Complex (CGC) and Singhbhum
Archaean cratons. This modified mantle was provided Granite Complex (SGC); separated by a Singhbhum
bonintic melt due to arrival of mantle plume during Mobile Belt (SMB). There are a number of geological
Neoarchaean-Paleoproterozofrivastavaet al evidences suggesting that CGC is a cratonic block
(2016)have presented further lithogeochemical and rather a mobile bel§rivastavat al, 2012; Chalapathi
Nd-isotope and on these BN swarm. They haveRaoet al, 2014d. Ravi Shankaet al (2014)have
identified three types of early Palaeoproterozoic high- dated baddeleyite grains extracted from two prominent
Si high-Mg mafic rocks, mainly emplaced as dykes in dykes from the WNW-ESE trending swarm in the
an extensional tectonic setting, in krehaean Bastar  south central region of the SGC using Pb—Pb method
craton, which are not co-genetic and classified aswhich yielded identical ages of 1766.2+1.1 Ma and
high-Ca boninites, high-Mg norites, and high-Mg 1764.5+0.9 Ma; interpreted as the time of
diorites. Nd-isotope data indicate that the high-Mg emplacement of the WNW-ESE trending mafic
norite and the high-Mg diorite rocks have similar dykes. This study also suggested that the Singhbhum
143NdA4Nd, ., ratios, whereas the high-Ca boninites craton was probably part of the supercontinent
have lower 143Nd/*4“Nd, ..., ratios. These Columbia as similar mafic magmatic activities were
geochemical and isotopic features suggest that thealso recorded from Chin&ustralia, Brazil and
three dyke types have different petrogenetic histories.Uruguay Geochemical compositions of some mafic
The T,,, model ages also support their distinct origins and ultramafic dykes from the Chaibasa area of the
as the high-Mg norites and high-Mg diorites yield SGC have been determined to constraints their magma
younger T,,, model ages, between 2565 Ma and 2970 sources Mir and Alvi, 2015). They suggested that
Ma, relative to the high-Ca boninites (3395-3612 Ma). mafic and ultramafic dykes do not have any genetic
. relationship and derived from different mantle melts;
Radhakrishnaet al. (2013b) presented

) the ultramafic dykes are derived from a higher
paleomagnetic data on the Bastar as well as

Bundelkhand cratons and suggested that there is gercentage of melting than the mafic dykes.

strong correlation between the characteristic A number of ENE-WSW to E-W trending
remanence (ChRM) and palaeopole data across th€aleoproterozoic mafic dykes are also encountered
cratons within the Indian shield. The distinct groups from the Mahakoshal supracrustal belt of the Central
of palaeomagnetic pole determinations from dykes of Indian Tectonic Zone (CITZ) rivastava, 2012

the Bundelkhand and Bastar craton exhibit a Geochemical compositions of these dykes divide them
remarkable match with palaeomagnetic poles into two groups derived from two distinct mantle melts.
determined from Precambrian mafic dykes in the On the basis of available geological and geochemical
Dharwar craton suggests close proximity since 2.45—-information,Srivastava (2012)as concluded that this
2.5 Ga. On the basis of paleomagnetic andregion has experienced N-MORB type mafic
geochronological data two major mafic dyke swarms magmatism (presently in the form of metabasite
are identified in the Bundelkhand craton. These includedykes) around 2.5 Ga and within-plate mafic
the NW-SE trending ~1.98 Ga Bundelkhand swarm magmatism around 1.5-1.8 Ga (metadolerite dykes
and ENE-WSWto NE-SWtrending ~1.1 Ga and probably other alkaline and carbonatite magmatic
Mohaba dyke swarnPfadharet al, 2019. Pradhan  rocks).
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Mafic dykes intruding the composite Mtbu availability of high precision mineral ages using the
granite batholith as a minor and the last phase ofstate-of-the-art techniques (viz., LA-ICP-MS), the
magmatism are intensely to moderately sheared andpplication of multi-element isotope systematics and
intricately mixed with the host granitoidBgnditet integration of the geological/geochemical data with
al., 2016. The mafic dykes bear evidence of paleomagnetism and geophysics has provided new
assimilating the host granitoids during their ascent, insights on the evolution of the continental lithospheric
seen as relicts, streaks and sub-rounded K-feldspamantle beneath the Indian shieddnumber of lage
clasts in mafic dykes. The hybridization has resulted igneous provinces have also been recognised which
in unusual geochemical signatures of the mafic dykesled to a better understanding of the supercontinent
e.g., higher silica levels, erratic and high incompatible amalgamations and break-ups during the Precambrian.
trace element abundances and lack of any systematic
trends. Shearing has played an important role inAcknowledgements
providing the channel ways and for sustained high\ye thank Profa.K.Singhvi (Physical Research
temperatures to allow such hybridizatidraditet | 5poratory) and other members of Indian National
al., 2019. Committee for IUGS and INQUA (2016-2020) for
their kind invitation to contribute this articM/e have
made a sincere effort to incorporate and discuss as
From the above documentation it is clear that in themany references as we can and omissions, jfaay
past five years a huge new data base on kimberlitesinadvertent. NVCR thanks DSIERB for funding
lamproites, lamprophyres, carbonatites and other(IR/S4/ESF-18/201) whilstRKS thanks funding by
alkaline rocks and their entrained xenoliths as well asDST (SR/S4/ES-590/2@) and MoES MoES/16/10/
on mafic dykes and dyke swarms from the Indian 11-RDEAS.
shield has now become availabfgart from the

Summary

References minerals from Sushina, Puruli&est Bengalournal of the

Belica M E, Piispa E J, Meert J Besonenc 11, Plado J, Pandite Geological Society of Indiz9 449-459
M K, Kamenova G D and Celestino M (2014) ChalapathiRao N, Paton C and Lehmann B (2012a) Origin and

Paleoproterozoic mafic dyke swarms from the Dharwar diamond prospectivity of Mesoproterozoic kimberlites

craton;paleomagnetic poles for India from 2.37 to 1.88 Ga from the Narayanpet field, Eastern Dharwar craton,

and rethinking theColumbia supercontinBrécambrian southern India: insights from groundmass mineralogl-

Researcl?44100-122 chemistry and perovskite oxybaromesgological Journal
47186-212

Burtseva MV, RippG S, Doroshkevich G Viladkar S G and _ _
Rammohan V (2013) Features of mineral and chemical Chalapathi Rao IV, Dharma Rao C\and Sanjay Das (2012b)

composition of the Khamambettu Carbonatifesyil Nadu Petrogenesis of lamprophyres from the Chhotaudepur area,

Journal of the Geological Society of India655-664 Narmada rift zone, and its relation to Deccan magmatism
Journal of Asian Earth Sciencés 24-39

Chalapathi Rao N/, Lehmann B, Mainkar D and Panwar B K
(2012c)Diamond-facies chrome spinel from thekapal
kimberlite pipe, Indravati basin, central India and its
petrological significanc®lineralogy and Petrology05
121-123

Chalapathi Rao NV, Wu FY and Srinivas M (2012d)

) ) ) i Mesoproterozoic emplacement and enriched mantle
dePOSII from Indialournal of the Geological Society of derivation of the Racherla alkali syenite, Palaeo-
India 81 41-60 Mesoproterozoic Cuddapah Basin, southern India: insights

ChakrabartyA, Pruseth K Land SerA K (2012) Compositions from in situ S—Nd isotopic analysis on apateological
and petrogenetic significance of the eudialyte group Saciety of London Special Publicati85185-195

Basu S K and Bhattacharyya T (2015) Petrography and Mineral
chemistry ofAlkaline-Carbonatite complex in Singhbhum
Crustal Province, Purulia Region, Eastern Indaurnal
of the Geological society of Ind&84-70

Bhushan S K (2015) Geology of the Kamthai Rare earth deposit
Journal of the Geological Society of Ind8537-546

Bhushan S K and Kumar (2013) First carbonatite hosted REE



N V Chalapathi Rao and Rajesh K Srivastava

Chalapathi Rao N, Lehmann B, Belousova E, Frei D and Mainkar

D (2013a) Petrologybulk-rock geochemistnjindicator
mineral composition, and zicron U-Pb gechronology of

of Mesoproterozoic lamproite dykes from the Garledinne
(Banganapalle) cluster, south-western Cuddapah Basin,
southern IndiMineralogy and Petrlogy110 247-268

the end-Cretaceous diamondiferous Manipur Orangeites, Chalapathi Rao N, Atiullah Burgess R, Nanda EhoudhanA

Bastar Crator, Central India (In Proceedings of the X
International kimberlite Conference, Bangalarejrnal

of the Geological Society of IndiR G Pearsost al Eds)
Special issue 93-121

Chalapathi Rao N, SinhaA K, Suresh Kumar and Srivastava R

K (2013b) K-rich titanate from the Jharia ultrapotassic

K, Sahoo S, Lehmann B and Chahong N (2016b) Petrology
40Ar/3%Ar age, Sr-Nd isotope systematics,and geodynamic
significance of an ultrapotassic (lamproitic) dyke with
affinities to kamafugite from the eastern-most margin of
the Bastar Craton, Indislineralogy and Petlogy 110
269-293

rock, Gondwana coal fields, Eastern India, and its Chalapathi Rao N/, DongreA N, Wu FY and Lehmann B

petrological significancéournal of the Geological Society
of India81733-736

Chalapathi Rao N, Wu FY, Mitchell R H, Li LQ and Lehmann

B (2013c) Mesoproterozoic U-Pb ages, trace element and
Sr—Nd isotopic composition of perovskite from kimberlites

(2016C)A Late Cretaceous (ca. 90 Ma) kimberlite event in
southern India: Implication for sub-continental lithospheric
mantle evolution and diamond exploration. Gondwana
Research (In Press) http://dx.dogd0.1016/j.g2015.06.
006

of the Eastern Dharwar craton, southern India: Distinct Das Sharma S and RameshD S (2012) Imaging mantle lithosphere

mantle sources and a widespread 1.1 Ga tectonomagmatic

eventChemical Geolog35348-64

Chalapathi Rao N, Creaser R and Lehmann B (2013d) Re-Os

isotope study of Indian kimberlites and lamproites:
Implications for their mantle source regions and cratonic
evolutionChemical Geolog85336-47

Chalapathi Rao N, Lehmann B and Balaravh(2014a) Platinum-

group element (PGE) geochemistry of Deccan orangeites,
Bastar craton, central India: Implication for a non-terrestrial
origin for iridium enrichment at the K—Pg boundaoyrnal

of Asian Earth Sciencégl 24-33

Chalapathi Rao N, Lehmann B, Panwar B, Kum@arand Mainkar

D (2014b) Petrogenesis of the cratecies Tokapal
kimberlite pipe, Bastar craton, Central In@Baoscience
Frontiers5 81-790

Chalapathi Rao N/, Lehmann B, Panwar B K, Kumarand

Mainkar D (2014c)Yokapal tuf-facies kimberlite, Bastar
craton, central IndiaA nickel prospect3dournal of the
Geological Society of Indi2013, India82595-600

Chalapathi Rao N, Srivastava R K, SinhaK and RavikanV/

(2014d) Petrogenesis of Kerguelen-plume linked
ultrapotassic intrusives from the Gondwana Sedimentary
basins, Damodar valleyastern Indi€arth-Science
Reviews 36 96-120

Chalapathi Rao N, Alok Kumar Sahoo S, DongfeandTalukdar

D (2014e) Petrology and petrogenesis of Mesoproterozoic
lamproites from the Ramadugu field, NW margin of the

Cuddapah basin, eastern Dharwar craton, southern India

Lithos196-197150-168

Chalapathi Rao N/, Atiullah Alok Kumar Sahoo S, Nanda P
Chahong N, Lehmann B and Rao KV S (2016a) Petrogenesis

for diamond prospecting in southeast Indtaospheres
331-342

Das J N, Korakoppa M M, Fareeduddin Shivanna S, Srivastava

JKand Gera N L (2013) Tuffisitic Kimberlite from Eastern
Dharwar Craton, Undraldoddirea, Raichur District,
Karnataka, India (In Proceedings of the X International
kimberlite Conference, Banglor&urnal of the Geological
Society of IndigD G Pearsomt al, Eds) Special issue,
109-128

Dash J K, Pradhana S K, Bhutani R, Balakrishnana S,

Chandrasekaran G and Basavaiah N (2013) Paleomagnetism
of ca. 2.3 Ga mafic dyke swarms in the northeastern
Southern Granulitderrain, India: Constraints on the
position and extent of Dharwar craton in the
PaleoproterozoiPrecambrian Researc®28164-176

Dhote PS, Dongré\ N and Subba Rao) (2013) Petrochemistry

of crater faciesTokapal kimberlite pipe, Bastar craton,
central India and its orangeitic affinitideurnal of the
Geological Society of Indid2 485-494

DongreA N, Chalapathi Rao NV and Malandkar M (2014)

Petrogenesis of macrocrystic and aphanitic intrusions in
Mesoproterozoic diamondiferous pipe 2 kimberlite,
Wajrakarur kimberlite field, eastern Dharwar craton,
southern Indigeochemical Journat8491-507

DongreA N, Jacob D E andt&n RA (2015a) Subduction-related

origin of eclogite xenoliths from th&ajrakarur kimberlite
field, Eastern Dharwar craton, Southern India: Constraints
from petrology and geochemisti@eochimica et
Cosmochimica Act&66 165-188

DongreA N, Viljoen K S and Malandkar M (2015Bje Pipe-15

kimberlite:A new addition to theVajrakarur cluster of the



Kimberlites, Lampuites, Lampophytes, Carbonatites, Otheklkaline Rocks 533

Wajrakarur kimberlite field, Eastern Dharwar craton, Pradesh, India: Reclassification as Lamproites (In

Southern Indidournal of the Geological Society of India Proceedings of the X International kimberlite Conference,

8671-79 Banglore)Journal of the Geological Society of Ind2 G
DongreA N, Viljoen K S, Chalapathi Rao M and Gucsil& Pearsoret al, Eds) Special issue 183-194

(2016) Origin of Ti-rich garnets in the groundmass of KhannaT C, Sesha SalV, Zhao G C, Subba Rao\) Keshav

Wajrakarur field kimberlites, southern India: insights from KrishnaA, Sawant S S and Nirmal Charan S (2014)

EPMA and Raman Spectroscddineralogy and Petrology Petrogenesis of mafic alkaline dikes from the ~ 2.18 Ga

110295-207 Mahbubnagar Large Igneous Province, Eastern Dharwar
Ernst R E (2014)arge igneous provinc&dambridge University Craton, India: Geochemical evidence for uncontaminated

Press, Cambridge, 653 p intracontinental mantle derived magmatisithos17984-

98

GhatakA and BastA R (2013) Isotopic and trace element
geochemistry of alkalic—-mafic—ultramafic—carbonatitc Kumar A, Hamilton M A and Halls H C (2012ap

complexes and flood basalts in NE India: Origin in a Paleoproterozoic giant radiating dykeswarm in the
heterogeneous Kerguelen plun@eochimica et Dharwar Craton, southern Indieochem Geophys Geosyst
Cosmochimic#ctall546-72 13http://dx.doi.org/10.1029/2011GC003926

Goswami B and Basu S K (2013) Metamorphism of Proterozoic KumarA, Nagaraju E, Besse J and Bhaskar Ra¢2012b) New
agpaitic nepheline syenite gneiss from North Singhbhum age, geochemical and paleomagnetic data on a 2.21 Ga
Mobile Belt, eastern Indislineralogy and Petrologg07 dyke swarm from southern India: Constraints on
517-538 Paleoproterozoic reconstructittrecambrian Re220-

221123-138

Hari K R, Chalapathi Rao N, Swarnaka¥ and Hou G (2014)
Alkali feldspar syenites with shoshonitic affinities from KumarA, Ahmed S, Priya R and Sridhar M (2013) Discovery of

Chhotaudepur area: Implication for mantle metasomatism lamproites neavattikodArea, NWmagin of the Cuddapah
in the Deccan large igneous provit@eoscience Frontiers basin, Eastern Dharwar craton, southern Iddianal of
5261-276 the Geological Society of Indé2 307-312

Heri A R, Aitchison J C, King JA andVilla | M (2015) KumarA, Pankaj Fand Rao K K (2016) New find of Lamproite
Geochronology and isotope geochemistry of Eocene dykes Dyke near Chintallapalle area, NW margin of the cuddapah
intruding the Ladakh Batholithithos212-215111-121 Basin, Eastern Dharwar craton,southern Iddiarnal of

Jayabalan M, Udayasankar S, Thiagarajan J, Sasikumar S, the Geological Society of Indéx 127-13
Nandhakumar E, Rajakumaran N, Manikandan M and Lynn M, Joy S and Preston R (201Bje Geology and

Nagamani S (2015) Petrology and geochemistry of Geochemistry of th&Vadagera Kimberlite and the

lamprophyre rock types of Salem, Dharmapuri. Krishnagiri Characterstics of the Underlying Subcontinental

and Namakkal district§;amil NaduJournal ofApplied Lithospheric Mantle, Dharwar Craton, India (In

Geochemistrt7213-235 Proceedings of the X International kimberlite Conference,
Joy S, Jelsma K, Preston R F and Kota S (2012) Geology and Banglore)lournal of the Geological Society of In¢la G

diamond provenance of the Proterozoic Banganapalle Pearsoret al, Eds) Special Issue 167-181

conglomerates, Kurnool Group, Indieological Society ~ Mainkar D, Guptd, Patel S C, Lehmann B, Diwaniaminsky
of London Special Publicatic365197-218 F V and Khachatryan G K (2013) Diamonds from the

Karmarkar N R, Duraiswami R, Jonnalagadda M K and Giif Behradih Kimberlite Pipe, Bastar Craton, IndA:

W L (2014) Mid-Cretaceous lamproite from the Kutch Reconnaissance Study (In Proceedings of the X

Region, Gujarat, India: Genesis and tectonic implications International kimberlite Conference, Banglojelimal of
Gondwana Researc6 942-956 the Geological Society of Ind{® G Pearsoet al, Eds)

Kaur G and Mitchell R H (2013) Mineralogy of the P28/ Special issue 309-316

‘Kimberlite’, Wajrakarur kimberlite fieldAndhra Pradesh, ~ Maitra M and Bhattacharya (2015) Report of Ba-FeiBnate

India: kimberlite or lamproite®lineralogical Magazine in Lamproite Dyke of Nonia Nala, Barakar
773175-3196 Formation,Gondwana Coalfield,Eastern India and its

significancelournal of Geological society of Indi® 295-
299

Maitra M and Korakoppa M (2012schermaks clinopyroxene-

Kaur G Korakoppa M M, Fareeduddin and Pruseth RQ13)
Petrology of P-5 and P-1&imberlites” from Lattavaram
Kimberlite ClusterWajrakarur Kimberlite FieldAndhra



N V Chalapathi Rao and Rajesh K Srivastava

bearing calc-silicate skarn rock at Nirwand, Patcham Island, Pisarevsky S\, Elming S A, Pesonen Il and Li Z X (2014)

Kutchh, Gujarafournal of the Geological Society of India
80609-612

Melluso L, Srivastava R K, Petrone C M, Guahand Sinh#&

K (2012) Mineralogy and magmatic affinity of the Jasra
Intrusive Complex, Shillong Plateau, Indiineralogical
Magazine76 1099-1117

MeshramT M, Shukla D and Behera K K (2018)kaline

Mesoproterozoic paleo-geography: supercontinent and
beyondPrecambrian Researc®44207-225

PradharV R, Meert J GPandit M K, Kamenov G and Mondal

E A (2012) Tectonic evolution of the Precambrian
Bundelkhand craton, central India: insights from
paleomagnetic and geochronologic studies on the mafic
dyke swarmd$’recambrian Researct98-19951-76

lamprophyre (Camptonite) from the Bayyaram area, NE Radhakrishn@, Krishnendu N R and Balasubramonian G (2013a)

margin of the Eastern Dharwar craton, southern India
Current Scienc&091931-1934

Mitchell R H and Kaur G (2016) Mineralogy of the P-12 K-Ti-

richterite diopside olivine lamproite froM/ajrakarur
Andhra Pradesh, India: implications for subduction-related
magmatism in eastern Indiéineralogy and Petrlogy110
223-235

Mir A R andAlvi S H (2015) Mafic and ultramafic dykes of

Palaeoproterozoic Indian shield in the global continental
assembly: Evidence from the palaeomagnetism of mafic
dyke swarmg&arth Science Reviewt26 370-389

Radhakrishna®, Chandra R, Srivasta@aK and Balasubramonian

G (2013b) Central/Eastern Indian Bundelkhand and Bastar
cratons in the Palaeoproterozoic supercontinental
reconstructions:A palaeomagnetic perspective
Precambrian Researci2691-104

Singhbhum craton from Chaibasa district, Jharkhand, Ravi S, Sufija MV, Patel S C, Sheikh J M, Sridhar M, Kaminsky

Eastern India: geochemical constraints for their magma
sourceCurr Sci1091399-1403

MukherjeeA, Jha S, Babu &/ S S K andverma C B (2014)

Discovery of a kimberlite pipe near Budikonda, Dharwar
craton,South India: Field approaches, preliminary
petrography and mineral chemistdpurnal of the
Geological society of Indié4 633-644

(2013) Precise U-Pb ages and geochemistry of
Palaeoproterozoic mafic dykes from south&vast
Greenland: Linking the NortAtlantic and the Dharwar
cratonslithos 174 255-270

Pandit M K, Dotzler R an@/all H D (2016) Hybrid mafic dykes

from Delwara Shear zone, Mtbu, NW IndiaJournal of
the Geological Society of Ind&v 35-42

Pandit MK, Kumar M, SialA N, Sukumaran G B, Piementle M

FV, Khachatryan G K, Nayak S S and BhaskaraRao S S
(2013) Diamond Potential of the Eastern Dharwar Craton,
Southern India, and a Reconnaissance Study of Physical
and Infrared Characteristics of the Diamonds (In
Proceedings of the X International kimberlite Conference,
Banglore)Journal of the Geological Society of IndiaG
Pearsoret al, Eds) Special Issue, 335-348

Nilsson M K M, Klausen M B, Séderlund U and Ernst R E Ravi ShankalVijayagopal B and Kumak (2014) Precise Pb-Pb

baddeleyite ages of 1765 Ma for a Singhbhum ‘newer
dolerite’ dyke swarnCurrent Scienc&061306-1310

Ray J S, Pande K, Bhutani R, Shukl®, RaiV K, KumarA,

Awasthi N, Smitha R S and Panda D K (2048 and
geochemistry of the Newania dolomite carbonatites, India:
implications for the source of primary carbonatite magma
Contributions to the Mineralogy and Petrolob§61613-
1632

and Ferreira V P (2016) Geochemistry and C-O and Nd-Sr Reddy RA (2014) Qualitative analysis of mafic dyke swarms

isotope characteristics of the 2.4 Ga Hogenakkal
carbonatites from the South Indian Granuliesrane:
evidence for an end-Archaean depleted component and
mantle heterogeneitinternational Geology Review
DOI: 10.1080/00206814.2016.1163646

Pesonen L J, Halls H C and Mertanen S (2014) Precambrian

supercontinent$recambrian Researck44 1-4

Pisarevsky @\, Biswal T K, Wang X C, DeWaele B, Ernst R,

Sdderlund UTait JA, Ratre K, Singly K and Cleve M

and kimberlites from morphological and geophysical
signatures, NW of Proterozoic Cuddapah basin, Eastern
Dharwar cratodournal of the Geological Society of India
83235-251

Renjith M L, Charan S N, Subbarao\DBabu EV S SK and

Rajasekhar V B (2014) rain to outcrop-scale frozen
moments of dynamic magma mixing in the syenite magma
chamberyelagiriAlkaline Complex, South Indi@eoscience
Frontiers5 801-820

(2013) Palacomagnetic, geochronological and geochemicalSantosh M, Qiong-ahY, Ram Mohan M,Tsunogad, Shaji E

study of Mesoproterozoic Lakhna Dykes in the Bastar
Craton, India: implications for the Mesoproterozoic
supercontinentithos 174 125-143

and Satyanarayanan M (2014) Cryogenian alkaline
magmatism in the Southern Granuliferrane, India:
Petrology geochemistryzircon U-Pb ages and Lu—Hf



Kimberlites, Lampuites, Lampophytes, Carbonatites, Otheklkaline Rocks 535

Suryanarayana RaoW Kumar C, KumaA, Nandishv and Swa

isotoped.ithos 208-209430-446

Sahu N, Guptd, Patel SC, Khuntia D B K, Behera D, Pande K

and Das S K (2013) Petrology of Lamproites from the
Naupada Field, Bastar Craton, India (In Proceedings of

of Paleoproterozoic ultramafic lamprophyres and
carbonatites from the Chitrangi region, Mahakoshal
supracrustal belt, central Indlaurnal of the Earth System
Sciencdl22759-776

the X International kimberlite Conference, Banglore) Srivastava R K and Gautam G C (2012) Early Precambrian mafic

Journal of the Geological Society of Indla G Pearsopt
al., Eds) Special Issue, 137-165

SamalA K, Srivastava R K and Sinhad (2015)ArcGIS studies

dyke swarms from the CentrAtchaean Bastar craton,
India: geochemistrypetrogenesis and tectonic implications
Geological Journa#t7 144-160

and field relationships of Paleoproterozoic mafic dyke Srivastava R K, Sinhanup K and Kumar S (2012) Geochemical

swarms from the southe of Devarakonda area, eastern
Dharwar craton, southern India: implications for their
relative aged Earth Syst Sdi241075-1084

Shalivahan Bhattacharya B B, Chalapathi Rao N V and Maurya

V P (2014) Thin lithosphere-asthenosphere boundary
beneath the eastern Indian cratentonophysic612-613
128-133

Sheth H C, Zellmer G,lemonterova E |, IvandV, Kumar R

and Patel R K (2014) The Deccan tholeiite lavas and dykes
of Ghatkopar—Powai area, Mumbai, Panvel flexure zone:
Geochemistry stratigraphic status, and tectonic
Significancelournal of Asian Earth Sciencg4 69-82

Singhy, Bagora SYiswanathan R, Ramesh BabW Bnd Parihar

P S (2014ap new occurrence of thorianite from syenitic
pegmatite near Bhaluchuan, Odishaurnal of the
Geological Society of Indid3252-258

(2014b) Combined gravity and magnetic modeling over
Pavagadh and Phenaimata igneous complexes, Gujarat,
India: Inference on emplacement history of Deccan
volcanismJournal of Asian Earth Scienc86119-130

Smith C B, Haggerty S E, Chatterjee B, Bea@hdTownend R

characteristics of Mesoproterozoic metabasite dykes from
the Chhotanagpur Gneissierrain, eastern India:
implications for their emplacement in a plate margin
tectonic environmeritournal of the Earth System Science
121509-523

Srivastava R K and Ernst R E (2013) Global intracratonic boninite-

norite magmatism during the Neoarchean-Paleoproterozoic
—revisited. Large Igneous Provinces Commission, LIP of
the Month, July 2013, URL: http://www
largeigneousprovinces.org/jull3

Srivastava R K, Kumar SinhaA K and Chalapathi Rao M

(2014a) Petrology and geochemistry of high-titanium and
low-titanium mafic dykes from the Damodar valley
Chhotanagpur Gneissiterrain, eastern India and their
relation to Cretaceous mantle plumelsyrnal of Asian
Earth Science84 34-50

Singh B, Rao M R K PPrajapati S K and Swarnapriya Ch Srivastava R K, Jayananda M, Gautam G C and Sanal

(2014b) @ochemical studies and petrogenesis of ~2.21—
2.22 Ga Kunigal mafic dyke swarm (trending N-S to NNW
SSE) from eastern Dharwar craton, India: implications for
Paleoproterozoic large igneous provinces and supercraton
superiaMineralogy and Petrologg08695-711

(2013) Kimberlite, lamproite, ultramafic lamprophyre, and  Srivastava R K, Jayananda M, Gautam G C, Gireesh V and Samal

carbonatite relationships on the Dharwar Craton, India; an
example from the Khaderpet pipe, a diamondiferous
ultramafic with associatechrbonatite intrusiod82-183
102-113

R T (2013) Lamproites from the Eastern Margin of the
Bhandara Craton, Orissa, Indtan Exploration Caset8dy

(In Proceedings of the X International kimberlite
Conference, Banglordpurnal of the Geological Society of

India (D G Pearsoet al Eds) Special Issue 129-141

Srivastava R K (2012) Petrological and Geochemical Studies of

Paleoproterozoic Mafic Dykes from the Chitarangi Region,
Mahakoshal Supracrustal Belt, Central Indigattonic
Zone: Petrogenetic and tectonic significadd8eol Soc
India 80 369-381

Srivastava R K (2013) Petrological and geochemical characteristics

A K (2014c) Geochemistry of an ENE-WSW to NE-SW
trending ~2.37 Ga mafic dyke swarm of the eastern Dharwar
craton, India: does it represent a single magmatic event?
Chemie der Erde/Geochemis#¥251-265

SrivastavaR K and Gautam G C (2015) Geochemistry and

petrogenesis of Paleo—Mesoproterozoic mafic dyke
swarms from northern Bastar craton, central India:
Geodynamic implications in reference to Columbia
supercontinenGondwana Resear@8 1061-1078

Srivastava R K, SamAlK and Gautam G C (2015) Geochemical

characteristics and petrogenesis of four Palaeoproterozoic
mafic dike swarms and associated large igneous provinces
from the eastern Dharwar craton, Indrgernational
Geology Review71462-1484

Srivastava R K, Pimentel M M and Gautam G C (2016) Nd-

isotope and geochemistry of an early Palaeoproterozoic



536 N V Chalapathi Rao and Rajesh K Srivastava

high-Si high-Mg boninite—norite suite of rocks in the Venkateshwarlu M and Chalapathi RaoVWN(2013) New

southern Bastar craton, central India: petrogenesis and Paleomagnetic and rock magnetic results on
tectonic significancénternational Geology Review8 Mesoproterozoic kimberlites from the Eastern Dharwar
1596-1615 craton, southern India: towards constraining Irglia
Srivastava R K, Melluso &nd Sinh# K (2016) Petrogenesis of position in RodinicPrecambrian Researc?24588-596
an early Cretaceous potassic lamprophyre dyke from VijayanA, Sheth H and Sharma K K (20I®ctonic significance
Rongjeng, East Garo Hills, Shillong plateau, north- of dykes in the Sarnu-Dandali alkaline complex,
eastern Indi€urrent Sciencd10649-658 northwestern Deccan Tra@&oscience Frontiel$n Press)
Upadhyay D (2012)lteration of plagioclase to nepheline in the http://dx.doi.org/10.1016/).gsf.2015.09.004
Khariar alkaline complex, SE India: Constraints on Viladkar S G (2015a) Mineralogy and Geochemistry of Fenitized
metasomatic replacement reaction mechanisthes155 Nephelinites of thAmba Dongar comple®ujaratJournal
19-29 of Geological Society of Indéb87-97
Vani K, Naga Lakshn¥, Ramakrishnarao M, Keller G R and Viladkar S G (2015b) Preliminary investigation of Ba-rich Sanidine
Subbarao K V (2013) Integration of Geophysical and in phonolites of Barmer, Rajasthaurnal of the
Geological Data of Kimberlites in Narayanpet—Maddur Geological Society of Indidé6 300-304
Field, Andhra Pradesh, India (In Proceedings of the X viladkar S G and Bismayer U (2015) U-rich Pyrochlore from
International kimberlite Conference, Banglateyrnal of Sevathur Carbonatite§amil NaduJournal of the
the Geological Society of Indi® G Pearsoet al, Eds) Geological Society of Indis3175-182.

Special Issue, 229-249



