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Synopsis 

Geochronology & Paleomagnetic Study of the Newer Dolerite Dyke Swarms from the 

Singhbhum Craton: - Implications to Proterozoic continental reconstruction 

 

The first order comparisons with reference to the age of cratonization, 

chronology of volcano-sedimentary cratonic cover successions and the time 

of mafic dyke swarm emplacement,  indicates that  among different cratonic 

fragments at  least  three “clans of cratons” a Kaapvaal craton -l ike clan, a 

Superior craton like clan and a Slave craton-like clan, is  possible (Bleeker,  

2003). Each clan with characteristically distinct geological histories can be 

traced to their ancestral supercraton. Among these “clans” the Kaapvaal 

like clan, which include the Pilbara and Kaapvaal cratons with Vaalbara 

super-craton being their progenitor (Cheney 1996),  appears to share the 

ancestry with Singhbhum craton, based on the above mentioned first  order 

comparisons proposed by Bleeker,  (2003). The Kaapvaal,  Pilbara and 

Singhbhum were cartonized by ~3.0 Ga (Moser et al.,  2001 , and Roy and 

Bhattacharya, 2012).  The coeval deposition of the western Iron Ore Group 

in the Singhbhum and the Pongola and Witwatersrand basin  (Hofmann et  

al. ,  2016) suggests a good correspondence between the Singhbhum and 

Kaapvaal cratons. Finally, one Rb–Sr whole-rock isochron age of 2613±177 

Ma (Roy et.al. 2004) reported for a NNE–SSW trending ultramafic dyke 

known from the Singhbhum indicates the existence of possible 

characteristic Neoarchean mafic magmatism reported from both the 

Kaapvaal and Pilbara cratons.  These comparison s show significant 

similarity in the Archean geological  history of the Singhbhum with 

Kaapvaal and Pilbara cratons which belong to the Kaapvaal clan, 

suggesting Singhbhum craton could be the part of Vaalbara supercraton.  
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The mafic dykes of Singhbhum craton , popularly called as Newer Dolerite 

Dyke Swarm (NDDS), do not have a reliable geochronology to decipher 

their emplacement ages. The NDDS were identified to have emplaced in at 

least four distinct strike patterns, NNE–SSW, N–S, NNW–SSE and WNW–

ESE. Previously published K–Ar whole-rock ages vary considerably within 

and between swarms and range from 2144 to 950 Ma (Sarkar et  al.,  1969,  

Sarkar and Saha, 1997) and Mallik and Sarkar,  1994). The other 

significantly older Rb–Sr whole-rock isochron age of 2613±177 Ma (Roy 

et.al.  2004) was reported for a NNE–SSW trending ultramafic dyke. These 

age determinations have shown that  most of the mafic dykes are 

Proterozoic and at  least  one of these could be late Archean, but it  is not 

clear whether the large spread in the measured ages from Mesoproterozoic 

to Neoarchean is real or due to inherent limitations of the dating methods 

when applied to Proterozoic rocks. Moreover,  the Geochemistry data 

(Mallik & Sarkar,  1994; Mir et.  al.,  2010, 2011 and 2013) and very l imited 

Paleomagnetic data (Verma and Prasad, 1974) indicates that  the dykes have 

emplaced in Singhbhum craton in multiple phases.  

In this study (1) we have explored the possibility of Singhbhum craton –  

Vaalbara ancestral  relationship and (2) we have  constrained the 

paleoposit ion of Singhbhum craton and India with respect to other cratons 

during Neoarchean-Paleoproterozoic time. This work has provided very 

precise Pb-Pb baddeleyite ages for first time on the NDDS. This study 

would also correlate the various events of  the NDDS as well as with the 

various dyke events of other Indian cratons and the coeval events across 

the globe. This will  provide very cri tical  element for plate reconstructions.  

Paleogeographic reconstruction has not been done for  Singhbhum craton 
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using the paleomagnetic study of NDDS in the earlier studies . This is  the 

first such attempt to understand paleo geographic position  of Singhbhum 

craton during various time periods in its  geological history.  

In this work Pb-Pb baddeleyite geochronology by the Thermal Extraction–

Thermal Ionization Mass Spectrometry method (Kumar et . al.  2014) has 

been used to establish ages of dyke events within Newer Doleri te Dyke 

Swarm. Samples were crushed to < 125-micron grain size and concentrated 

using a Wilfley table. Badde leyite grains were handpicked under a 

binocular microscope. Mineral inclusions,  fractures and alteration free 

baddeleyite crystals were cleaned in 4N HNO3  and rinsed several times in 

MQ H2O and dried. Zone refined rhenium filaments (0.030 inches wide by 

0.001 inches thick) were bent using a jig to form a transverse 0.5 

millimetre broad and 0.5 -millimetre-deep ‘U’ shaped valley in the centre 

(as shown in figure).  These filaments were out gassed and cleaned at  

alternating high (4.0 A) and low (2.0 A) temperat ure steps with the 

complete sequence lasting for 90 minutes,  and left for at  least a week 

before loading. After washing with HNO 3  and ultraclean water (MQ) the 

grains were loaded onto filaments for annealing at 1250°C in a vacuum 

chamber at ~1*10 -7  mbar for 30 minutes to expel disturbed Pb from altered 

domains. Grains were subsequently embedded in si lica glass on the same 

Re filament by fusing the sample with silica gel and phosphoric acid 

mixture at  1200°C for ~10 min. in a vacuum chamber.   Sample loading was 

performed under a stereomicroscope in a clean air station fitted with a 

HEPA filter.  Analyses were performed on a TRITONPLUS Thermal 

Ionization Mass Spectrometer at the CSIR -National Geophysical Research 

Insti tute, Hyderabad.  
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The block samples were collected after orientation by levelling the surface 

of the sample with chisels and scrapper and with the help of the precision 

spiri t level and with the help of Brunton compass and Sun compass.  The 

levelled surfaces of the samples were marked with North. A c ommon 

practice is to collect  five to eight separately oriented samples from a site 

spread over 5 to 10 m of outcrop. Comparison of NRM directions from 

sample to sample within a site allows within -site homogeneity of the NRM 

to be evaluated.  The block samples were cored in the laboratory after 

orienting the samples into the field position with the help of precision 

spiri t level. Two to three cores were taken out from each sample.  Later 

these cores were cut into a standard specimen of size 25 mm in diameter 

and 22 mm in length and numbered as aI,  aII,  aIII,  bI,  bII,  bIII and vice 

versa. The orientation marking was transferred onto all the specimens.  

Samples were cored and cut into standard specimen size using the coring 

machine available at  coring and cutting section of CSIR-NGRI.  Standard 

demagnetization procedures including incremental alternating field (AF) 

and/or heat treatment (TH) were performed.  At least one specimen per 

sample were subjected to detailed stepwise AF and/or thermal 

demagnetization, to a maximum of 120 mT or 620°C.  After each step of  

incremental demagnetization, the natural remanent magnetisation (NRM) 

was measured using JR-6 spinner magnetometer (Agico) . The directional  

data was analysed, using Principal Component Analysis (PCA) (Kirschvin k 

1980) in combination with Zijderveld diagrams (Zijderveld 1967).  

Acceptance criteria for linear segments on vector diagrams were the 

number of consecutive demagnetization points (≥5) and maximum angle of 

deviation ≤10° (Kirschvink 1980). In most cases th e stable characteristic 
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remanance magnetisation (ChRM) direction is defined by clear linear 

segments to the origin, which has been isolated by demagnetization due to  

either after 40-100 mT AF treatment or af ter heating at 400-600°C.  

The work presented here resulted in significant outcome which are as 

follows.  

We have identified for the first  time the 1765.3±1 Ma WNW-ESE trending 

dyke swarm from Singhbhum craton.  We have identified for the first  time 

three distinct swarms from NNE-SSW trending dykes, i .e.,  ~2750 Ma, 

~2762 Ma, and ~2800 Ma.  Mean paleomagnetic direction for ~1765 Ma 

swarm is Declination = 329.2º and Inclination = −22 .8º (k = 31.6; α95 = 

9.3º).  Mean paleomagnetic direction of ~2762 Ma NNE -SSW dykes are 

Declination = 226º & Inclination = 84º (k = 47; α95 = 6º).  The pole 

position of Singhbhum craton at ~1765 Ma is 45ºN, 311ºE (dp=5.2 and 

dm=9.9).  The pole position of Singhbhum craton at ~2762 Ma is 14ºN, 78ºE 

(dp=11 and dm=12).  

The paleogeographic reconstruction at  ~1770 Ma  (Figure 1) , based on 

paleopoles (from Baltica craton, India and North China Craton) and, 

coupled with a correlation of geological , tectonic and metallogenic features 

indicate towards an extended spatial  link between B alt ica craton and India 

for ~370Ma (1770-1400 Ma).  There is  reasonable evidence in support of 

India-North China Craton spatial proximity at ~1770 Ma.   

This study was able to indicate towards the strong possibility of 

Singhbhum craton -Vaalbara shared ancestry (Figure 2) with help of very 

precise Geochronology and constrained by high quality pal eomagnetic data 
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and supported by similarity in the Archean geological  history of the 

Singhbhum with Kaapvaal and Pilbara cratons .   

The most important contribution of this study is discarding the long held 

opinion that  newer dolerites are mostly P roterozoic era and are one of  

youngest stratigraphic unit of Singhbhum craton. We are able to find three 

Neoarchaean mafic dyke swarm event s at  ~2750 Ma, ~2762 Ma, and ~2800 

Ma and one 1000 Ma younger Paleoproterozoic ~1765 Ma mafic dyke 

swarm. These ages are from two distinct dyke orientations i.e. NNE and 

WNW respectively. This may encourage fresh hunt fo r geochronology from 

NDDS. 
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Figure 1: Paleogeographic reconstruction at ~1770 Ma.  
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Figure 2: Mollweide projection showing paleopositions of Kaapvaal,  

Pilbara and Singhbhum cratons, in light salmon pink  shade, during the 

Neoarchean (~2770 Ma).  
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Chapter 1 

Introduction 

1.1 First Inspiration- The ‘Supercraton Clans’  

Craton can be defined as a segment of continental crust that has attained 

and maintained long-term stability,  with tectonic reworking being confined 

to its  margins (Bleeker ,  2003).  The Archean historical  record of the Earth 

is mostly preserved by ~35 distinct  large cratonic fragments located all 

over the globe (Figure 1.1).  

      

Figure 1.1: Global occurrences of exposed Archean crust (modified after Bleeker 2003). 
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Archean cratons are often associated with rifted margins of Proterozoic 

age. This is suggestive that these craton s are mere fragments of 

supercratons (defined by Bleeker (2003) as a large ancestral  landmass of 

Archean age with a stabilized core that on break -up spawned several  

independently drifting cratons). Bleeker (2003) suggested three main 

cri teria of first order comparison among different cratonic fragments to 

infer the similarities and differences among them.  These criteria are (a) 

their age of cratonization, (b) chronology of volcano-sedimentary cratonic 

cover successions and (c) the time of mafic dyke swarm emplacement. On 

this basis atleast  three “clans of cratons” (Figure 1.2) a Kaapvaal craton -

like clan, a Superior craton like clan and a Slave craton -like clan, have 

been suggested (Bleeker, 2003).  Each clan with characteristically distinct 

geological histories can be traced to their ancestral super -craton. The 

Kaapvaal l ike clan, which include the Kaapvaal and Pilbara cratons with 

Vaalbara super-craton being their p rogenitor (Cheney, 1996),  cartonized by 

~3.0 Ga (Moser et al.,  2001). Apparently,  the Singhbhum Craton has been 

cratonized at  about the same time (Roy and Bhattacharya,  2012), much 

before either the Slave or Superior cratons. The coeval deposit ion (after 3 .0 

Ga, following cratonization) of the western Iron Ore Group in the 

Singhbhum and the Pongola and Witwatersrand basin, both consisting of 

similar packages of shallow-marine quartzite, continental  flood basalts and 

a ferruginous/manganiferous shale -BIF, suggests a good correspondence 

between the Singhbhum and Kaapvaal cratons. Finally,  one Rb–Sr whole-

rock isochron age of 2613±177 Ma (Roy et  al. ,  2004) reported for a NNE–

SSW trending ultramafic dyke known from the Singhbhum indicates the 
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existence of possible characteristic Neoarchean mafic magamatism reported 

from both the Kaapvaal and Pilbara cratons.  These comparisons show 

significant similarity in the Archean geological history of the Singhbhum 

with Kaapvaal and Pilbara cratons which belong to the Kaapva al clan, 

suggesting Singhbhum craton could be the part of Vaalbara supercraton.  

 

 

Figure 1.2: Cladogram (modified after Bleeker, 2003) showing possible relationships 

between about half (17) of the ca. 35 independent Archean cratons and the three possible 

Archean supercratons clans viz., Superia, Sclavia, ans Vaalbara. Here, divergence 

represents break-up, whereas convergence represents amalgamation, typically associated 

with significant orogenies; question marks represent significant uncertainties or unknowns. 
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1.2 Dykes- The ideal target  

Dykes are geological structures, which can be defined as vertical to sub -

vertical  intrusion and subsequent crystallization of magma in older rock 

bodies.  When viewed in aerial/satellite images these rock bodies appear 

like scar marks over the earth surface,  sometimes extending for hundreds of 

kilometers. They form as result  of crustal extension processes.  Dykes on 

basis of their geometry can be classified into several  types. They can be 

radial, parallel , circular etc.  Chemical composition of dykes may vary 

based on the intruding magma. The source magma also defines the extent of 

dyke. Dykes are generally found in group forming certain geometry.  Such 

groups of dykes are termed as Dyke Swarms. The careful study of areal  

imagery of dyke swarms of the study area is  very helpful to have crucial  

information. We can zero on the relative ages of dykes of varied 

orientation by studying their cross -cutting relationship.  We can zero on the 

probable tectonic process responsible for t heir formation. The orientation 

of major stress is directly reflected by the orientation of dykes.  

Mafic dyke swarms are regarded as expressions of deeply eroded large 

igneous provinces associated with major continental rift ing/plume events.  

Large igneous provinces (LIPs) are high volume, short duration pulses of 

intraplate magmatism consisting mainly of flood basalts and their 

associated plumbing systems, but also may include silicic components and 

carbonatites (Ernst  and Bleeker , 2010).   Many LIPs have an associated 

radiating diabase dyke swarm, which typically converges on a cratonic 

margin, identifies a mantle plume center, and is linked to breakup or 

attempted breakup to form the cratonic margin (Ernst  and Bleeker , 2010).  
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LIPs have been linked with reg ional scale uplift,  continental rifting and 

breakup, and climatic crises (Ernst  Buchan and Campbell ,  2005).   

The ability of Mafic dyke swarms to retain high quality  U-Pb, Pb-Pb 

geochronology, Paleomagnetic and Geochemical data makes them ideal 

subject for reconstructing past  continental/cratonic configurations and 

therefore addressing the concept of repeated supercontinent/supercraton 

formation and disaggregation (Kumar et  al. ,  2012, Halls and Fahrig, 1987; 

Ernst and Buchan, 1997, Li and Zhong, 2009).  

1.3 The literature survey  

The Singhbhum Craton is roughly a triangular shaped region. It  is bounded 

by the Sukinda thrust on the south,  Tertiary sediments of the Bengal Basin 

to the east and the arcuate shaped Singhbhum Shear Zone (SSZ) on the 

north. Dykes of various orientations and mafic to felsic composition 

intrude the Singhbhum Granitoid Complex, and are collectively referred as 

the Newer Dolerite Dykes (Dunn, 1940; Saha, 1994; Mahadevan, 2002). 

The newer dolerites were emplaced in four distinct strike patt erns,  NNE–

SSW, N–S, NNW–SSE and WNW–ESE (Figure 1.3). They traverse a 

number of rock types, including the Gorumahisani -Badampahar BIF, 

Gorumahisani greenstones, and the Bonai Granite, but do not cut across 

Paleoproterozoic rock suites on the periphery of t he Singhbhum Granitoid 

Complex - specifically the Noamundi-Koira BIF, Dhanjori, Ongarbira and 

Jagannathpur metavolcanic suites (Banerjee, 1982).  
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Figure 1.3: Geology map of the Singhbhum Craton showing the distribution of Newer 

Dolerite Dyke Swarm (modified after Shankar et al., 2014) 
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The most common rock types are quartz dolerites and norites, however 

Granophyre, microgranite, syenodiorite are rarely found with the Newer 

dolerites and minor ultramafic intrusions are much subordinate to the 

Newer doleri tes  (Saha, 1994). Most significant of the ultramafic intrusions 

are those of Keshargaria. The NDD marks the termination of cratonization 

in the Singhbhum crustal province. Many age determinations have been 

attempted on NDD. The K–Ar whole-rock ages vary considerably within 

and between swarms and range from 2144 to 950 Ma (Sarkar et al. ,  1969, 

Sarkar and Saha, 1977 and Mallik and Sarkar, 1994) (Figure 1.4).   

 

Figure 1.4: Geology map of the Singbhum Craton along with location of selective 

published ages on Newer Dolerite Dyke Swarm. Legend is same as in Figure 1.3 and the 

text in bracket, next to ages, is referring to the strike orientation of dated dykes. 
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One Rb–Sr whole-rock isochron age of 2613±177 Ma (Roy et  al. ,  2004) was 

reported for a NNE–SSW trending ultramafic dyke (Figure 1.4 ). Although 

these age determinations have shown that  most of the newer dolerite 

swarms are Proterozoic and at  least one of these could be late Archean, it  is 

not clear whether the large spread in the measured ages from 

Mesoproterozoic to Neoarchean is real  or due to inherent limitations of the 

dating methods when applied to Proterozoic rocks.  

 

Figure 1.5: Pole positions from ten sites of Newer Dolerite Dyke Swarm (Verma and 

Prasad, 1974). These positions were grouped in three groups i.e. N.D.1, N.D.2, and N.D.3. 

Notice the difference in the pole positions numbered as 1 to 10.  
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Verma and Prasad (1974) on basis of Paleomagnetic data  (Figure 1.5) had 

predicted that the large differences in pole positions of different groups of 

dykes could mean that  the igneous activity represented by Newer dolerite 

might have lasted for fairly long peri od of time. On the basis of 

paleomagnetic data, a limited stratigraphic correlation was attempted. They 

postulated that the igneous activity represented  by the group (of studied 

sites) could be intermediate in age between the Kaimur quartzites (910 -940 

my) and the Cuddapah formations (1100 -1600 my).  This is  the only 

paleomagnetic work done on Newer Dolerite dyke. Plate reconstruction has 

not been done on the Newer Dolerite Dykes.  

Saha, Sankaran and Bhattacharyya (1973) emphasized that The Newer 

dolerite dyke intrusions are certainly not monotonously uniform 

petrologically and geochemically and also at  least two phases of dyke 

intrusion are involved on basi s of data shown from six i solated areas.  

Mallik and Sarkar (1994) further confirms the observations of Saha et  al.,  

(1973). Mir et  al . ,  (2010), (2011) and (2013) have observed on basis of the 

XRF and ICP-MS data that  compositional variation from basalt to andesite. 

Studied mafic dykes show geochemical characteristics similar to those of 

back-arc extension basaltic rocks (Mir et  al. ,  (2010), (2011)) and 

Discrimination diagrams (Ti/Y vs. Zr/Y (Pearce& Gale 1977) and Zr vs 

Zr/Y (Pearce and Norry, 1979) for dist inguishing tectonic environments 

indicated studied dykes have supra subduction zone geoch emical 

characteristics (Mir et al. ,  2013).  

So we can infer from above discussion that the work done on Newer 

Doleri te Dyke Swarm has given us some preliminary but not  reliable 
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geochronology data (Sarkar et al . ,  1969, Sarkar and Saha, 1977 and Mallik 

and Sarkar,  1994).  The age of Newer Doleri te Dyke Swarm need to be 

reevaluated becuase the techniques used for assigning the emplacement 

ages (eg. K-Ar dating by Sarkar et al. ,  1969, Sarkar and Saha, 1977 and 

Mallik and Sarkar, 1994) have some inherent limitations especially while 

dating Paleoproterozoic-Neoarchean rocks.  

1.4 Objectives  

I propose following objectives to be met as a result of this study.  

1.  To explore the possible Singhbhum craton –  Vaalbara ancestral 

relationship.  

2.  To constrain the paleoposition of Singhbhum craton and India with 

respect to other cratons during Neoarchean -Paleoproterozoic time.  

 

1.5 Importance of research Problem 

This work has provided the very precise Pb-Pb baddeleyite ages for first 

time ever on the newer dolerite dykes.  This work has also established the 

number of dyke events in Singhbhum craton. This study has also correlated 

the various events of the Newer Doleri te Dyke Swarm within the swar m as 

well as with the various dyke events of other Indian cratons and the coeval 

events across the globe. This has provided very critical element for plate 

reconstructions.  Plate reconstruction has not been done for  Singhbhum 

craton using the paleomagnetic study of Newer Dolerite Dyke Swarm. This 

is the first such attempt to understand paleo -configuration of Singhbhum 
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craton during various times (provided by different magmatic events in 

Newer Dolerite Dyke Swarm established with help of geochronology) 

during its geological  history.  
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Chapter 2 

Detailed account on Geology of the Singhbhum Craton  

2.1  Introduction  

Indian subcontinent is probably the most interesting place for earth 

scientist to undertake studies . Indian subcontinent has four Archean cratons 

with distinct evolutionary histories. It  has the youngest and fastest growing 

mountain belt of world.  It  has enormous flood basalt  provinances.  It has 

large diversity in type of geomorpholgical features and geological  rock 

types. These all features are compelling enough to attract the attention of 

earth scientist  across the globe. The Peninsular shield of India is 

constituted by a mosaic of Precambrian metamorphic terrains that  exhibit 

low to high-grade crystalline rocks with age as old as ~3 .6Ga. These 

terrains have been classified as cratons; as they have attained tectonic 

stability for prolonged period (since Neoarchean to Paleoproterozoic era).  

These cratons are flanked by fold belt(s),  with/ without discernible  suture or 

shear zones, suggesting that the cratons have moved against each other and 

collided to generate these fold belts (Naqvi,  2005),  or these cratons may be 

the result of fragmentation of a large craton that  constituted the Peninsular 

shield. These fold belts are proof of riftin g or splitting of cratons, 

irrespective of the tectonic setting of their origin. The rocks of the fold 

belts were the volcanic material  derived from the mantle and sediments 

derived from crust.  

The Indian Peninsular Shield can be studied into four units (Figure 2.1). 

These units are:  The Dharwar craton, Bastar craton, Singhbhum craton, and  
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Figure 2.1: Outline map of the Indian shield (after Sharma, 2010) showing the distribution 

of cratons, including Chhotanagpur Granite Gneiss Complex, Rifts and Proterozoic fold 

belts. The fold belts are: 1 = Aravalli Mt. belt, 2 = Mahakoshal fold belt, 3 = Satpura fold 

belt, 4 = Singhbhum fold belt, 5 = Sakoli fold belt, 6 = Dongargarh fold belt, 7 = Eastern 

Ghats mobile belt, 8 = Pandyan mobile belt. Abbreviations: Opx-in = orthopyroxene-in 

isograd; AKS = Achankovil shear zone; PC-SZ = Palghat Cauvery Shear Zone; SGT = 

Southern Granulite Terrain; SONA Zone = SonNarmada lineament 
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Table 2.1: Generalised chronostratigraphy of  Singhbhum Craton (after Saha ,1994) 

Newer Doleri te Dyke Swarm 

Mayurbhanj  Granite  

Gabbro-anorthosite -ultamafics  

Kolhan Group  

 ~2600-950 Ma 

~2100 Ma 

 

~2200-2100Ma 

~~~~~~~~~~~~~~~~~~~~~~~~~~Unconformity~~~~~~~~~~~~~~~~~~~~~~~~ 

Jagannathpur Lava  

Malangtoli  Lava  

Peli t ic and arenaceous 

Metasediments with mafic si l ls 

(~2400-2300 Ma)  

Dhanjori-Simlipal  

Lava (~2300 Ma)  

Quartz-

conglomerate  

 

Dhanjori  Group  

 

Singhbhum 

Group 

~~~~~~~~~~~~~~~~~~~~~~~~~~Unconformity~~~~~~~~~~~~~~~~~~~~~~~~ 

Bonai Granite  

Nilgiri  Granite  

Singhbhum Granite (Phase II)  

Singhbhum Granite (Phase I)  

Mafic lava, tuff ,  acid volcanic,  tuffaceous shale, banded 

haematite jasper and banded haematite quartzite with iron 

ores, ferruginous chert ,  local  dolomite and quartiziz 

sandstone  

~3100 Ma 

~3290 Ma 

~3336 Ma 

~3350 Ma 

}Iron Ore Group 

(~3340-3090 Ma)  

Singhbhum Granite (Phase III)   ~3445 Ma 

Folding and Metamorphism of OMG and OMTG 

 

Older Metamorphic Tonali te Gneiss (OMTG)  

 

Older Metamorphic Group (OMG)  

~3440-3420Ma 

 

~3440-3300 Ma 

 

~3550-3375 Ma 

 

Bundelkhand craton. The Bundelkhand craton lies  to the north of the Son-

Narmada lineament (SONA Zone) or Central Indian Tectonic Zone (CITZ). 

To the south of this (roughly) E -W trending l ineament,  there are three other 
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cratonic regions. These cratons, viz. the Bastar craton, the Dharwar craton, 

and the Singhbhum craton (SC), collectively constitute the southern 

Protoconinent of the Indian shield (Radhakrishna and Naqvi,  1986).  

Singhubhum Craton (SC) is one of the oldest  craton in world and probably 

the oldest craton in India. The SC is about 45,000 sq. km. in extent in 

eastern India and lies approximate ly between latitudes 21°00′ and 23°50 ′ 

and longitudes 84°00 ′ and  86°50 ′ (Figure 2.2 ). The SC is roughly an oval 

shaped region, bounded by the Eastern Ghat Mobile (Granulite) Belt  to the 

south and the Bastar craton to the southw est,  tertiary sediments of the 

Bengal basin to the east  and the Chotanagpur Gneissic Complex to the 

north.  Towards north SC terminates to arcuate Singhbhum Shear Zone 

(SSZ). The SSZ extends over more than 200 Km from west to east  and 

houses highly enriched economic mineral  deposits within.  Similarly,  the SC 

comprises another economic mineral rich tectonic feature called Sukhinda 

Thrust  (ST) in south.  SC is home to Archean Tonalite Gneisses viz.,  Older 

Metamorphic Group (OMG) (greenschist - to amphibolites -facies 

supracrustals) and Older  Metamorphic Tonalite Genisses (OMTG) (TTGs); 

Archean Granite Batholith viz. , Singhbhum Granite Complex (SGC) (the 

granitoids and tonalitic rocks); Greenstone belts viz. , Iron Ore Group 

(IOG) (the greenschist  facies platformal sediments and Banded Iron 

Formations interlayered with mafic and felsic volcanic rocks); Archean to 

Proterozoic dyke intrusions viz. , Newer Dolerite Dyke Swarm (NDDS);  
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Figure 2.2: Geology map of the Singhbhum Craton (modified after Shankar et al. 2014). 

Abbreviations of lithounits are as follows: CGC- Chota Nagpur Granite Gneiss; CG- 

Chakradharpur Granite Gneiss; DhV- Dhanjori Volcanics; DV- Dalma Volcanics; KG- 

Kuilapal Granite; NG- Nilgiri Granite; TG- Tamperkola Granite.  
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and the discrete but equivalent granites (e.g., Tamperkola Granite, 

Chakradharpur Granite) and younger sedimentary and volcano -sedimentry 

bodies (e.g.,  Dalma Volcanics, Dhanjori Group Kolhan Group Sediments 

etc.).  Generalised chronostratigraphy of Singhbhum Craton is presented in 

Table 2.1.  

2.2 Lithological-cum-chronostratigraphic succession of the SC:  

A detailed description of the Chronostratigraphic succession of the SC 

(Figure 2.2 and Table 2.2) is  as follows.  

Table 2.2: A Chronostratigraphy Chart of Singhbhum Craton (after Misra 2006)  

Geological Event  Rock Types Age (Ga) 

Metamorphism of mobile belt 

supracrustals and shearing along 

the Singhbhum Shear Zone 

imprinted on Arkasani granite  

 

~1.0 Ga2 8 ,3 0  

Metamorphism of mobile belt 

supracrustals (~1.54 Ga)  

Uranium mineralization along the 

Singhbhum Shear Zone (~1.58-

1.48 Ga) 

Formation of Kuilapal Granite 

Gneiss (~1.64 Ga)  

Shearing along the Singhbhum 

Shear Zone (~1.67-1.63 Ga) 

 

 

Kuilapal Granite- mostly granite 

to granodiorite and tonalite  

 

~1.64-1.54 

Ga2 2 ,2 6 ,2 7 ,2 8 ,3 0  

Copper sulphide mineralization 

along the Singhbhum Shear Zone  
 ~1.77 Ga8  

Emplacement of Newer Dolerite 

Dyke Swarm 

Newer Dolerite- mostly quartz 

dolerite 

~2.0-1.0 

Ga1 2 ,2 7 ,2 8  

Reactivation of Singhbhum Shear 

Zone and emplacement of Soda 

Granite plutons  

Soda Granite- tonalite to granite  ~2.22 Ga2 6  

Deposit ion of Kolhan Group 

sediments  

Phyllitic shale  

Argillaceous l imestone  

~2.25 Ga1 9  



18 | P a g e  

 

Basal Sandstone conglomerate  

Eruption of Jagannathpur and 

Malangtoli  basic lavas  
Basaltic andesite  ~2.25 Ga7 ,1 7  

Major metamorphism along the 

margins of Singhbum craton  
 ~2.50 Ga1 7 ,1 8   

Emplacement of ultramafic NNE-

SSW trending member of Newer 

Doleri te Dyke Swarm 

 ~2.6 Ga3 4  

Dhanjori  and Dalma group’s mafic 

volcanism 

 

 

 

Felsic plutonism along southern 

margin of Singhbhum craton  

Dhanjori  volcanic- mafic and 

ultrafic tuffs and intrusives,  

tholeiitic basalts with basal 

quartzite-conglomerate  

Dalma Volcanics- lower unit  of 

highly magnesian ultrabasic lava, 

followed upward by feebly 

reworked pyroclastics and mafic 

lavas 

Tamperkola Granite- alkali  

feldspar granite with marginal 

volcanic 

Small alkali feldspar granite 

plutons along southern margin of 

Singhbum craton 

~2.8 Ga4 ,1 7 ,1 8  

Thermal metamorphism of OMG, 

OMTG, SBG-II and SBG-III due 

to emplacement of Mayurbhanj 

Gabbro 

Contemporaneous movement of 

Mayurbhanj Gabbro along with 

Mayurbhanj Granite (MBG), the 

oldest record of movement along 

the Singhbhum Shear Zone  

 

 

 

MBG- Hornblende bearing alkali  

feldspar bearing granite to syeno 

granite 

Mayurbhanj Gabbro- Pyroxene 

rich gabbro, olivine gabbro, 

norite, anorthosite and picrite  

~3.07-3.05 

Ga5 ,2 8  

 

 

 

~3.09 Ga1 5 ,2 1  

Formation of Simlipal volcano-

sedimentary basin  

Spilitic Lavas and tuffs with basal  

and interlayered quartzite  
~>3.09 Ga1 9  

Formation and deformation of the 

Singhbhum mobile belt 

supracrustals (Singhbhum Group)  

Pelitic and arenaceous 

metasediments with felsic volcanic 

and mafic sills  

~3.12-3.09 

Ga1 9  
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~~~~~~~~~~~~~~~~~~~~~~~~~~Unconformity~~~~~~~~~~~~~~~~~~~~~~~~  

Thermal metamorphism of OMG 

rocks due to emplacement of Bonai 

Granite 

Emplacement of Bonai Granite 

pluton 

Metamorphism of OMG,OMTG and 

IOG rocks 

 

 

Bonai Granite- Granite to 

Granodiorite  

~3.16 Ga2 8  

 

~3.16 Ga3 1  

 

~3.40-2.90 

Ga6 ,1 5 ,2 8  

Formation of Iron Ore Group (IOG) 

and its  folding and metamorphism  

IOG- Mafic lava, tuff,  acid 

volcanic,  tuffaceous shale,  banded 

haematite jasper and banded 

haematite quartzite with iron ores, 

ferruginous chert,  local  dolomite 

and quartiziz sandstone  

~3.34-2.80 

Ga1 5 ,2 1  

~~~~~~~~~~~~~~~~~~~~~~~~~~Unconformity~~~~~~~~~~~~~~~~~~~~~~~~  

Thermal Metamorphism of OMG 

and OMTG rocks due to 

emplacement of SBG-II and 

Nilgiri Granite  

Emplacement of Nilgiri Granite  

Emplacement of SBG-II 

 

 

 

Nilgiri Granite- Tonalite to Granite  

SBG-II Granodiorite  

 

~3.30 

Ga3 ,2 0 ,3 2  

 

~3.29 Ga2 4  

~3.33 Ga3 3  

Emplacement of SBG-I SBG-I- Tonalite to Granodiorite  ~3.35 Ga3 3  

Emplacement of SBG-III SBG-III- Granodiorite to Granite  ~3.44 Ga3 3  

Folding of OMG supracrustals and 

synkinematic intrusion of tantalite 

known as Older Metamorphic 

Tonalite Gneiss (OMTG) 

OMTG- Biotite (hornblende) tonalite 

gneiss grading to granodiorite  

~3.44-3.30 

Ga6 ,1 5 ,3 3  

Deposit ion of Older Metamorphic 

Group (OMG) sediments over 

unknown basement along with 

intermittent extensive mafic 

volcanism and plutonism 

Pelitic schist,  quartz -magnetite-

cummingtonite schist, banded calc -

gneiss,  para- and ortho-amphibolite  

~3.55-3.37 

Ga1 5 ,2 1  

Formation of unstable sialic crust 

(not preserved in present geologic 

record)  

Hypothetically represented by the 

overlying sialic sediments and 

xenocrystic zircons within them  

~3.6-3.55 

Ga6  

Age References: 1Acharyya, 2001; 2Acharyya, 2003; 3Baksi et al. 1987; 4Bandyopadhyay 
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et al. 2001; 5Ghosh et al. 1996; 6Goswami et al. 1995; 7Johnson, 1993; 8Johnson et al. 

1993; 9Mallik, 1993; 10Mallik, 1998; 11Mallik et al. 1992; 12Mallik and Sarkar, 1994; 
13Mazumdar, 1996; 14Mazumdar 1998; 15Misra et al. 1999; 16Misra and Dey, 2002; 17Misra 

and Johnson, 2005; 18Misra et al. 2000; 19Misra, 2006; 20Moorbath et al. 1986; 21Nelson et 

al. 2014; 22Rao et al. 1979; 23Ray Burman et al. 1994; 24Saha, 1994; 25Saha et al. 1987; 
26Sarkar et al. 1985; 27Sarkar and Saha, 1977; 28Sarkar et al. 1969; 29Sengupta et al. 1996; 

30Sengupta et al. 1994; 31Sengupta et al. 1991; 32Sharma et al. 1994; 33Upadhyay et al. 

2014; 34Roy et al. 2004. 

2.2.1 Older Metamorphic Group (OMG)  

The Older Metamorphic Group (OMG, also refer red as Champua Group) are 

the oldest known unit of SC, with the older 2 0 7Pb-2 0 6Pb ion probe spot age 

of 3628±38 Ma (Goswami et  al. ,  1995) on zircons from metasedimentary 

rocks. The OMG include amphibolite facies pelitic schists (P∼5 kbar,  

T∼590-770ºC; Saha, 1994),  quartz-magneti te-cummingtonite schists,  

quartzites,  banded calc-gneisses, para- and ortho-amphibolites (Saha et  al . ,  

1984; Saha, 1994; Mukhopadhyay, 2001)). All  of these lithounits -

excluding the para- and ortho-amphibolites- were originally sedimentary 

rocks deposited on an unknown base.  The presence of abundant siliceous -

aluminous sediments with detrital zircon in the OMG is suggestive of a still  

older granitoid source for these sediments. The depositional age of the 

OMG sediments is currently unconstrained. The 2 0 7Pb–2 0 6Pb ion probe spot 

ages on zircons from OMG metasedimentary rocks ranges from 3628±38 

Ma to 3196±22 Ma (Basu et  al .,  1993; Goswami et al. ,  1995; Misra et al. ,  

1999).   These ages show clustering at  3.55, 3.40, 3.35, and 3.20 Ga. The  

~3.55 Ga age cluster were interpreted to be from detrital grains (Misra et  

al. ,  1999), while the ~ 3.40, ~3.35 and ~3.20 Ga age clusters were 

interpreted as the ages of major metamorphic events (Basu et  al. ,  1993; 

Misra et  al.,  1999).  The Ar–Ar and K–Ar cooling ages of 3.30–3.20 Ga 

from metamorphic hornblende and biotite have also been reported (Sarkar 
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et al . ,  1969 and Baksi et  al. ,  1987).  Nelson et  al.  (2014) has obtained a 

SHRIMP U–Pb age of 3375±3 Ma for detrital zircons from a recrystall ised 

sandstone enclave within tonalitic gneiss from OMG. This age was 

interpreted as the maximum time for deposition for OMG sediments.  

2.2.2 Older Metamorphic Tonalite Gneiss (OMTG) 

The OMTG (also referred to as the Saraikela Gneiss) rocks are 

metamorphosed (amphibolite- to greenschist-facies) biotite-hornblende 

tonalite, trondhjemite, granodiorite gneisses and granites.  The OMTG are 

considered to have intruded the OMG synkinematically (e.g. ,  Saha, 1994; 

Mukhopadhyay, 2001).  Prabhakar and Bhattacharya (2013) contradicted  

this view as they haven’t  found any unambiguous intrusive relationship 

between OMG and OMTG. A Sm–Nd age of 3775±45 Ma (Basu et al . ,  

1981) was obtained for granitic and tonalitic gneisses. This age was 

debated to be erroneous by Moorbath et al.  (1986), wh o presented a whole 

rock Pb–Pb isochron and Rb–Sr isochron ages (for the same rocks) of 

3378±49 Ma and 3280±130 Ma, respectively.  Another older Pb –Pb isochron 

age of 3664±79 Ma and 3405±53 Ma were reported for OMTG (Ghosh et 

al. ,  1996). A younger whole rock Rb–Sr isochron ages of 3135±85 Ma and 

3113±85 Ma (Sarkar et  al. ,  1979) were reported for the same unit .  The 

4 0Ar–3 9Ar ages of 3160±20 Ma from biotite (Baksi et  al . ,  1987) are 

concordant with the Rb-Sr ages mentioned above. The U-Pb LA-ICPMS and 

2 0 7Pb/2 06Pb ion probe ages of zircons for the OMTG range between 

3527±17 Ma to 3241±7 Ma (Misra et al. ,  1999; Acharyya et al . ,  2010). The 

OMTG magmas were emplaced between ~3.40 -3.30 Ga and the ~3.20 Ga 

ages were interpreted as a regional metamorphic event (Misra e t al. ,  1999; 
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Mukhopadhyay, 2001; Acharyya et  al .,  2010).  The older OMTG ages of 

~3.6-3.5 Ga were inferred as ages from an older intrusive or inherited 

xenocryst population (Acharyya et al. ,  2010). Recently four LA-SF-ICPMS 

2 0 7Pb/2 06Pb zircon age populations at 3437±23, 3293±12, 3194±24, and 

2965±86 Ma were reported from tonalite and trondhjemite of the OMTG 

and LA-SF-ICPMS 2 0 7Pb/2 0 6Pb zircon age peaks at 3611±11, 3415±9, and 

3318±3 Ma, and minor peaks at 2953±41 Ma, ca. 2450 Ma, and ca. 1100 Ma 

of zircon grains from OMTG granites (Upadhyay et  al. ,  2014).  The 

3437±23 Ma age is inferred to be age of crystallization of the tonalite and 

age of 3318±3 Ma is attributed as age of igneous crystall ization of the 

granites. The 3293±12, 3194±24, 2965±86 Ma, and 2953±41  Ma ages were 

interpreted as successive metamorphic ages (Upadhyay et  al . ,  2014).  The 

older ages (3611±11 and 3415±9 populations) were from xenocrystic cores 

and it was inferred that  the granites of OMTG were derived either from an 

igneous precursor or from sediments sourced from igneous rocks 

(Upadhyay et al. ,  2014).  

2.2.3 Singhbhum Granite Complex (SGC)  

The central  part of the SC is, generally,  occupied by granitoids (referred as 

Singhbhum Granite Complex (SGC). The SGC is a 150 km long × 50 km 

wide N-S elongated multiphase granitoid Complex. It is inferred to have 

been emplaced during three successive phases (Saha , 1994) on the basis of 

field relations, color index, modal percentages of quartz, K -feldspar and 

muscovite and the chemical composition of the se granitic rocks. Phase-I 

and Phase-II of SGC, which have been emplaced after formation of OMG 

and OMTG, was successively followed by the deposit ion and folding of 



23 | P a g e  

 

IOG and the emplacement of Phase-III of SGC (Saha, 1994).  The presence 

of enclaves of OMG amphibolites and OMTG and absence of IOG rock 

enclaves within the Phase-I and -II of SGC supports above conclusion. The 

Phase-I of SGC occurs only as small patches at the northern and eastern 

parts of the craton.  The Phase -II of SGC is mainly found to the s outhern 

contacts of the OMTG. The Phase -III of SGC occurs all  around the craton. 

The Phase-I rocks are describes as K-poor granodiorites– trondhjemites 

while Phase-II rocks and Phase-III rocks as granodiorites grading into 

adamellitic granites (Saha , 1994). Pb–Pb whole-rock isochron ages of 

3442±26 Ma and 3298±63 Ma were obtained from Phases I and II of SGC 

(Ghosh et al. ,  1996), whereas Moorbath et al . (1986) reported an age of 

3292±26 Ma for the same. The Phase III of SGC has whole rock Rb –Sr 

isochron ages of range between ~ 3.15 Ga and ~2.95 Ga (Sarkar et  al. ,  

1979; Paul et al .,  1991). The K–Ar ages of biotite from different phases of 

the granite cluster around ~2.70 Ga (Sarkar et al .,  1979). The six  

2 0 7Pb/2 06Pb spot ages of zircons were obtained for Phase -I of SGC viz. , 

3350±20, 3262±12, 3165±17, 3015±16, 2790±27, and 2521±44 Ma 

(Upadhyay et  al . ,  2014).  The 3350±20 Ma age was interpreted as 

emplacement age of Phase-I of SGC (Upadhyay et al. ,  2014). The 3262±12, 

3165±17, 3015±16, 2790±27, and 2521±44 Ma ages  are interpreted as ages 

of subsequent metamorphism (Upadhyay et al. ,  2014). Similar metamorphic 

ages were also reported from OMTG rocks, except 2790±27 Ma age. 

Similarly zircons from Phase-II of SGC were dated 2 0 7Pb/2 0 6Pb age of 3336 

± 4 Ma, which was att ributed crystallization age of granites (Upadhyay et 

al. ,  2014). The 2 0 7Pb/2 0 6Pb age 3281±4, and 3163±9 Ma were interpreted as 
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metamorphic ages of granites of from Phase -II of SGC (Upadhyay et  al. ,  

2014). Zircons from Phase-III of SGC were dated 2 0 7Pb/2 0 6Pb age of 

3445±4 Ma, which was interpreted as crystallization age of granites 

(Upadhyay et al. ,  2014). The 2 0 7Pb/2 0 6Pb age 3347 ± 8, 3128 ± 42, and 2962 

± 33 Ma were interpreted as metamorphic ages of granites of from Phase -

III of SGC (Upadhyay et al. ,  2014).  

2.2.4 Iron Ore Group (IOG)  

The SGC is bordered by several greenstone belt  successions collectively 

known as the IOG belts such as the Tomka -Daiteri in the south and 

southwest,  the Gorumahisani -Badamphar in the east, and the Noamundi -

Koira in the west.  The low grade volcano-sedimentary sucessions are 

comprised of low-grade metasedimentary rocks including phyllite,  

tuffaceous shale, banded hematite jasper (BHJ) with iron ore, and 

ferruginous quartzite,  local  dolomite,  felsic -, intermediate- and mafic 

volcanics, and mafic sill -like intrusive (Saha, 1994). A minimum age of 

3.20–3.10 Ga for deposition of IOG is indicated by the age of granitoids 

intrusive into the greenstone successions (Paul et al. ,  1991; Misra et al. ,  

1999).  A SHRIMP U–Pb zircon age of 3507 ± 2 Ma for dacit ic lavas of the 

southern IOG establishes a Paleoarchean age of the greenstone belts 

(Mukhopadhyay et  al. ,  2008).  A similar ion microprobe U–Pb age 3392 ± 

29 Ma has been reported from a tuff layer in the western IOG (Basu et  al. ,  

2008).  The date of 3285±7 Ma obtained for the Nayadhi unfoliated 

pegmatitic bioti te granodiorite that is overlain by conglomerate of the 

northern part of the Jamda-Koira basin,  provides a significantly younger 

maximum time than that reported by Basu et al. (2008) for  deposition of 
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some of the sedimentary rocks within the Jamda -Koira basin (Nelson et  al . ,  

2014). A minimum age for sediment deposition for the eastern 

(Gorumahisani-Badampahar) basin is provided by the date of 3087±3 Ma 

obtained for the intruding Mayurbhan j Granite (Nelson et al. ,  2014). An 

older minimum age for the sedimentary rocks within this basin was 

constrained by the U–Pb zircon dates of 3123±7 and 3119±6 Ma for 

gabbroic suites that  have intruded the IOG sedimentary rocks (Augé et  al. ,  

2003).  Another older minimum age of deposition is constrained by the date 

of 3326±5 Ma for the Rairangpur biotite -muscovite monzogranite (the 

eastern Gorumahisani-Badampahar basin) (Nelson et  al. ,  2014).  

2.2.5 Equivalent Granitic bodies of SGC  

2.2.5.a Bonai Granite :  The Bonai Granite (BG) is separated from the main 

granitic batholi ths (SGC) by the western basin of IOG commonly referred 

as Jamda-Koira basin (Figure 2.2). The most dominant porphyritic granite 

unit of BG ranges in composition from granite to granodiorite a nd 

sometimes to tonalite.  The equigranular unit  of BG is two -mica 

trondhjemite.  The BG pluton is younger than the IOG supracrustals on 

basis of intrusive relationship and is stratigraphically equivalent to SBG -

III (Misra,  2006).  But the whole-rock Pb-Pb age of ~3.16 Ga (3163±126 

Ma, Sengupta et  al . ,  1991) from Bonai Granite pluton make it younger than 

the all  phases of SGC.  

2.2.5.b Nilgiri Granite :  The Nilgiri  Granite (NG) forms the southeastern 

part of the Singhbhum-Orissa craton. NG is separated from the  SGC by a 

narrow strip of IOG phyllite and schistose epidiorite (Fig ure 2.2). The NG 

varies in composition from tonalite -trondhjemite-granodiorite to granite. 
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The various granitoid units of the Nilgiri Granite have yielded whole rock 

Pb-Pb and Sm-Nd ages (3292+63/-66 Ma, 3225+102/ -111 Ma, 3294±50 Ma, 

3270±100 Ma, 3290±160 Ma, Saha, 1994) mostly at ~3.29 Ga within the 

uncertainty ranges.  

2.2.5.c Chakradharpur granite gneisses :  The Chakradharpur Granite 

Gneiss (CGG) is an isolated body occurring within the yo unger Singhbhum 

Group (a younger supracrustal  cover) present along the northern, eastern 

and northwestern margins of the craton. It hosts a nu mber of granite 

intrusive bodies. The older tonalite gneiss of CGG constitutes the basement 

of the overlying Singhbhum Group. The younger pegmatit ic granodiorite -

granite unit has intruded the older gneiss as well as the enveloping 

supracrustals. The older tonali te gneiss phase is considered equivalent to 

the SBG-I or II,  on basis of geochemistry. On the other hand the  pegmatitic 

phase is considered equivalent to the younger granite plutons (e.g.  

Arkasani Granite and Mayurbhanj Granite) occurring within the Singhbhum 

Group (Saha, 1994).  

2.2.5.d Mayurbhanj Granite (MBG) :  The MBG occurs as intrusive 

batholiths into Singbhum granite and the Singhbum group at the 

northeastern part of the SC. The MBG by composition is a biotite -

hornblende bearing syenogranite grading to alkali -feldspar granite (Misra ,  

2006). Three main phases were identified within the Mayurbhanj Granite;  

the main bioti te granite phase,  the subordinate aplogranite and granophyric 

microgranite phases (Misra et al. ,  2002).  The age of 3087±3 Ma obtained 

for the MBG by Nelson et al. (2014) was in agreement (within uncertainty)  

with the zircon 2 0 7Pb/2 0 6Pb ages of 3080±8 Ma and 3084±5 Ma obtained by 
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Misra et al. (1999) for the main coarse biotite granite and aplogranite 

phases of the MBG. The geochemical evidences suggested that the biotite 

granite,  aplogranite and granophyric microgranite phases of the 

Mayurbhanj Granite were derived from common parent magma and hence 

they share the same emplacement age (Misra et al. ,  2002).  

 

2.2.6 Singbhum Group (SG)  

The Singhbhum Group (SG) occurs as curvilinear belt at extreme north 

extremity of SC and it  separates the SC from the  Chotanagpur Gneissic 

Complex. The SG is also known as the Singhbhum Mobile Belt or North 

Singhbhum Mobile Belt (Saha, 1994). The SG lies un -conformably over the 

SGC and its equivalents viz., the Bonai Granite and the older member of 

Chakradharpur Granite Gneiss (Bandyopadhyay and Sengupta,  1984; Saha, 

1994; Sengupta et al . ,  1991). The SG is separated from the rest of the SC 

by a remarkable curvilinear shear zone known as the Singhbhum Shear 

Zone (SSZ). The presence of numerous ultramafic bodies all along t he 

southern margin of the thrust zone and in the thrust zone itself (Saha, 

1994),  and the regional gravity studies (Verma et  al. ,  1984) indicates the 

deep-seated nature of SSZ. The SG is constituted by pelitic and semipelitic 

schists,  para-amphibolites,  quartzites, felsic to intermediate tuffs, and 

metamorphosed mafic si lls.  The SG was affected by two major phases of 

folding. The first phase was followed by shearing along the SSZ (Saha, 

1994) and was intruded by younger un-deformed MBG in the eastern part o f 

SG (Saha et al . 1977) and Tamperkola Granite in the western part of SG 

(2809±12 Ma and 2836±67 Ma; Bandyopadhyay et al . ,  2001).  The 
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supracrustals were also intruded the Kuilapal Granite (Gupta and Basu, 

2000; Nath and Bhattacharya, 2001) at the northeast ern part of the SG, and 

the Soda Granite (Dasgupta et  al. ,  1993; 2216±54 Ma, Sarkar et  al. ,  1985; 

whole-rock Pb-Pb age) and Arkasani Granite (Chattopadhyaya and Banerji,  

1984),  which are associated with the SSZ.  

 

2.2.7 Dalma Vocanics (DV)  

The Dalma Vocanics (DV) is metavolcanic sequence which overl ies the SG 

and is almost centrally located along the entire length of SG (Gupta and 

Basu, 2000; Saha, 1994). The metavolcanic sequence of the DV has the 

shale-phyllite, carbon phyllite -tuff with interlayered volcanics at bottom. 

This is followed by deposition of extensive ultramafic volcanoclastics, 

conglomeratic flows and intrusives of komatiite  nature.  The lower 

ultramafic horizon is overlain by tholeii te lava flows and both layers are 

separated by pyroclastic rocks. Inter-trappean beds and prominent 

ignimbrite bodies (north of the Dalma belt) are also present within the 

Dalma Volcanics.  The Dalma Volcanics show whole -rock Rb-Sr age of 

~2.50-2.40 Ga (2396±110 Ma, Misra and Johnson, 2005).  It can be 

considered as i ts metamorphic age (Misra , 2006). The Dalma Volcanics 

overlies the Singhbhum Group, and hence should be younger than ~3.09 

Ga. So it should have a formation age between ~3.09 and 2.50 Ga. The 

Dalma Volcanics are believed to be equivalent or older than the Dhanjori 

Group of rocks in stratigraphic sequence (Bose ,  1994; Saha, 1994). 

Therefore, the probable formation age of the Dalma Volcanics c ould be 

considered as ~2.80 Ga (Misra , 2006).  
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2.2.8 Dhanjori Group  

The Dhanjori Group is a group of supracrustals, o verlying the SGC and 

IOG rocks (Sarkar and  Saha, 1962, 1963, 1977; Saha, 1994).  It occurs at  

the  northeastern part of the SC (Figure 2.2) adjacent  to the SSZ and is 

considered older than the Mayurbhanj Granite (Saha, 1994). The 

stratigraphic position of Dhanjori group in relation to the Singhbhum 

Group is debatable.  According to some workers the Dhanjori Group is 

younger than the lower Chaibasa Formation of the SG, which is 

overthrusted on the former (Dunn and Dey, 1942; Sarkar and Saha, 1977). 

And some workers, on the basis of their field observations on structural  

relationship of the successive members of the Dhanjori  Group and 

juxtaposing Chaibasa Formation in the Rakha mines area, suggests that the 

Dhanjori  Group is older than Chaibasa Formation (Sarkar and Deb, 1974; 

Mukhopadhyay, 1976).  The structural relationship between the high - and 

low-grade metamorphics along the SSZ and the geochemical similarities 

between the Dalma and the Dhanjori Lavas, suggests that  the Dhanjori  

Group is nearly contemporaneous  with the DV and is also younger than the 

Chaibasa Formation (Saha , 1994).  The Dhanjori Group consists of quartzite 

and metapeli te in the lower horizon followed upward by mafic and 

ultramafic tuffs and intrusives, and tholeiitic lavas in the stratigraphic 

sequence (Dunn and Dey, 1942; Gupta et al. ,  1985; Saha, 1994). The 

Dhanjori Volcanics have whole rock Pb -Pb age of 2858±17 Ma and Sm-Nd 

age of 2787±270 Ma (Misra and Johnson, 2005). This age of ~2.8 Ga is 

interpreted as the formation age of Dhanjori Volcanics (Misra, 2006).  
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2.2.9 Simlipal Group  

The Simlipal Group occurs as a large oval -shaped un-deformed volcano-

sedimentary sequence at the eastern part of the SC (Fig ure 2.2) and it  

overlies the SGC, IOG, Nilgiri  Granite and SG. It  is  intruded by younger 

MBG and Mayurbhanj Gabbro (Saha, 1994). The base of Simlipal Group is 

constituted by basal  arkosic orthoquartzite, which is followed by three 

alternate bands of basic volcanics, and separated by two prominent inter -

trappean orthoquartzite bands (Misra 2006 ). The volcanics mainly consist 

of spilit ic lavas and tuffs (Iyengar and Banerjee,  1964; Saha, 1994).  At the 

central  part  of this volcano-sedimentary basin,  there occurs a differentiated 

sill ,  named as Amjori Sill (Misra , 2006).  

2.2.10 Jagannathpur and the  Malangtoli Lavas  

Two more important un-deformed basic volcanic units at the western and 

southwestern parts of the SC, are known as the Jagannathpur  and the 

Malangtoli  Lavas (Saha, 1994), also referred as Dangoapasi  Lava). The 

Jagannathpur and Malangtoli  Volcanics are mostly basalt ic andesite in 

composition (Bose, 2000). The stratigraphic position of these lavas is 

uncertain.  The Jagannathpur and Malangtoli Volcanics alongwith Simlipal 

Vocaniocs,  were believed to be contemporaneous or near -contemporaneous 

with the Dalma Volcanics (Saha, 1994). Jagannathpur and Malangtoli  

Volcanics have also been included within the IOG (Sengupta et  al . ,  1997).  

The Jagannathpur Lava yields a whole -rock Pb-Pb age of ~2.25 Ga 

(2250±81 Ma, Misra and Johnson, 2005),  which may als o be considered as 

the formation age of the Malangtoli Lavas.  
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2.2.11 Newer Dolerite Dyke Swarm (NDDS)  

Neoarchaean and Proterozoic magmatism in the Singhbhum Craton is 

manifested mainly as mafic metavolcanic suites and dyke swarms (Mir et  

al. ,  2013). Dykes of various orientations and mafic to felsic composition 

intrude the SGC, and are collectively referred as the Newer Doleri te Dyke 

Swarm (Dunn, 1940; Saha, 1994; Mahadevan, 2002).  The NDDS were 

emplaced in four distinct  strike patterns,  NNE –SSW, N–S, NNW–SSE and 

WNW–ESE (Figure 2.2).  They traverse a number of rock types, including 

the Gorumahisani -Badampahar BIF, Gorumahisani greenstones, and the 

Bonai Granite, but do not cut across Paleoproterozoic rock suites on the 

periphery of the SGC- specifically the Noamundi-Koira BIF, Dhanjori,  

Ongarbira and Jagannathpur metavolcanic suites (Banerjee, 1982). NDDS 

traverses within the SGC having four distinct  i .e. , NNE–SSW, N–S, NNW–

SSE and WNW–ESE strike patterns (Mallick and Sarkar, 1994; Saha, 

1994).  Most  common rock types are quartz dolerites and norites, however 

Granophyre, microgranite, syenodiorite are rarely found with the Newer 

dolerites and minor ultramafic intrusions are much subordinate to the 

NDDS (Saha, 1994).  Most significant of the ultramafic intrusions  are those 

of Keshargaria. The NDDS marks the termination of cratonization in the 

Singhbhum crustal  province. Saha, Sankaran & Bhattacharyya (1973) 

emphasized that the NDDS intrusions are certainly not monotonously 

uniform petrologically and geochemically and also at least two phases of 

dyke intrusion are involved on basis of data shown from six isolated areas. 

Mallik & Sarkar (1994) further confirm s the observations of Saha et  al .,  
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(1973). Mir et  al . ,  (2010), (2011) and (2013) have observed on basis of the  

XRF and ICP-MS data that  compositional variation from basalt to andesite. 

Studied mafic dykes show geochemical characteristics similar to those of 

back-arc extension basaltic rocks (Mir et  al. ,  2010,2011) and 

Discrimination diagrams (Ti/Y vs.  Zr/Y (Pearce  and Gale,  1977) and Zr vs 

Zr/Y (Pearce and Norry, 1979) for dist inguishing tectonic environments 

indicated studied dykes have supra subduction zone geoch emical 

characteristics ( Mir et al . ,  2013). Many age determinations have been 

attempted on the NDDS. The K–Ar whole-rock ages vary considerably 

within and between swarms and range from 2144 to 950 Ma (2144±39 Ma, 

2105±38 Ma, 2068±38 Ma, 2004±35 Ma, 1960±40 Ma, 1540±16 Ma, 1456 

Ma, 1290 Ma, 1220 Ma, 1080 Ma, 1069 Ma; Sarkar (1969),  Sarkar and Saha 

(1977) and Mallik and Sarkar (1994)).  One Rb–Sr whole-rock isochron age 

of 2613±177 Ma (Roy et  al . ,  2004) was reported for a NNE–SSW trending 

ultramafic dyke. Although these age determinations have shown that most 

of the NDDS are Proterozoic and at least one of the se could be late 

Archean, it  is  not clear whether the large spread in the measured ages from 

Mesoproterozoic to Neoarchean is real  or due to inherent limitations of the 

dating methods when applied to Proterozoic rocks. Verma and Prasad 

(1974) on basis of Paleomagnetic data had predicted that the large 

differences in pole positions of different groups of dykes could mean that 

the igneous activity represented by the NDDS might have lasted for fairly 

long period of time. They found three different pole positio ns from their 

study which are shown in figure below. On the basis of paleomagnetic data,  

a limited stratigraphic correlation was attempted. They postulated that the 
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igneous activity represented by the group (of studied si tes) could be 

intermediate in age between the Kaimur quartzites (910 -940 Ma) and the 

Cuddapah formations (1100-1600 Ma).  

2.2.12 The Kolhan Group 

The Kolhan Group (Saha, 1994), which is undeformed and occurring at the 

western margin of the Singhbhum Granite, consists of sandstone, 

conglomerate, argil laceous limestone and shale. The overlying Kolhan 

Group, therefore, has younger age of ~ <2.25 Ga.  
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Chapter 3 

Detailed Account on Analytical techniques and Instrumentation  

3.1 Introduction 

The present chapter is  to discuss the details of sampling procedures 

followed, sample preparation  methods adopted, analytical  technique used 

and their principals. All of these points will be discussed w ith reference to 

Geochronology and Paleomagnetism under specific sections.  

3.2 Baddeleyite Geochronology 

Baddeleyite (ZrO2),  is a common accessory mineral in mafic rocks, was 

first discovered in 1892 by Joseph Baddeley, a tea tycoon, in Sri Lanka 

(Bayanova, 2006). The crystals of Baddeleyite are usually 30 –50 µm long 

but sometimes they can be upto 100 µm in length (Figure 3.1).  

 

Figure 3.1: Images of Baddeleyite crystals under (a) reflected light microscope and (b) 

under SEM. The Figure 3.1(a) shows very clearly that the Baddeleyite crystals are 30-50 

µm in length but some crystals can grow as long as 100 µm.  

 

The mineral belongs to the monoclinic crystal system. The hardness of 

Baddeleyite is 6.5 and its density varies from 5.4 to 6.0 g/cm 3 .  Baddeleyite 
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is found in carbonatites, alkaline syenites, rocks of layered mafic 

intrusions, diabase dykes, gabbroic sil ls, anorthosites, etc.  It  is considered 

to be an ideal geochronometer for U -Pb or Pb-Pb dating of mafic and 

ultramafic rocks. According to the detailed review (Heaman and 

LeCheminant,  1993), baddeleyite was first dated as a “by -product” of the  

U–Pb studying of mantle zircon megacrysts, a research that  was initiated 

by T. Krogh and A. Erlank in the early 1970s at the Carnegie Institute of 

Washington, Washington, DC (cf. Bayanova , 2006).  It  generally contains 

sufficiently high concentrations of uranium (500 to several 1000 ppm; 

Heaman and LeCheminant, 1993) with concordant or nearly concordant 

(less than 1% discordant typically) U–Pb data,  even without any of the pre 

treatments typically required for zircon preparation, as it  appears to be 

much less susceptible to Pb loss than zircon, and importantly, it  rarely 

occurs as xenocrysts in mafic rocks (cf. Kumar et al. ,  2014).  Baddeleyite, 

like zircon, has a high closure temperature (>900°C) with regards to the U -

Pb system (Heaman and LeCheminant, 1993).   Due to such exceptional 

qualities, this mineral is considered to be an ideal geochronometer for U –

Pb or Pb–Pb dating of mafic and ultramafic rocks. Precise U –Pb age 

determination of mafic magmatism (to ~0.1% precision) has been possible 

mainly by the analysis of baddeleyite (ZrO 2).   

3.2.1 Sampling  

Fresh, unaltered, in-situ rock samples were collected from the middle of 

the dykes. Most of the sites are rock queries, road cuts,  or river cuts 

exposing the fresh rocks of dykes. More than one sample is  colle cted from 
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each such si te. In total samples from 10 distinct  dykes were collected and 

analysed in the present work  (Figure 3.2).  

3.2.2 Sample preparation and analysis  

In this work the Pb-Pb baddeleyite geochronology by the thermal 

extraction–thermal ionizat ion mass spectrometry method (Kumar et  al. ,  

2014) has been used to establish ages of dyke events within Newer Doleri te 

Dyke Swarm. First step of analysis was separation of baddeleyite grains 

from the collected rock samples. All  of these results have been p ublished in 

Shankar et al.  (2014) and Kumar et al. (2017).  The same results are 

reported and discussed in next chapter.  All the samples were prepared, 

processed and analysed at CSIR -NGRI using in-house facilities. The 

samples were first crushed to < 125 μm grain size using a jaw cru sher 

(Figure 3.3(a)) followed by a ring grinder (Figure 3.3(b) ).  These samples  

were further concentrated by the “water -based” separation technique 

(Söderlund and Johansson, 2002) using a Wilfley table (Figure 3.3(c ),  (d) 

and Figure 3.4(a),  (b)). The baddeleyite grains were separated by 

handpicking under a binocular microscope (Figure 3.4(c) ).  In addition of 

these a small  part  (10 mg) of a large baddeleyite crystal  (weighing 360 mg, 

donated by Neal McNaughton, from h is Curtin University collection) from 

the Phalaborwa carbonatite was also crushed in an agate mortar and sieved 

through a 125 μm mesh disposable  nylon sieve to  
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Figure 3.2: Geology map of the Singhbhum Craton (modified after Shankar et al. 2014), 

showing the sample locations of Geochronology by blue stars. The samples SKJ10 and 

SKJ15 are on WNW-ESE trending dykes, whereas all other sites are on NNE-SSW 

trending dykes.  
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Figure 3.3: (a) Jaw crusher, (b) Ring grinder, (c) Wilfley table, and (d) Feeding sample 

over Wilfley table for further concentration. 
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Figure 3.4: (a) Samples being concentrated by the “water-based” separation technique 

(Söderlund and Johansson, 2002) using a Wilfley table, (b) Collecting concentrated 

sample, (c) Handpicking the baddeleyite grains under a binocular microscope, (d) TIMS at 

CSIR-NGRI 
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match the size of grains separated from the dyk es.  The best  quality 

baddeleyite grains (Figure 3.5 ), which were mineral inclusions,  fractures 

and alteration free,  from both carbonati te standard and mafic dyke s were 

carefully selected through visible inspection using a binocular microscope.  

 

Figure 3.5: The best quality baddeleyite grains carefully selected through visible inspection 

using a binocular microscope from following samples (a) SKS 34, (b) SKJ 15, (c) SKJ 12, 

and (d) SKJ 10. 

 

The selected fractions (comprised of 15 -30 grains and weigh between 4-12 

μg) of such baddeleyite gains were cleaned in 4N HNO 3  at room 

temperature for 2 hours with intermittent ultrasonication in a Teflon 

beaker.  The grains were then rinsed several times in MQ H 2O and dried. 

Zone refined rhenium filaments (0.030 inches w ide by 0.001 inches thick) 
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were welded on the posts and bent using a jig to form a transverse 0.5 

millimetre broad and 0.5 -millimetre-deep ‘U’ shaped valley in the centre. 

These filaments were used for loading the baddeleyite grains separated and 

processed in previous steps. The filaments were outgassed and cleaned at 

alternating high (4.0 A) and low (2.0 A) temperature steps with the 

complete sequence lasting for 90 min. They were left for at  least a week 

before loading. The grains were loaded onto the bot tom of the valley of 

rhenium filaments. The  grains were kept in place by a minute droplet  of 

silica gel  for annealing at 1250 °C in a vacuum chamber at ~ 1 ∗10−7  mbar 

for 30 min. This step helps to expel disturbed Pb from altered domains. 

Thereafter the grains were embedded in silica glass on the same Re 

filament (Figure 3.6).  

 

Figure 3.6: Baddeleyite grains embedded in silica glass on the Re filament with ‘U’ shaped 

valley in the centre. 
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The previous step was done by fusing the grains with silica gel and 

phosphoric acid mixture at  1200 °C for ~10 min in a vacuum chamber. All  

these operations were performed under a stereomicroscope in a clean air 

station fitted with a HEPA filter.  

3.2.3 Data acquisition 

All the geochronology analyses were performed on a TRI TONPLUS-

Thermal Ionization Mass Spectrometer (Figure 3.4(d) and Figure 3.7 ) at the 

CSIR-National Geophysical Research Institute, Hyderabad.  

 

Figure 3.7: TRITONPLUS-Thermal Ionization Mass Spectrometer 
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In order to measure 2 0 6Pb, 2 0 7Pb and 2 0 8Pb, three high mass Faraday 

detectors (H1 to H3) connected to 10 1 1  Ω resistors were used, in static 

multi-collector mode with virtual amplifier rotation. The 2 0 4Pb signal was 

collected simultaneously by a secondary electron multiplier –ion counting 

system on the axial  channel, owing to the very small 2 0 4Pb signal.  Each 

cycle comprises of three 1.049 second integrations and each block of two 

cycles (and hence resulting in six ratios each). A 10 second instrument 

baseline was performed at the start of the analysis and after every 10 

blocks with the beam deflected out of the Faraday cups using the x -

symmetry lens. 2 0 6Pb beam intensit ies varied between 60 and 400 mV (and 

was dependent on the size of the sample loaded) where the 2 0 7Pb beam was 

always greater than 5 mV. Data acquisition was made when the temperature 

of the ionization filament was generally between 1530 and 1580°C and was 

monitored using a Keller pyrometer (Model -PZ409x/D).  

3.2.4 Data reduction 

Amplifier gains and Faraday/SEM-ion counter calibration were performed 

at least once every day. The corrections were subse quently applied to the 

data. During this period the count gains were in the range of 97.0±0.3% 

relative to the axial  Faraday cup. The dead time correction for the ion 

counting system is 20 ns.  This dead t ime correction was determined during 

installation and was verified after the measurements. This is not significant 

for measurements of 2 0 4Pb where the signal was of the order of several  

hundred counts per second but an incorrect  value would affect the relative 

gain correction for the ion counter. Isotopic r atios were corrected for 

instrumental mass fractionation of 0.18%/amu. This value is marginally 
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higher than the average of 0.1% generally observed with Pb emission for 

dissolved silica gel  loads (Huyskens et  al .,  2012). This value is based on a 

comparison of TE-TIMS and ID-TIMS age determinations on zircon from 

several Precambrian rocks (Davis, 2008).  2 0 7Pb/2 06Pb and 2 0 8Pb/2 0 6Pb ratios 

were corrected for measured common Pb, based on 2 0 6Pb/2 0 4Pb, on a block-

by-block basis (following Davis , 2008). This step was required as the 

2 0 6Pb/2 04Pb ratio was observed to constantly change during the run, as the 

source of the non-radiogenic 2 0 4Pb is different from that  of the radiogenic 

2 0 7Pb and 2 0 6Pb isotopes. The ages for each block were calculated from the 

determined 2 0 7Pb/2 0 6Pb and 2 0 4Pb/2 0 6Pb ratios with corrections for common 

Pb according to the model proposed by Stacey and Kramers (1975).  Ages 

were determined from weighted means of fraction averages using accepted 

decay constants (Jaffey et al.,  1971) and are repor ted in next chapter. It is  

assumed that all  excess scatter between runs is  due to fractionation 

uncertainty and an additional error of ± 0.055%, as calculated using the 

external error function in Isoplot (Ludwig, 2003), was added to the 

weighted averages. This corresponds to a fractionation uncertainty of ± 

0.03%. All  age errors are quoted at  either 2σ or 95% confidence.  

3.3 Paleomagnetism 

3.3.1 Sampling  

Samples for paleomagnetic studies were collected as oriented block 

samples from the field then were sub jected to coring and cutting into 

standard specimen size. The block samples were collected after orientation 

by leveling the surface of the sample with chisels and scrapper and with the 
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help of the precision spirit  level,  Brunton compass as well as Sun com pass 

(Figure 3.8). The leveled surface of the samples was marked with North.  

The samples were collected from freshly exposed and in situ outcrops 

exposed along the stream banks, road cuts and queries etc.  Every sample 

was numbered in serial. The sample locations are shown in Figure 3.9. 

Before proceeding further ,  we would like to define some terms related to  

sample collection and processing. These terms should be read -wherever 

they appear in this work- as defined here.   

 

Figure 3.8: On left is sketch of an ideal oriented block sample and the on right is the field 

photograph of an oriented block sample from the site K11. 

 

A site  is defined as an exposure of a particular bed in a sedimentary 

sequence or a cooling unit  in an igneous complex (i.e.,  a lava flo w or 

dyke). If  we assume that  a primary Natural  Remanent Magnetization (NRM) 

direction can be determined from the rock unit , then the results from an 

individual site would provide a record of the geomagnetic field direction at  

the sampling locality during the (ideally short) time interval,  when the 

primary NRM was acquired by the target rock unit. To provide adequate 
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time sampling of the geomagnetic field,  fundamental  to most paleomagnetic 

applications, multiple si tes within a given rock unit are needed. It  is  a 

common practice to collect five to eight separately oriented samples from a 

site outcrop. The samples collection should be separated by >5m over the 

outcrop. Such a sampling protocol allows us to compare NRM directions of 

samples from same site to evaluate within-site homogeneity of the NRM.  

The specimens  are the cored pieces of samples cut into appropriate 

dimensions for measurement of NRM. The dimension of each specimen is 

2.56 cm in diameter and 2.2 cm in length. Multiple specimens (generally 5 -

10) were cored and cut from an individual sample,  and this procedure 

provides additional checks on homogeneity of the NRM and experimental  

procedures.  A typical specimen has volume ~10 cm 3 .   

3.3.2 Sample preparation and analysis  

The block samples were cored at Rock Coring and Cutting section, CSIR -

NGRI, after orienting the samples into the field posit ion with the help of 

precision spirit  level (Figure 3.10). Two to three cores were taken out from 

each sample. Later these cores were cut into a standard specime n of size 

2.5 cm in diameter and 2.2 cm in length and numbered as aI,  aII,  aIII,  bI, 

bII,  bIII etc. The orientation marking was transferred onto all the 

specimens. Standard demagnetization procedures including incremental  

alternating field (AF) and/or heat  treatment (TH) were performed. The 

details  regarding both methods are discussed in following paragraphs.  
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Figure 3.9: Geology map of the Singhbhum Craton (modified after Shankar et al., 2014), 

showing the sample locations of Paleomagnetism. The locations on WNW-ESE trending 

dykes are shown by purple stars and for NNE-SSW trending dykes are shown by red stars.  
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Figure 3.10: The coring machine at Rock Coring and Cutting section, CSIR-NGRI and one 

the samples just before drilled cores were removed from block sample. 

 

In Molspin Alternating Field demagnetizer (Figure 3.11 ) the rock specimen 

is subjected to a peak alternating field of various field strengths enable to 

cover the entire magnetization of grains of wide coercivity range to follow 

the applied field.  

 

 

 

 

 

 

Figure 3.11: Molspin Alternating Field demagnetizer 
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This applied field is  slowly reduced to zero, leaving the magnetization of 

those particles in a random orientation, therefore,  leaving only remanence 

of the particles with coercivities greater than that of the applied field.  The 

demagnetizing unit comprises of a coil  through which a pure alternating 

current is passed to create an alternating magnetic field along the axis of 

the coil.  The specimen to be demagnetized is kept in the ebonite specime n 

holder which rotates about two perpendicular axes and is placed inside the 

demagnetized coil . The coil  takes up a maximum current of 5 amperes when 

220 volts AC is applied. The specimen to be demagnetized is kept in 

ebonite specimen holder and the motor is started. The specimen holder 

tumbles inside in the solenoid where the AF is produced. The current is 

gradually increased and reduced to zero by means of a motor operated 

dimmer-stat. In order to avoid any Anhysteretic effects due to the presence 

of direct magnetic field over an alternating magnetic field,  a field free 

space is created by the use of three sets of Helmholtz coils where the 

demagnetizing coil is placed. After demagnetization, the NRM of the 

specimen is measured to know the direction and int ensity at that particular 

field. This procedure is repeated at increasing alternating fields. The 

primary magnetization is considered to be stable if i t  remains i ts  direction 

even at  higher demagnetizing fields.  

Thermal demagnetization is a very important technique through which one 

can demagnetize the rocks very effectively as and when the same is not 

possible by alternating field demagnetization. This is  a powerful technique 

used for removing secondary components of magnetization acquired due to 

partial reheating late in the history of rock and cooled in the then ambient 
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magnetic field.  To remove the secondary magnetization in a rock sample, 

the specimens are to be heated step by step at progressive intervals of 

increasing temperatures and cooled in a magn etic field free space. This is  a 

way by whichthe stabili ty of the remnant vectors can be examined. All 

specimens were demagnetized in thermal demagnetizer (MMTD-80) (Figure 

3.12).   

 

 

 

 

 

Figure 3.12: Thermal demagnetizer (MMTD-80) 

 

This instrument consists  of a heating chamber and a cooling chamber.  Both 

the chambers are attached to each other and a shutter is  provided in 

between to open and close.  These two chambers are enclosed in a non -

magnetic Mu metal  shield. A temperature -set  is provided to adjust the  

required temperature where the specimens are to be heated. After heating 

the specimens in heating chamber are transferred into the cooling chamber 

with the help of a glass rod. The specimens are cooled in the cooling 

chamber which is provided with a blowe r to facilitate rapid cooling to 

avoid alterations.  After cooling, the specimens are measured one after 

another on the spinner magnetometer to know the direction and intensity at  

every temperature.  
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At least one specimen per sample was subjected to detailed stepwise AF 

and/or thermal demagnetization, to a maximum of 120 mT or 620°C. After 

each step of incremental demagnetization, the natural  remanent 

magnetisation (NRM) was measured using JR -6 spinner magnetometer 

(Agico).  

  

 

 

 

 

 

Figure 3.13: JR-6 spinner magnetometer (Agico) 

 

The Spinner magnetometer works on a p rinciple that the generation of an 

alternating voltage by the continuous spinning of a magnetized sample 

within or near a coil  or fluxgate system. For a given sensor configuration , 

the amplitude of the output voltage is proportional to the component of 

magnetic moment perpendicular to the rotation axis and the phase of the 

voltage is utilized to relate the direction of the measured component to a 

reference direction on the sample. The direction in th e sample of the 

rotating moment in a plane perpendicular to the rotation axis is measured 

relative to a fixed direction in the plane by means of a reference signal 

obtained from the rotation system. The measurements of Natural Remnant 
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Magnetization (NRM) were done to know the direction and intensity of 

these specimens on a very sensitive instrument, Spinner Magnetometer (JR -

6). The sensitivity ranges of JR-6 (Figure 3.13) is less than 2.5/10 -7  emu 

total moment. This instrument is  manufactured by Schonstedt Company, 

Virginia, and U. S. A. This instrument consists of a pick -up coil which is 

placed inside a non-magnetic chamber made up of the Mu metal, a mini -

computer (magnetometer), which computes the values received from pick -

up unit and a teletype which is i nterfaced with JR6. A standard cylindrical 

specimen of the size 2.5 cm diameter and 2.2 cm length were prepared so 

that  to fit in the sample holder and these specimens were spun six times 

near the pickup coil  system with the help of a pulley cart  at tached with a 

motor. The spinning of the specimen is done as directed by the 

manufacturer.  The rotating specimen equivalent to a dipole induces as 

earth’s magnetic field (emf) in the pickup coil which is proportional to the 

direction and intensity of magnetization of the specimen. At the end of the 

sixth spin, the minicomputer averages and calculates the values of the three 

principal components and gives out the result of declination (D),  

inclination (I) and the intensity (Jn).  

The directional data was analysed, u sing Principal Component Analysis 

(PCA) (Kirschvink, 1980) in combination with Zijderveld diagrams 

(Zijderveld, 1967).  Acceptance criteria for l inear segments on vector 

diagrams were the number of consecutive demagnetization points (≥5) and 

maximum angle of deviation ≤10° (Kirschvink ,  1980). In most cases the 

stable characteristic remanance magnetisation (ChRM) dir ection is defined 

by clear l inear segments to the origin, which has been isolated by 
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demagnetization due to either after 40 -100 mT AF treatment or af ter 

heating at 400-600°C.  

Isothermal remnant magnetisation (IRM) studies were performed on an 

ASC Scientific Model MMPM-10 impulse magnetizer  (Figure 3.14).  It  has  

sophisticated high field instrument for creating Isothermal Remnant 

Magnetizations (IRM's) can accurately generate pulsed fields of up to 9 

Tesla, a much higher field than most conventional pulse ma gnetizers. The 

MMPM-10 allows us to accurately set the field on either the mT or T rang e 

using a digital display. Once the MMPM-10 is triggered it  measures the 

actual peak field and displays it  so we can be certain of the peak field 

value that your sample received.  

 

 

  

 

Figure 3.14: MMPM-10 impulse magnetizer 

All the analysed data of this have been reported in form of full publications 

viz, Kumar et  al . ,  (2017) and Shankar et al. ,  (2017) (See Annexure-I and II 

for details).  The data is presented in detail in next chapter.  
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Chapter 4 

Analytical Results  

4.1 Introduction 

In the present chapter we will describe the results of Chronology and 

Paleomagnetic study of WNW-ESE and NNE-SSW trending members of 

NDDS. The results are presented in separate sections for Geochronology 

and Paleomagnetic studies. These sections are further divided into 

subsections to present the results of WNW -ESE and NNE-SSW trending 

members of NDDS separately.  

4.2 Petrography 

All the dykes sampled and studied under this study were doleritic in 

composition consist ing of calci c plagioclase and clinopyroxene. The 

photomicrographs representative of WNW -ESE and NNE-SSW trending 

members of NDDS are presented in Figure 4.1. Site K11 is located on a 

WNW-ESE and si tes SKS 9, SKS 27 and SKS 34 are lo cated on NNE-SSW 

trending dykes respectively.   

The samples from WNW-ESE trending dykes exhibit typical ophitic to sub-

ophitic  texture in thin sections.  The essential  mafic minerals are pyroxenes,  

plagioclase and amphibole. Plagioclase was in the form of eu hedral  to 

subhedral tabular grains (Figure 4a and 4b). Plagioclase varies in 

composition from anorthite to albite. Sericit ization was observed in fine 

grained plagioclases (Figure 4a and 4b). The clinopyroxene was mainly 

augite in the form of euhedral to subhedral  prismatic grains with pinkish to 
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greenish pleochroism and inclined extinction (Fig ure 4a and 4b). Pyroxene 

in some altered samples is replaced by chlorite and actinoli te.  Amphibole 

was in the form of prismatic grains, showing greenish pleochroism . 

Accessory minerals are opaques (mainly magnetite), apati te,  chlorite and 

rutile.   

The samples from NNE-SSW trending dykes exhibit typical  ophitic to sub-

ophitic texture in thin sections.  The essential  mafic minerals are pyroxenes,  

plagioclase and amphibole. Mineral analyses of pyroxenes and plagioclase 

(Maity et al.,  2008) shows that the pyroxenes were varying in composition 

from augite,  subcalcic augite,  ferroaugite to pigeonite and the Plagioclases 

were varying in composition from albite to anorthite  (Figure 4c to 4h) . 

Occasionally it was observed that the pyroxenes were replaced by chlorite 

and actinolite. In parts of the different swarms the fine grained 

plagioclases were subjected to different degrees of sericitization. In most 

samples along the dyke swarm plagioclase grains were clouded to varying 

degrees (Figure 4c to 4h).  Alterations of both pyroxenes and plagioclases, 

of ‘Newer Dolerites’, had  been attributed to hydrothermal activity by 

previous workers (e.g. Sengupta et al. ,  2014). Common accessory minerals 

in these rocks were magneti te associated occasionally with ilmenite.   

We observed that  the petrographic studies do not show any major 

difference in the primary mineral compositions, other than the state of 

alteration either along strike or betwe en these dyke swarms.  The WNW-

ESE dykes are comparatively less altered than the NNE -SSW dykes.  
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Figure 4.1 Photomicrographs of dyke samples. (a) and (b) are from site K11, (c) and (d) are 

from site SKS 9, (e) and (f) are from site SKS 27 and (g) and (h) are from site SKS 34 

 

 

a b 

c d 

e f 

g h 
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4.3 Geochronology 

4.3.1 WNW-ESE trending members of NDDS 

Five baddeleyite fractions from Phalaborwa carbonatite standard were 

analysed in this work. The analysis has yielded a 2 0 7Pb/2 06Pb weighted 

mean age of 2060.1±0.7 Ma, with an MSWD (mean square of weighted 

deviates) of 0.57 (Table 4.1 and Figure 4.2). This age is indistinguishable 

(within error) from the reported 2 0 7Pb/2 0 6Pb ages of 2059.7±0.35 Ma 

(MSWD = 7.7,  n = 59) by Heaman  (2009) and 2060.6±0.5 Ma by 

Reischmann (1995),  obtained by the conventional U-Pb isotope dilution 

TIMS method.  

The results Pb-Pb baddeleyite (ZrO 2) TE-TIMS analysis for five 

baddeleyite fractions each separated from sites SKJ-10 and SKJ-15 of 

WNW-ESE trending members of NDDS are presented in Table 4.1 and 

Figure 4.2 (for sample locations please see Figure 3.2 ).  The fraction 

weighted mean 2 0 7Pb/2 0 6Pb ages for the two samples SKJ-10 and SKJ-15 are 

1766.2±1.1 Ma (MSWD = 1.6) and 1764.6±0.9 Ma (MSWD = 2.l) 

respectively. If  the assigned errors were the only cause of scatter, the 

MSWD will tend to be close to 1 (Ludwig, 2003). But in these datasets 

(Table 4.1) the MSWD was marginally higher at 1.6 and 2.1 respectively, 

and hence cannot be accounted by analytical errors alone. The higher 

MSWD for TE–TIMS data was attributed to fractionation error, which was 

estimated to be 0.05% for baddeleyite analysis. Addition of this 0.05% 

(i.e., 0.88 Ma) error to the data has resulted in 1766.0±1.0 Ma age (MSWD 

= 0.62) for SKJ-10 and 1764.6±0.9 Ma age (MSWD = 0.64) for SKJ-15. 
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This has reduced the MSWD to <1 but resulted  in the same errors for the 

weighted mean ages,  and hence suggesting that fractionation error should 

be included in all TE–TIMS data.  So, the grand mean age of 1765.3±1 Ma 

is interpreted as the best estimate for baddeleyite crystallization in these 

dykes and hence the emplacement age of the WNW –ENE trending members 

of NDDS. 

Table 4.1: TE–TIMS Pb isotopic data on baddeleyite fractions from the WNW-ESE trending 

members of the Newer Dolerite Dyke Swarm and Phalaborwa carbonatite baddeleyite standard 

Sample 

No. 

(location)  

No. Of 

blocks  

2 0 6Pb/2 0 4Pb 

(m) 

Absolute 

error  

2 0 7Pb/2 0 6Pb 

(m) 

207Pb/206Pb 

(c) 

Age (Ma)  

SKJ 10 

SKJ 10-1  24 64053 476 0.108139±226 0.107973±040 1765.7±2.4  

SKJ 10-2  26  22591  311  0.108593±160  0.107996±032  1766.8±1.8  

SKJ 10-3  15  29623  293  0.108749±161  0.107996±049  1766.8±2.6  

SKJ 10-4  37  42363  649  0.108325±094  0.107960±050  1765.2±2.6  

SKJ 10-5  28  41146  696  0.108228±095  0.107907±052  1764.7±2.8  

 

Grand weighted mean after adding fractionation uncertainty of 0.055%  

Age: 1766.0±1.0 Ma (MSWD = 0.62)  

 

SKJ 15 

SKJ 15-1  20  14807  191  0.108467±126  0.107944±031  1765.5±1.9  

SKJ 15-2  30  15417  144  0.108835±088  0.107976±029  1765.4±2.2  

SKJ 15-3  30  19812  282  0.108457±061  0.107881±028  1763.6±1.9  

SKJ 15-4  30  21270  302  0.108504±047  0.107894±023  1764.4±1.7  

SKJ 15-5  30  18451  253  0.108559±055  0.107907±039  1764.6±2.2  

Grand weighted mean after adding fractionation uncertainty of 0.055%  

Age: 1764.6±0.9 Ma (MSWD = 0 .64)  

 

 

Contd.  
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Phalaborwa carbonati te (BD-1)  

BD 1-8  17  26661  1654  0.127734±032  0.127198±041  2059.6±1.5  

BD 1-9  14  12855  543  0.128296±068  0.127195±044  2059.6±1.5  

BD 1-10  16  10315  829  0.128566±091  0.127230±028  2060.0±1.5  

BD 1-11  25  23056  392  0.127862±043  0.127252±042  2060.4±1.5  

BD 1-12  22  26882  489  0.127799±043  0.127292±032  2060.9±1.5  

Grand weighted mean after adding fractionatio n uncertainty of 0.055% 

Age: 2060.1  0.7 Ma (MSWD = 0.57)  

Sample weight is in micrograms. 206Pb/204Pb (m) and 207Pb/206Pb (m) are measured values (fraction 

means with standard error) and 207Pb/206Pb (c) is the corrected value (weighted means and errors). 

Uncertainties are 2σm and refer to the least significant digits. 
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Figure 4.2: TE–TIMS weighted mean 207Pb/206Pb age of five baddeleyite fractions from 

Singhbhum ‘newer dolerite’ dyke samples, (a) SJK-10 and (b) SJK-15. Errors bars 

represent 95% confidence limits of measurements. 

 

4.3.2 NNE-SSW trending members of NDDS 

The results of Pb-Pb baddeleyite (ZrO2) TE-TIMS analysis of at least five 

baddeleyite fractions each on samples from eight NNE-SSW striking dykes 

of this study are presented in Table 4.2  and Figure 4.3 & 4.4. The six 

samples located in the south,  central and northern parts of the dyke swarm  

(please see Figure 3.2  for sample locations) have  yielded ages ranging 

between 2764 Ma and 2760 Ma.  The fraction weighted mean 2 0 7Pb/2 0 6Pb 

ages for these six samples are as follows (1) for SKS 9 is 2763.7±0.8 Ma 

(MSWD = 0.34), (2) for SKJ 12-3 is 2764.4±0.8 Ma (MSWD = 0.45), (3) 

for SKS 21-4 is 2763.5±0.8 Ma (MSWD = 0.36), (4) for K 9 -3 is 

2763.2±0.9 Ma (MSWD = 0.25),  (5) for SKS 13 is 2760.0±0.6 Ma (MSW D 

= 0.36),  and (6) for K 24 is 2761.0 ±1.0 Ma (MSWD = 0.19).   

All  the six age determinations were overlapping within errors suggesting 

that these dykes have been emplaced simultaneously within a very short  

time span of ≤5 Ma (permitting maximum error limits),  in virtually all over 

the SGC. The weighted mean age of these samples was calculated to be 

2762.4±2.0 Ma which was inferred as the emplacement age of this swarm.  
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Figure 4.3: TE-TIMS weighted mean 207Pb/206Pb ages on baddeleyite fractions from 

samples SKS9, SKJ12-3, SKS 21-4, K9-3. Error bars represent 95% confidence limits of 

measurements. 
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Figure 4.4: TE-TIMS weighted mean 207Pb/206Pb ages on baddeleyite fractions from 

samples SKS 13, K 24, SKS 27, SKS 34. Error bars represent 95% confidence limits of 

measurements. 
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Table 4.2: TE-TIMS Pb isotopic data on baddeleyite fractions from NNE-SSW trending 

members of NDDS 

 

 

 

 

 

Sample. No. 

(location) 
No. bloc. 206Pb/204Pb 

(m) 

Abs. err 207Pb/206Pb 

(m) 

207Pb/206Pb 

(c) 

Age 

(Ma) 

SKS 09 (21.389°N; 85.871°E)     

SKS 09-1 26 13639 277 0.193290±070 0.192429±065 2763.0±2.1 

SKS 09-2 20 17367 186 0.193164±067 0.192468±067 2763.4±2.1 

SKS 09-3 30 21497 261 0.193131±048 0.192576±047 2764.3±1.9 

SKS 09-4 18 20990 858 0.193188±060 0.192601±058 2764.5±2.0 

SKS 09-5 16 12949 122 0.193384±063 0.192474±058 2763.4±2.0 

SKS 09-6 28 18562 174 0.193131±040 0.192478±040 2763.5±1.9 

Weighted Mean age = 2763.7 ± 0.8 Ma, MSWD = 0.34   

   

SKJ 12-3 (21.401°N; 85.885°E)   

SKJ 12-3-1 30 6864 402 0.194421±093 0.192489±049 2763.6±1.9 

SKJ 12-3-2 29 9576 145 0.193954±055 0.192684±048 2765.2±1.9 

SKJ 12-3-3 26 25071 625 0.192993±052 0.192505±057 2763.7±2.0 

SKJ 12-3-4 16 24203 2955 0.193217±093 0.192613±108 2764.6±2.4 

SKJ 12-3-5 30 20928 633 0.193211±067 0.192616±062 2764.6±2.1 

SKJ 12-3-6 22 29748 1877 0.193069±071 0.192637±056 2764.8±2.0 

Weighted Mean age = 2764.4 ± 0.8 Ma, MSWD = 0.45   

       

SKS 21-4 (21.582°N; 85.971°E)     

SKS 21-4-1 25 24245 201 0.193025±024 0.192527±024 2763.9±1.7 

SKS 21-4-2 20 21492 630 0.193036±027 0.192462±036 2763.3±1.8 

SKS 21-4-3 25 19447 624 0.193194±025 0.192562±036 2764.2±1.8 

SKS 21-4-4 21 12618 387 0.193396±056 0.192428±057 2763.0±2.0 

SKS 21-4-5 13 10914 262 0.193516±066 0.192402±066 2762.8±2.1 

Weighted Mean age = 2763.5 ± 0.8 Ma, MSWD = 0.36   

       

K 9-3 (21.664°N; 85.874°E)     

K 9-3-1 18 49658 688 0.192678±077 0.192413±077 2762.9±2.2 

K 9-3-2 19 22056 1177 0.192956±067 0.192415±063 2762.9±2.1 

K 9-3-3 20 65724 1542 0.192539±133 0.192358±130 2762.4±2.6 

K 9-3-4 20 91207 2589 0.192588±063 0.192449±062 2763.2±2.1 

K 9-3-5 20 93611 2723 0.192663±044 0.192529±046 2763.9±1.9 

Weighted Mean age = 2763.2 ± 0.9 Ma, MSWD = 0.25   
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Table 4.2 continued 

 

Sample wt. is in micrograms. 206Pb/204Pb (m) and 207Pb/206Pb (m) are measured values (fraction 

means with standard error) and 207Pb/206Pb (c) is the corrected value. Uncertainties are 2σm and 

refer to the least significant digits. Age errors include fractionation uncertainty of 0.055%. 

Weighted mean ages were calculated using Ludwig (2003). 

 

Sample. No. 

(location) 
No. bloc. 206Pb/204Pb 

(m) 

Abs. err 207Pb/206Pb 

(m) 

207Pb/206Pb 

(c) 

Age 

(Ma) 

SKS 13 (21.829°N; 85.594°E)     

SKS 13-1 29 22534 462 0.192689±074 0.192140±070 2760.6±2.1 

SKS 13-2 29 24057 275 0.192619±046 0.192115±046 2760.4±1.9 

SKS 13-3 29 22169 106 0.192543±032 0.191997±033 2759.3±1.8 

SKS 13-4 30 30947 782 0.192423±026 0.192024±034 2759.6±1.8 

SKS 13-5 27 28333 256 0.192463±032 0.192038±033 2759.7±1.8 

SKS 13-6 30 33311 275 0.192529±029 0.192165±030 2760.8±1.8 

SKS 13-7 25 17827 278 0.192714±037 0.192035±031 2759.7±1.8 

Weighted Mean age = 2760.0 ± 0.6 Ma, MSWD = 0.36   

   

K 24 (22.225°N; 86.079°E)   

K 24-1 30 45549 1019 0.192538±083 0.192276±071 2761.7±2.2 

K 24-2 21 25193 1306 0.192678±125 0.192187±131 2761.0±2.6 

K 24-3 27 11679 300 0.193266±084 0.192225±082 2761.3±2.2 

K 24-4 27 10293 246 0.193379±089 0.192182±085 2760.9±2.2 

K 24-5 30 18460 190 0.192192±026 0.192136±029 2760.5±1.8 

Weighted Mean age = 2761.0± 1.0 Ma, MSWD = 0.19   

       

SKS 27 (22.563°N; 85.892°E)     

SKS 27-1 30 16560 330 0.197719±076 0.196990±074 2801.4±2.2 

SKS 27-2 30 33433 968 0.197160±034 0.196785±036 2799.7±1.9 

SKS 27-3 30 33044 454 0.197109±032 0.196747±032 2799.4±1.8 

SKS 27-4 30 59877 1280 0.197057±023 0.196852±022 2800.3±1.7 

SKS 27-5 30 52162 1356 0.197110±030 0.196877±030 2800.5±1.8 

SKS 27-6 30 37587 402 0.197182±042 0.196862±042 2800.4±1.9 

Weighted Mean age = 2800.2 ± 0.7 Ma, MSWD = 0.49   

       

SKS 34 (22.609°N; 86.195°E)     

SKS 34-1 30 33288 317 0.191519±017 0.191155±019 2752.1±1.7 

SKS 34-2 19 17776 113 0.191833±068 0.191143±066 2752.0±2.1 

SKS 34-3 19 18082 261 0.191878±078 0.191204±078 2752.5±2.1 

SKS 34-4 19 16280 292 0.191771±055 0.191033±061 2751.1±2.0 

SKS 34-5 25 14990 115 0.191985±090 0.191183±089 2752.4±2.2 

Weighted Mean age = 2752.0 ± 0.9 Ma, MSWD = 0.30   
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The samples SKS 27 and SKS 34, which were located on the northern 

fringe of the swarm, have however yielded 2800.2±0.7 Ma (MSWD: 0.49) 

and 2752.0±0.9 Ma (MSWD: 0.30) ages respectively.  Both theses age 

determinations were distinctly older and younger respectively compared to 

the other six dyke age determinations discussed above. As we have 

discussed in Chapter 2, other than  a Neoarchean Rb-Sr isochron age of 

2613±177 Ma (Roy et  al.,  2004) on a NNE-SSW trending ultramafic dyke 

located west of site SKS 27, published K-Ar age determinations on these 

dykes are all Proterozoic in age varying from 2144 Ma to 950 Ma  (Sarkar et  

al. ,  1969; Sarkar and Saha, 1977 and Mallik and Sarkar, 1994).  These K–Ar 

wholerock ages not only vary considerably between swarms but also within,  

this is  therefore attributed to inherent limitations of the dating method 

when applied to Proterozoic rocks.   

The 2762.4±2.0 Ma NNE-SSW dyke swarm appears to be the most 

prominent mafic event in the SC extending across the entire SGC with an 

aerial  distribution of about 30,000 km 2  (Figure 3.2). To assess  the 

distribution of the older 2800.2±0.7 Ma and the younger 2752.0±0.9 Ma 

dykes within the SC, additional analysis on dykes from these swarms are 

required. It  is  likely that  the NNE  striking dykes which intrude the Bonai 

granite, on the western  banks of the Singhbhum craton could also be coeval 

with one of  these events .  
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4.4 Paleomagnetism 

4.4.1 Rock Magnetic Study on NDDS 

Conventional IRM acquisition studies were conducted on selected samples 

using ASC Scientific Model MMPM-10 impulse magnetizer. Typical 

saturation curves for these samples are shown in Fig ure 4.5. The magnetic 

minerals in them saturate between 200 to 350 mT with coercivi ty between 

30 to 70 mT. We have done REM (Remanent Efficiency of Magnetization) 

and S-300mt calculations, which are tabulated in Table 4.3. 

 

Figure 4.5: Isothermal remanence acquision curves (acquired magnetization normalized to 

saturated values vs. applied field in mT). 
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Table 4.3: Rock magnetic results of the selected dyke-samples  

Sample NRM 

(A/m) 

SIRM 

(A/m) 

IRM-300mT 

(A/m) 

REM S-300mT 

K1 0.06 3.96 3.88 0.015 0.98 

K10 1.51 133.06 133.13 0.011 1.01 

K11 1.78 22.94 22.54 0.077 0.98 

K12 1.51 447.1 445.11 0.003 0.99 

K14 11.7 257.0 256.30 0.045 0.99 

K15 5.34 82.64 81.81 0.064 0.98 

K18 0.99 273.40 272.26 0.003 0.99 

K27 2.97 25.12 23.93 0.118 0.95 

K30 19.6 175.16 173.30 0.11 0.99 

NRM: Natural Remanence Magnetization, SIRM: Saturation Isothermal Remanent Magnetization, 

IRM−300mT: Isothermal Remanent Magnetization at -300mT, REM: Remanent Efficiency of 

Magnetization, i.e., Ratio of NRM and SIRM, IRM: Isothermal Remanent Magnetization, S−300 mT 

= IRM−300 mT/SIRM. 

 

We can observe that most of the REM values (NRM/SIRM) are between 

0.01 to 0.08, which suggest  that the dykes have been cooled through curie 

temperature of magnetite which may be a carrier of magnet isation 

(Wasilewski and Warner, 1988 and Fuller et al. ,  1988). The S -3 0 0 mt  (TRM-

300mt/IRM(saturation)) values are close to unity,  which indicates the 

presence of magnetite (Basavaiah and Aniruddh , 2004).  These rocks 

magnetic studies conducted on whole rock specimens, along with the 

petrography indicate that the dominant magnetic mineral  is magnetite.  
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4.4.2 Paleomagnetism on WNW-ESE trending members of NDDS 

The results of paleomagnetic studies 86 samples from 9 distinct  dykes (on 

9 sites) are presented in Table 4.4 and also plotted in Figure  4.6 and 4.7.  

NRM intensities for samples range from 11.6 mA/m to 1 A/m. The higher 

coercivity component defines a well -grouped ChRM, with north to north -

westerly declination and shallow negative inclination (Fig ure 4.7). Within 

errors, all the sites regardless of their location have similar ChRM (Table 

4.4 and Figure 4.7).  Mean ChRM was calculated with respect to the mean 

Site latitude: 21.6°N and mean Site longitude: 85.94°E.  

For all calculations and paleogeographic reconstructions  (presented in 

Chapter 5) only mean paleomagnetic data from this study have been used.  

The WNW-ESE trending dykes has yielded a mean paleomagnetic direction 

with a declination = 329.2° and an inclination = −22.8 ° (k = 31.6; α95 = 

9.3°) (Figure 4.7). The pole position of SC at 1765 Ma is 45°N, 3 11°E 

(dp=5.2 and dm=9.9) (Figure 4.8).  

4.4.3 Baked Contact Test on WNW-ESE trending members of NDDS   

We were able to obtain baked contact samples at site K12 during this study 

to prove the primary nature of the remanence directions (Table 4.4 and 

Figure 4.9 a-b). As mentioned in Chapter 3, five oriented block samples 

were collected from baked host granite at 30cm away from dyke (~40 m 

thick) chilled margin at Site K12 and three oriented block samples were 

collected from baked host  granite at  80m awa y from dyke chilled margin 

Figure 4.9 c-e shows the paleomagnetic behaviour of  the dyke K12 and the 

host granite rocks in baked and unbaked zone.  
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Figure 4.6: Zijderveld diagram and equal area stereonet pairs showing the behavior of 

natural remanence to AF/Temperature for samples representing several sites. AF 

measurements are in millitesla (mT) and Temperature is in 0C. Open/closed circles in the 

stereoplots represent upward/downward directed vectors and open/closed circles in the 

Zijderveld plots represent vertical/horizontal projections. Plotted using Remasoft 3.0 

plotting and analysis program (Chadima and Hrouda, 2006). 
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Figure 4.7: Stereoplots showing paleomagnetic data. Primary site mean directions with 

ovals of 95% confidence of all the 9 WNW-ESE dyke samples and published sites. WNW-

ESE dykes are shown by 60% black and Mean direction is shown by black. 
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Figure 4.8: Schmidt plot showing Mean Paleopole position of 1765 Ma WNW-ESE 

trending Dyke swarm from Singhbhum Craton. Mean pole position is shown by black star. 
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Table 4.4: Paleomagnetic data of the WNW-ESE trending members of NDDS 

 

Lat. and long are the latitude and longitude in degrees; T is the thickness in meters; So is 

strike of the dyke at the respective sites. N= Samples studied from each site; Dm is the 

mean declination; Im is the mean inclination; K is the precision parameter; α95 is the radius 

(◦) of the 95% circle of confidence about the mean magnetization direction; plat. and 

plong. are the paleocoordinates of the pole; and dp, dm defines an oval of confidence 

within which there is a 95% probability that the true pole lies; all statistical parameters are 

based on sample means.  

 

Site Lat. (oN) Long. 

(oE) 

T So N D(o) I(o) k α95 pLat. 

(oN) 

pLong. 

(oE) 

dp dm 

K10 21.59 85.73 102 294 10 318.1 -10 167.9 3.7 41 328 1.9 3.8 

K11 21.59 85.74 32 302 10 332.5 -35.1 56.1 6.5 41 301 7.5 8.5 

K1 21.55 86.02 14 291 10 308.3 -21.8 482.3 2.2 30 328 1.2 2.3 

K12 21.60 85.75 40 307 8 315.3 -14.9 48.5 8 37 327 4.2 8.2 

K14 21.37 86.15 192 305 10 345.9 -32.4 45.3 7.3 48 287 4.6 8.2 

K15 21.43 86.18 133 298 8 326.5 -22.4 128.6 4.9 43 314 2.8 5.2 

K18 21.52 85.91 62 297 10 336.1 -20.3 249.7 3.1 50 305 1.7 3.2 

K30 21.60 85.89 140 303 10 343.4 -21 65.3 6 54 294 3.3 6.3 

SKJ10 21.55 85.82 210 300 10 339.4 -22.7 216.4 3.5 51 299 2 3.7 

Mean 21.60 85.94   86 329.2 -22.8 31.6 9.3 45 311 5.2 9.9 

              

Site K12 

Baked host 

granite 

21.59 85.74   10 319.7 -10.5 72.29 5.7     

Site K12 

Unbaked 

host granite 

21.59 85.74   9 352.4 -40.9 295.8 3     
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Figure 4.9: Baked Contact Test at site K12. (a) Location map of Site K12, (b) Stereoplot 

for baked contact test at Site K12, and (c) to (e) Zijderveld diagram and equal area 

stereonet pairs showing the demagntisation behavior. 
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The mean ChRM direction for dyke K12 is declination = 315.3° and an 

inclination = −14.9° (k =48.5; α95 = 8°). The mean ChRM direction for 

host granite in baked zone of dyke K12 is declination = 319.7° and an 

inclination = −10.5° (k =72.29; α95 = 5.7°).  The  mean ChRM direction for 

host rock from unbaked zone of dyke K12 is declination = 352.4° and an 

inclination = −40.9° (k =295.8; α95 = 3°). ChRM directions of the host  

granite rock in the baked contact zone of the dyke are similar to the ChRM 

direction of the dyke K12, and the ChRM directions of the unbaked host 

rock is significantly different from the dyke K12 directions (Fig ure 4.9b). 

So we can see that the contact  test  is  positive and hence the remanence 

direction is primary.  

4.4.4 Paleomagnetism on NNE-SSW trending members of NDDS 

A total of 113 samples from 12 distinct dykes (on 12 sites) were used for 

paleomagnetic investigation. Results are given in Table 4.5 and plotted in 

Figure 4.10. A high coercivity (or high blocking temperature) component, 

probably recorded by magneti te, defines a well grouped characteristic 

magnetization direction, with southerly declination and steep -down 

inclination in nine sites and northerly steep-up in three sites (Table 4.5). 

Within errors,  the nine normal and three revers e sites regardless of their 

geographic location in the dyke swarm have similar characteristic remanent 

magnetization directions of (Declination = 212º,  Inclination = 83º, a95 = 

6º, N = 9) and (Declination = 79º, Inclinatioin = -80º, a95 = 30º, N = 3)  

respectively,  (Table 4.5  and Figure 4.11). Similar remanent magnetization 

directions were obtained by Verma and Prasad (1974) from the northern 

part of this dyke swarm at two sites.   
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Table 4.5: Paleomagnetic data of NNE-SSW trending members of NDDS. 

Site Lat 

(°N) 

Long 

(°E) 

Strike 

(°N) 

N D 

(°) 

I 

(°) 

K α9

5 

λ 

(°) 

Plat 

(°N) 

Plong 

(°E) 

d

p 

dm 

Normal dykes 

            

SKJ 12* 21.401 85.885 22 10 187 85 186 4 80±7 11 85 7 7 

K 20 21.483 85.932 26 8 187 72 101 6 57±9 12 262 9 10 

SKS 21* 21.582 85.971 14 10 201 78 166 4 67±7 0 78 7 7 

K 2 21.573 85.994 22 10 318 85 76 6 80±11 29 78 11 11 

K 3 21.577 85.989 25 10 264 85 264 3 79±6 20 75 6 6 

K 4 21.579 85.975 10 10 191 83 205 3 77±7 9 84 7 7 

K 13 21.615 85.762 15 8 200 68 66 7 51±10 15 253 10 12 

K 26 22.146 86.235 36 9 287 82 31 9 74±18 26 70 18 18 

K 24* 22.225 86.079 33 8 255 86 60 7 82±14 20 78 14 14 

Qa ---- --- - 6 23 82 43 10 74±19 37 94 19 19 

Aa ----- ----- - 7 92 86 85 6 82±12 22 94 12 12 

N. dykes 

Mean 

21.853 85.966 -- 19

6 

210 85 70 6 80±11 13 81 11 11 

Reverse dykes 

            

K16 21.534 85.806 8 10 146 -84 94 5 78±10 31 78 10 10 

K9* 21.664 85.874 40 10 113 -66 31 9 48±14 31 40 12 15 

K7 21.684 85.854 13 10 11 -69 57 7 53±10 15 259 9 11 

R. dykes 

Mean 

21.627 85.845 -- 30 79 -80 18 30 70±56 17 66 55 58 

              

Grand 

Mean 

21.805 85.940 -- 12

6 

226 84 47 6 79±11 14 78 11 12 

 

 
Note: Lat(°N) and Long(°E) are site latitude and site longitude respectively; N is the number of 

samples from each site; S(o) is strike of the dyke at the respective sites; D(°) and I(°) are the mean 

declination and mean inclination; K is the Fisher’s (1953) precision parameter of the mean pole; α95 

is the radius of the circle of 95% confidence about the mean magnetization direction; Plat and 

Plong are the paleolatitude and paleolongitude for the virtual Geomagnetic Poles. dp and dm are 

Semi-minor and -major axes of the 95% confidence ellipse about the pole. λ = Paleolatitude of the 

continent. * = sites with Pb-Pb geochronologic ages. a: Verma R.K and Prasad S.N 1974. 

 

 



76 | P a g e  

 

Figure 4.10: Zijderveld diagrams and equal area stereonet projections showing 

characteristic behaviour of natural remanence to AF and thermal demagnetization (a and b) 

and AF demagnetization (c–f) for representative samples from different sites. Thermal 

demagnetization measurements are in °C and AF measurements are in millitesla (mT). 

Open/closed circles in the stereoplots represent upward/downward directed vectors and 

open/closed circles in the Zijderveld plots represent vertical/horizontal projections. Plotted 

using Remasoft 3.0, a plotting and analysis program (Chadima and Hrouda, 2006). 
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Figure 4.11: Stereoplot showing paleomagnetic data. Site mean characteristic remanence 

directions with circles of 95% confidence of 12 sites from present study and 2 sites from 

previously published data. Present study site means are represented as black circles and 

published site means are represented as gray circles. Red closed circle represents the grand 

mean of present study and published study. Black star represents Present Earth’s field 

(PEF) direction based on the 1995 IGRF. 

 

The 14 sites together yield a mean (after inverting the three reverse sites) 

of Declination = 226º, Inclination = 84º (a95 = 6º) and the corresponding 

paleomagnetic pole of 14ºN, 78ºE (dp = 11, dm = 12)  (Figure 4.12).  
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Figure 4.12: Mollweide projection showing the paleopoles of site means from the NNE-

SSW trending dykes from Singhbhum craton. Blue filled circles represent paleomagnetic 

poles of present study sites and gray filled circles represent paleomagnetic poles of Verma 

and Prasad (1974). Grand mean paleopole is shown with a filled oval of confidence in red. 

 

4.4.5 Reversal test on NNE-SSW trending members of NDDS 

A reversal test (McFadden and McElhinny, 1990) performed on these 

samples was positive and classified as ‘‘Rc” with the observed a ngle c = 

7.7 and the critical angle cc = 14.3.  Though we were unable to obtain baked 

contact  samples during this study to prove the primary nature of the 

remanence direction obtained. The preservation of dual polarity in this 

dyke swarm, and passage of the  reversal  test indicates that  ChRM 

directions were not contaminated due to secondary magnetization (Buchan, 

2013).  Consistency in the remanent magnetization directions obtained 

across large geographic distances across and along the swarm, and 

importantly the younger (1765 Ma old,  Shankar et al. ,  2014) dykes in this 

region preserve a distinctly different magnetization. Recently,  Nelson et al.  
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(2014) constrained the time of regional deformation and amphibolite grade 

metamorphism to the interval c. 3325 –  3300 Ma in the Singhbhum granite 

complex. This suggests that this dyke swarm could not have been heated 

beyond their blocking temperature (~450 –550 C), after their emplacement. 

These evidences indicate that the nature of magnetization recorded by the 

dykes reported here was acquired at the t ime of their emplacement.  
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Chapter 5 

Discussion and Conclusion  

5.1 Introduction 

In this chapter we discuss the results obtained in current study. We also 

correlate the geochronology data of this study with the c oeval events from 

the Indian cratons and the other world -wide cratons.  The paleogeographic 

reconstructions of India at ~1.77 Ga and SC at 2.77Ga have been attempted 

with the help of coeval paleopoles from other cratons. The probable 

candidates for these reconstructions are discussed on basis of geological 

similarities.  Finally conclude the chapter by highlighting the major 

outcomes of present study.  

5.2 Discussion  

5.2.1 Paleogeographic reconstruction at 1.77 Ga  

The paleogeographic position of India within  pre-Rodinia supercontinent, 

variously called Nuna, or Columbia, or Hudsonland, has been a topic of 

debate during the last  decade. There is a lack of consensus over the 

probable neighbours of India during Paleo -Mesoproterozoic. Among 

various configurations  proposed for pre-Rodinia supercontinent, India was 

placed juxtaposed to south-west Baltica Craton (BC) (Pisarevsky et al . ,  

2013, 2014); at equator separated from the amalgamation of Laurentia, 

Baltica and Siberia (Belica et  al. ,  2014);  next to northern boundary of 

North China craton (NCC) (Zhang et al. ,  2012);  and in close proximity to 

southern margin of the NCC (Xu et al . 2014). The posit ion of western India 
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juxtaposed to south-west Balt ica (Pisarevsky et al. ,  2013, 2014) was 

largely based on the 1465 Ma Lakhna dyke paleopole and geological  

correlation between Dharwar Craton and Sarmatia Craton. This India -BC 

reconstruction can also be tested at  ~1770 Ma with the help of 1765 Ma key 

paleopole of this study with coeval poles from BC.  

Western India was placed next to northern boundary of NCC (Zhang et al . ,  

2012).  India was placed in close proximity to southern margin of the NCC 

by Xu et  al . (2014). The above mentioned India -NCC reconstructions were 

based on 1798 Ma Gwalior trap pole.  We would like to point  t hat  the 

Gwalior Traps were not precisely dated (1798±120 Ma) and there is no 

field test available on Gwalior trap to prove the primary nature of 

remanence. This makes Gwalior trap pole unreliable and the ~1770Ma 

reconstructions for India -NCC (Zhang et al. ,  2012 and Xu et  al . ,  2014) 

speculative. Here also 1765 Ma key paleopole of this study can be used to 

perform paleogeographic reconstruction with coeval poles from NCC.  

The 1765 Ma paleopole,  reported in previous chapter,  can be used to 

explore the possible  paleogeographic relation of India with BC at  1770 Ma, 

to test  the stability of proposed India -BC assemblage by Pisarevsky et al.  

(2013, 2014).  This pole can also be used for paleogeographic 

reconstruction of India with NCC at ~1770 Ma.  So we have used the 1765 

Ma key paleopole of this study to perform a geologically satisfactory 

paleogeographic reconstruction using coeval poles from BC and NCC 

(Table 5.1 and Figure 5.1).  
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It  is a common practice, while performing a paleogeographic 

reconstruction, to show continental/cratonic blocks in a single 

configuration, so that the blocks can be brought closest  together within the 

permissible constraints of the geology and/or paleomagnetic data. It is  to 

be noted that the paleolatitude and azimuthal orientation of each  block are 

fixed by respective paleomagnetic data, but the paleolongitude and polarity 

are not defined (Buchan , 2014).  Eight coeval paleopoles (Table 5.1 ) from 

BC (5 paleopoles) and India (1 paleopole) and NCC (2 paleopoles) have 

been used for the paleogeographic reconstruction in Figure 5.1. The Euler 

rotation parameters used in the abov  ementioned reconstruction is given in 

Table 5.2. This paleogeographic reconstruction was made using the free 

GPLATES software (http://www.gplates.org/)  

BC was assembled in  its present day configuration at  1900-1700Ma 

(Bogdanova et al. ,  2008; Elming et  al . ,  2010).  The Eastern and Western 

Blocks of NCC have collided along the Trans -North China Orogen at 1900-

1800Ma (Zhang et al. ,  2006) in the present-day layout. The Southern 

(Dharwar-Bastar-Singhbhum) and Northern (Aravalli -Delhi-Bundelkhand) 

cratons were assembled together at 2500 -2400Ma (Stein et al. ,  2004). So 

we are using the present day perimeter and shape for the BC, India and 

NCC, for the paleogeographic reconstruction (Figure 5.1).  

This BC-India-NCC reconstruction (Figure 5.1) at ~1770 Ma, juxtaposes 

the western margin of India with southern part of Baltica in a way that  

Archaean Dharwar and Sarmatia cratons located next to each other (as 

suggested by Pisarevsky et  al . (2013, 2014)). In this position western block 
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of NCC can be placed next to Eastern margin of India within permissible 

limits of Paleopoles.   

 

 

 

 

 

 

Figure 5.1: Paleogeographic reconstruction at ~1.77 Ga based on poles compiled in Table 

5.1 
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Table 5.1: 1800-1750 Ma paleomagnetic poles 

Plat, and Plong = Latitude, and Longitude of Paleopole 

A95 = Ellipses of confidence at the 95% level about the Paleopole 

 

 

Table 5.2: Euler rotation parameters (to the absolute framework) for Figure 5.1 

5.2.1.a Geological correlation for BC -India-NCC reconstruction  

The BC, India and NCC are bounded b y Paleoproterozoic orogenic belts 

(Figure 5.1).  The Lipetsk-Losev/East  Voronezh Belt probably marks the 

2100–2050 Ma accretionary orogen, which led to the coll ision with Volgo -

# Rock Type Age (Ma) Plat (oN) Plong (oE) A95(o) Reference 

1 Late. Svecofennian Rocks, 

Mean Baltica 

 

~1800 49.6 221 10.8 Elming and Pesonen (2010) 

2 Småland Intrusions Baltica 

 

1784-1769 45.7 182.7 8.0 Pisarevsky and Bylund 

(2010) 

3 Shoksha Formation Baltica 

 

1780-1760 39.7 221.1 4.0 Pisarevsky and Sokolov 

(2001) 

4 Ropruchey Sill, Karelia, 

Baltica 

1754-1748 39.1 216.6 6.7 Fedotova et al. (1999) and 

Lubnina et al. (2012) 

5 Hoting Gabbro Baltica 

 

1760-1740 43 233.3 10.9 Elming et al. (2009) 

6 Xiong’er Group North 

China 

 

~1780 50.2 263 4.5 Zhang et al. (2012) 

7 Taihang NNW dyke 

swarm, North China 

 

1772-1766 36 247 2.8 Halls et al. (2000)  

8 WNW-ESE Singhbhum 

Dyke Swarm, India 

1766-1764 45 311 7.2 This study 

       

Craton/Continent 

                         Pole 

            (oN)                           (oE) Angle(o) 

Baltica -6.75 -47.76 -56.06 

North China 17.44 -17.34 -65.72 

India 14.46 37.84 -60.01 
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Uralia with Sarmatia by 2020 Ma (Shchipansky et al. ,  2007; Bogdanova et  

al. ,  2008). The UHT metamorphism and deformation of almo st similar age 

(2040±17 Ma) has been reported from the Central Indian Tectonic Zone 

(Mohanty, 2010).  These tectonothermal events reflect some stage of 

amalgamation of the Dharwar/Bastar/Singhbhum and Bundelkh and/Aravall i  

cratons.  The High pressure granulite facies event has been reported from 

Trans North China Orogen (TNCO) at  1915 -1850 Ma (Zhang et al .,  2006).  

This event suggests  the amalgamation of Eastern and Western Blocks of 

NCC along the Trans-North China Orogen at 1.85 Ga (Zhao et al. ,  2004; 

Guo et al . ,  2002; Liu et al. ,  2002; Zhang et al .,  2006 and references 

therein). Trends and positions and metamorphic ages of these three orogens 

in the present reconstruction (Figure 5.1) suggest  their possible 

genetic/spatial relationship.  

The Smaland dykes (1780Ma, Nilsson and Wikman 1997; Pisarevsky and 

Bylund, 2010) from Fennoscandia peninsula; the Tomashgorod dykes 

(1790Ma, Elming et  al. ,  2010) from Sarmatia Craton; the Pebbair dyke 

(1788Ma, Demirer , 2012) from Dharwar Craton; the WNW-ESE dykes 

(1765Ma, Shankar et  al. ,  2014) from SC; and the Taihang dykes (1780Ma, 

Halls et al. 2000, Peng et al .,  2005, 2006) from NCC, are aligned in an 

almost parallel trend (Figure 5.1).  The similarity in ages and the strike 

trends (in paleogeographic position) of these dykes (Fig ure 5.1) indicate 

towards the possible genetic/spatial connection among them.  

This BC-India-NCC reconstruction (Figure 5.1) aligns the southern 

accretionary margin of BC with the eastern margin of India a nd the 

southern active margin of NCC. The presence of 1.85 -1.33 Ga ophiolitic 
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melange (Dharma Rao et al . ,  2011) in the Eastern Ghat mobile belt  is  

suggestive of an active margin environment along the Eastern margin of 

India.  The BC’s proterozoic tectonic h istory is characterised by prolonged 

accretion from present west.  This suggests  a nearly l inear long-lived Paleo- 

to Mesoproterozoic ‘Baltica -India’ accretionary orogen (Pisarevsky et  al. ,  

2013; Figure 5.1). The 1.79-1.73 Ga Xiong’er rift system (Peng 2015  and 

references therein) is  an indicator of a short lived active margin 

environment. The active margin environment is associated with subduction -

related magmatism in India (Lakhna Dykes; Pisarevsky et al. ,  2013), in BC 

(Post-Svecofennian crustal growth; Åhäll and Connelly,  2008) and in NCC 

(Xiong’er Volcanic Belt; Zhao et al . ,  2009). This suggests that Xiong’er 

rift system can be associated with the Baltica -India accretionary orogen (at  

least at ~1770 Ma).   

Late Archaean and Paleoproterozoic banded iron for mations (BIFs) are 

widespread in BC, India cratons and NCC (Figure 5.1 ; Banerji ,  1977; Khan 

and Naqvi,  1996; Shchipansky and Bogdanova , 1996; Srivastava et  al. ,  

2004; Li et al. ,  2015; Turchenko, 1992). Similarly,  the Early Proterozoic 

manganese deposits are reported from Sarmatia, Indian cratons, and NCC 

(Banerji ,  1977; Li et  al . ,  2015; Turchenko, 1992).  The depositional model 

and environment of Paleoproterozoic metasedimentary iron -manganese 

deposits of India and NCC implied that the assembly may be locate d at low 

latitudes, where the conditions were favourable for dissolving ice and 

precipitating manganese deposits (Li et al. ,  2015).  The reconstruction 

proposed in Figure 5.1  has constrained the paleoposition of BC -India-NCC 

assembly at shallow latitudes.  



87 | P a g e  

 

So we can argue that the paleogeographic reconstruction (Figure 5.1 ) at 

~1770 Ma is paleomagnetically permissible and supported by reasonable 

geological,  tectonic and metallogenic evidences.  We can propose here that  

the BC and India linkage (proposed by Pis arvesky et  al . ,  2013) can be 

extended back from ~1400 Ma to ~1770 Ma. At the same time , we would 

also like to suggest that  there is reasonable evidence in support  of India -

NCC spatial  proximity at ~1770 Ma.  

5.2.2 Paleogeographic reconstruction at 2.77 Ga  

The 2762.4±2.0 Ma dyke swarm appears to be the most prominent in the  

Singhbhum craton. No ~2752 Ma events are known from the SC. But ~2800 

Ma dyke event appears to be contemporaneous  with several  other magmatic 

events reported earl ier  from the SC. The dacite tuffs with an igneous 

crystallization date of 2806±6 Ma (U-Pb zircon) within the Malaigiri  basin 

(Nelson et al .,  2014, on the south-western margin of the craton ), the 

Budhapal granite with an age of 2807±13 Ma (U-Pb zircon, Bose et  al.,  

2016),  the Rengali  felsic gneiss,  the hornblend gneiss and the charnokite 

with  emplacement ages of  2776±24 Ma, 2829±9 Ma, 2861±30 Ma 

respectively (Bose  et  al .,  2016),  the Rengali  granite having an age of  

2803±4 Ma (U-Pb zircon) from the south-western and 2811±3 Ma (U-Pb 

zircon) from southern parts of the SC (Misra et  al.,  1999),  the Temperkola 

granites with an age of 2809±12 Ma (U-Pb zircon) and the emplacement of 

associated acid volcanics at  2822±67 Ma (Bandyopadhyay et  al .,  2001)  

located on the western periphery of the c raton, and probably (with an 

imprecise U-Pb zircon age of 2837±200 Ma, Acharyya et al.,  2010) the 

Mayurbhanj granite (fine-grained phase) are also contemporaneous  with 
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~2800 Ma dyke event . The Dhanjori volcanic yielded Pb-Pb and Sm-Nd 

whole rock ages (Misra and Johnson, 2005),  of 2794±210 Ma and 2787±270 

Ma respectively,  though with large errors also indicate an approximate age 

of ~2800 Ma. This suggests a fairly wide spread thermal event (largely 

confined to the southern and to  some extent northern periphery of the 

Singhbhum granite) at  ~2800 Ma.  

Dyke swarms of this age were unknown from any of the cratons within the 

Indian subcontinent until  this report.  The oldest  known dyke activity in 

Indian subcontinent is the ~2367 Ma Dharwar giant dyke swarm, in the  

eastern Dharwar craton (Halls et al.,  2007 and Kumar et al.,  2012).  

The igneous events contemporaneous with the Neoarchean  dykes (of this 

study) were known from the Pilbara craton. Packages  2 and 3 of Nullagine 

Supersequence were dated at 2766±2 Ma (Dacite) and 2766±3 Ma 

(Rhyolite)  respectively (Blake et  al .,  2004).  The crystallisation ages 

(Zircon SHRIMP) of 2761±2 Ma (Nelson,  1999), 2762±4 Ma and 2763±8 

Ma (Nelson, 1997) were reported from the Gregory granite complex . The 

granitic rocks (Whim Creek Belt ) of PreFortescue Group yielded an age 

(zircon) of 2765±5 Ma (Nelson, 1997). All of these events are coeval with 

the ~2762 Ma dyke event from the SC.  

The eruption and deposition age of 2752±5 Ma (Blake et al .,  2004) from 

felsic tuffs of the Package 4 of the Nullagine Supersequence, is coeval with 

the younger dyke event  (2752.0±0.9 Ma) reported here from SC. In addit ion 

of this the Sylvania mafic dykes  (2747±4 Ma, Wingate, 1999) from the 

eastern Pilbara, the felsic volcanism from the Harley Formation (southern 
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Pilbara region),  a granite precursor from Gregory area dated at  2750±5 Ma 

(Hall,  2005) and 2757±5 Ma (Nelson, 1997)  respectively are all coeval with  

2752.0±0.9 Ma from SC. The Black range dykes is older with an 

emplacement age of 2772±2 Ma (Wingate, 1999).  

The three dyke events of this work are yet  unknown from the Kaapvaal 

craton. But,  the Derdepoort  outlier with an emplacement age of 2769± 2 Ma 

(Walraven et al. ,  1996) is temporally near to the dominant NNE-SSW 

trending dyke event (2762±2 Ma) from the SC. The Modipe Gabbro 

(2784±1 Ma, Denyszyn et al. ,  2013)  event, the 2782±5 Ma old Derdepoort 

basalt  (Wingate, 1998) event,  and the Kanye Volcanic Formation event 

with an age of 2780±2 Ma (Walraven et al .,  1996), are older than the ~2762 

Ma event from the SC but these are younger than the older  dyke event 

(~2800 Ma) from the SC. 

So in order to verify if  the igneous provinces,  mentioned above, were 

discrete events or there is  a possibil ity that these events were spreading 

over the three cratons viz. Singhbhum, Pilbara and Kaapvaal  and that these 

three may have been neighbours during  the Neoarchean, we compared their 

paleolatitudinal positions. A similar attempt of  comparing the 

paleoposit ions of Kaapvaal and Pilbara  during the same time span was 

attempted by Denyszyn et al.  (2013). The Modipe gabbro (with an age of  

2784±1 Ma, Denyszyn et  al.,  2013) and the Derdepoort  basalts  (2782±5 Ma, 

Wingate, 1998), from Kaapvaal craton, have  yielded the paleolatitudes of  

64.5º±8.6º (after tilt -correction) and 64.5º±17.5º (Wingate,  1998) 

respectively.  The Mount Roe Basalts (coeval with the Blake range suite 

dated at  2772±2 Ma, Wingate, 1999) has a paleolatitude of  51.1º±3.9º 
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(Strik et al.,  2003), from the Pilbara.  Based on above metioned data 

Denyszyn et  al.,  2013 concluded that  there is  an overlap in paleolatitudinal  

positions of these two cratons within uncertainties and also supported the 

Vaalbara hypothesis  on this basis.  

The paleolatitude of Singhbhum craton is 79º±12º at 2762±2 Ma, on basis 

of paleomagnetic data of this s tudy. The paleolatitude of Pilbara craton is 

constrained at  53.6º±15º (Strik et  al .,  2003) at  2766±2 Ma (Package 2 of 

the Nullagine Supersequence, Blake et al. ,  2004) and at moderately steep 

paleolatitude of 62º±9º (Strik et al. ,  2003) at younger 2752±5 Ma (Package 

4 of the Nullagine Supersequence, Blake et al. ,  2004).   

Despite the limitations (due to  unknown drift rates of these cratons during 

that  time, and that  the sampled sites could be 180 degrees apart if alternate 

polarit ies are  used) of comparing paleomagnetic data recorded by 

formations about 20 Ma apart (Modipe Gabbro and Derdepoort basalts), the  

possibility that Singhbhum could have been contiguous with Kaapvaal  and 

Pilbara (in Vaalbara) cannot be ruled out.   

Previous studies, based on the stratig raphic analogy found between the 

Kaapvaal and Pilbara cratons a supercraton Vaalbara  was proposed 

(Cheney, 1996; Zegers et  al.,  1998).  This hypothesis  was validated by the 

reconstruction of paleopositions of Kaapvaal  and Pilbara cratons and the 

alignment of tectonic lineaments  across them (Zegers et al.,  1998; Strik et  

al. ,  2003; de Kock et al.,  2009; Denyszyn et  al .,  2013).  The overlap of 

paleolatitude data from the  Singhbhum and Kaapvaal prompted us to 

attempt a paleogeographic reconstruction (based on data listed in Table 5.3, 
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Figure 5.2), to evaluate the proximity of the Singhbhum craton with respect 

to both Kaapvaal and Pilbara.  In this reconstruction the Kaapvaal poles are 

kept fixed. The Pilbara poles were rotated along the Euler rotation pole of 

λ=59.0ºS, φ=251.5ºE and an angle of 93.2 º (as used by de Kock et al.  

2009),  so that poles from the Pilbara  overlap the Kaapvaal poles  and place 

Pilbara to the north-west of the present -day Kaapvaal craton in a Kaapvaal 

reference frame. In this configuration several Mesoarchean and 

Paleoproterozoic features appear to be contiguous across the two  cratons 

(de Kock et al .,  2009). Now, the Singhbhum pole was rotated by 99.2º 

about a Euler pole of λ=38.2ºS, φ=117.6ºE) to superpose it with the mean 

of five Pilbara poles (with < 10 Ma age difference compared to the 

Singhbhum dykes) Package 2,  Package  1, Blake Range dykes, Cajuput 

Dykes and Mount Roe basalts  (listed in Table 5.3).  This rotation has placed 

Singhbhum to south of the Kaapvaal craton.  The Sinbhbhum craton can be 

moved further close to the Kaapvaal using a Euler pole of λ=38.7ºS, 

φ=114.0ºE with an angle of 91.2º, allowed within the error range of mean 

Pilbara and Singhbhum poles . Our main objective here was to show that  

Singhbhum could have been located adjacent  to Kaapvaal during that  time 

(~2770 Ma ago).   
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Figure 5.2: Mollweide projection showing paleopositions of Kaapvaal, Pilbara and 

Singhbhum cratons, in light salmon pink shade, during the Neoarchean (~2770 Ma). Black 

triangles are Kaapvaal poles, black dots represent Pilbara poles and black square is the 

Singhbhum pole. This reconstruction was done in a Kaapvaal reference frame. Star 

represents the mean of five Pilbara poles (P2, P1, BR, CD and RB). Given in blue is the 
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alternate location of the Singhbhum pole and craton allowing for errors on the Singhbhum 

and Pilbara pole data. This reconstruction was done using ‘‘PaleoMac” computer program 

(Cogne, 2003). Inset is an enlarged view of the reconstructed cratons showing the 2.70–

2.775 Ga mafic magmatism in the Pilbara, 2.70–2.785 Ga mamatism in the Kaapvaal and 

2.762 Ma magmatism in the Singhbhum cratons. 

     Table 5.3 :  Poles used for Paleogeographic reconstruction  at ~2.77 Ga. 

Name Age 

(Ma) 

Plat 

(°N) 

Plong 

(°E) 

A95 N References 

Pilbara  craton 
     

Medium temperature 

pole from Package 7-10 

Basalt (MT7-10) 

2715-2724 -53.2 203.9 5.3 12 Strik et al., 2003 

(Blake et al., 2004) 

Package 8-10 Basalt (P8-

10) 

2718-2715 -59.1 186.3 6.1 9 Strik et al., 2003 

(Blake et al., 2004) 

Package 4-7 Basalt (P4-7) 2752-2721 -50.4 138.2 12.5 8 Strik et al., 2003 

(Blake et al., 2004) 

 Package 2 Basalt (P2) 2766±2 -46.5 152.7 15.2 3 Strik et al., 2003 

(Blake et al., 2004) 

Package 1 Basalt (P1) 2772±2 -40.8 159.8 3.7 13 Strik et al., 2003 

(Blake et al.,  2004) 

Black Range Dykes (BR) 2772±2 -32.0 154.0 9.0 16 Embleton 1978 

(Wingate 1999) 

Cajuput Dykes (CD) 2772±2 -46.0 146.0 22.0 9 Embleton 1978 

(Wingate 1999) 

Mount Roe Basalt (RB) 2775-2763 -52.4 178.0 7.6 12 Schmidt and 

Embleton 1985 

(Arndt et al., 1991) 

Kaapvaal craton 
     

Allanridge Formation 

(DC) 

2718-2713 -69.8 345.6 5.8 18 de Kock et al., 2009 

Derdepoort Basalt (DB) 2782±5 -39.6 4.7 17.5 8 Wingate 1998 

Modipe Gabbro (MG) 2784±1 -32.8 30.9 10.5 10 Evans and 

McElhinny 1966 

(Denyszyn et al., 

2013) 

Modipe Gabbro (DZ) 2784±1 -47.6 12.4 8.9 11 Denyszyn et al., 2013 

Singhbhum craton 
     

NNE Dykes (SI) 2762±2 14.0 78.0 11 14 Present study 

 

Name: Name of pole, Age: Radiometric/Stratigraphic age of pole in Ma, Plat and Plong 

are Pole latitude (°N) and Pole longitude (°E) of the Paleopoles; A95: ellipses of 

confidence at the 95% level about the mean paleopole, N: number of sites studied. 
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5.2.2.a Geological correlation for Singhbhum-Kaapvaal-Pilbara 

reconstruction 

Comparative studies of the Archean geological history of  Singhbhum craton 

with the Kaapvaal (Hofmann et al. ,  2016) and  Pilbara (Nelson et al .,  2014) 

cratons,  have revealed several similarities  between the three cratons. The 

felsic volcanoclastic rocks from the Daitari  greenstone belt (Iron Ore 

Group, Singhbhum Craton) have been dated at  3507±2 Ma (Mukhopadhyay 

et al. ,  2008) and are equated with the lower portions of the Onverwacht 

(between 3.53 and >3.43 Ga,  Taylor et  al .,  2016) and Nondweni groups 

(3.53–3.41 Ga by U-Pb on zircon; Xie et  al. ,  2012) of the Kaapvaa l craton. 

The oldest greenstone sequence from the eastern Pilbara craton, the 3515±3 

Ma Coonterunah succession (Buick et al. ,  1995) , is coeval to the 

greenstone sequences from both Kaapvaal and Singhbhum. The granite 

emplacement reached a maximum in  the Sinbhbhum craton during regional 

metamorphism between 3325 and 3300 Ma (Acharyya et al.,  2012; Nelson 

et al.,  2014;  Upadhyay et al. ,  2014).  This is synchronous with the 

emplacement of  the major granitoid complexes in the Eastern Pilbara 

Terrane between ~3325 and 3315 Ma (Nelson, 1999).  Moreover,  the early 

stabilization of both the Singhbhum and Kaapvaal  cratons, that was marked 

by the wide spread emplacement of the  3.1 Ga granites (Poujol et al.,  2003; 

Eglington and Armstrong,  2004; Schmitz et al.,  2004; Schoene et al.,  2008) 

in the Kaapvaal  are coeval with the youngest suite of the TTG and granite 

assemblage in the Singhbhum (Saha, 1994). By and large cratonization  in 

the Pilbara also was complete by about 3.0 Ga (Moser et al. ,  2001).  But  it  

has been shown that final cratonization in Pilbara was effected by the 
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emplacement of 2.89 to 2.83 Ga post -tectonic granites  along a NW-SE 

trending corridor across the Kurrana Terrane -Eastern Pilbara boundary was 

inferred to represent a failed rift  (Van Kranendonk et al.,  2007). Similar 

granite emplacement between 2.803 and 2.861 Ga (Misra et al .,  1999; 

Bandyopadhyay et al .,  2001; Nelson et al . ,  2014; Bose et al. ,  2016), largely 

concentrated to the south of the Singhbhum granite along a WNW -ESE 

trending stretch, could be the response of a similar tectonic event  (rift)  in 

the Singhbhum.  

Several  similarities have been observed  in the litho-stratigraphy (Hofmann 

et al.,  2016) of the coeval  continental cover sediments of the western Iron 

Ore Group of the  Singhbhum craton and the Pongola Supergroup (2.99 –2.87 

Ga, Gumsley et al .,  2015) and Wi twatersrand basin sediments  (2.99–2.78 

Ga, Kositcin et  al. ,  2003; Kositcin and Krapez, 2004) in  the Kaapvaal.  

Notably,  the shear zones that encircle the granite  complexes of the Eastern 

Pilbara Terrane were considered  (Nelson et al .,  2014) to be similar to  the 

Singhbhum shear zone (200 km long and 10 km wide, Bhattacharya et al.,  

2014) which forms the craton’s north boundary and the Sukinda thrust that  

restricts it  in i ts southern extent.   

Following the super-craton hypothesis, wherein at least  three  ‘clans’ of 

cratons,  a Kaapvaal craton-like clan, a Superior craton  like clan and a 

Slave craton-like clan, have been suggested  (Bleeker, 2003). Each clan 

with characterist ically distinct geological  histories can be traced to their 

ancestral  super-craton. The essential differences between these super -

cratons include their age of  cratonization, chronology of volcano -

sedimentary cratonic cover  successions and the t ime of mafic dyke swarm 
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emplacement (Bleeker, 2003).  The Kaapvaal like clan which include the 

Kaapvaal and Pilbara cratons with Vaalbara super-craton being their 

progenitor (Cheney, 1996), cartonized by ~3.0 Ga (Moser et al. ,  2001). As 

discussed above, the Singhbhum apparently cratonized at about the  same 

time (Roy and Bhattacharya, 2012), much before eithe r the Slave or 

Superior cratons which had cratonized subsequent to  the granite magmatism 

(‘‘granite bloom”) during 2600–2580 Ma (van Breemen et  al. ,  1992; Davis 

and Bleeker, 1999; Davis et  al.,  2003) or granite plutonism between 2680 

and 2649 Ma (Card,  1990) respectively.  Further, coeval deposition (after 

3.0 Ga, following cratonization) of the western Iron Ore Group in the 

Singhbhum and the Pongola and Witwatersrand basin, both consisting of 

similar packages of shallow-marine quartzite, continental  flood b asalts and 

a ferruginous/manganiferous shale -BIF, suggests a good correspondence  

between the Singhbhum and Kaapvaal cratons.  Finally,  the large dyke 

swarms, now known from the Singhbhum (2762 ± 2 Ma, 2752.0 ± 0.9 Ma 

and 2800.2 ± 0.7 Ma, this study)  are a clear expression of the characteristic 

Neoarchean mafic  magamatism reported from both the Kaapvaal and 

Pilbara cratons.  These comparisons show significant similarity in the 

Archean geological  history of the Singhbhum with Kaapvaal and Pilbara 

cratons which belong to the Kaapvaal clan, suggesting Singhbhum craton  to 

be a part  of the Vaalbara supercraton.  
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5.3 Conclusions  

The work presented here resulted in significant outcome which are l isted as 

below. 

1)  We have identified for the first time the ~1765 Ma WNW-ESE 

trending dyke swarm from Singhbhum craton.  

2)  This study was able to yield a mean pal eomagnetic direction with a  

declination = 329.4º and an inclination = −26.6º  (k = 21.5;  α95 = 

10.7º) for 1765 Ma WNW-ESE trending dykes from Singhbhum 

craton.  

3)  This study was able to yield the pole position of Singhbhum craton at  

~1765 Ma is 43.4ºN, 308.7ºE (dp=6.3 and dm=11.6).  

4)  The paleogeographic reconstruction at ~1770 M a, based on 

paleopoles (from BC, India and NCC) and, coupled with a correlation 

of geological , tectonic and metallogenic features indicate towards an 

extended spatial l ink between BC and India for ~370Ma (1770 -1400 

Ma). There is reasonable evidence in support  of India-NCC spatial  

proximity at ~1770 Ma.  

5)  We have identified for the first time three distinct swarms from 

NNE-SSW trending dykes,  i .e. ,  ~2750 Ma, ~2762 Ma, and ~2800 Ma.  

6)  This study was able to yield the mean paleomagnetic direction of 

~2762 Ma NNE-SSW dykes is  Declination = 226º & Inclination = 84º 

(k = 47; α95 = 6 º).  
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7)  This study was able to yield the pole position of Singhbhum craton at  

~2762 Ma is 14ºN, 78ºE (dp=11 and dm=12) 

8)  This study was able to infer the Singhbhum craton -Vaalbara ancestry 

with help of very precise Geochronology and constrained by high 

quality paleomagnetic data and supported by similarity in the 

Archean geological  history of the Singhbhum with Kaapvaal and 

Pilbara cratons.  

9)  The most important contribution of this study is discard ing the long 

held opinion that newer dolerites are mostly of Proterozoic era and 

are one of youngest stratigraphic unit  of Singhbhum craton . We were 

able to find three neoarchaean mafic dyke swarms  event at ~2750 

Ma, ~2762 Ma, and ~2800 Ma and one 1000 Ma younger 

paleoproterozoic ~1765 Ma mafic dyke swarm. These ages are from 

two dist inct dyke orientations i.e.  NNE and WNW respectively.  This 

may encourage the fresh hunt for geochronology from NDD S. 
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