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Vanadium-bearing titaniferous-magnetite mineralization from the 
Simdega area, Chhotanagpur Gneissic Complex, Eastern India 
 
Vanidiferous titano-magnetite occur-
rences are common in gabbro–norite–
anorthosite associations all over the 
world1. Such type of ores are also  
reported from different parts of the  
Indian shield, viz. (i) Dublabera–
Katwarpahar2,3, Kumardhubi, Betjharan, 
Amdabera4,5, Saltora6 and Nausahi7,8 
areas of the Singhbhum craton, and (ii) 
the Nuggihali schist belt9,10, Dharwar 
craton. In all these occurrences, the  
vanadiferous titano-magnetite ore bodies 
occur in the form of layers, lenses, pock-
ets, stringers and veins. In this communi-
cation, we report the vanadium-bearing 
titaniferous magnetite disseminations 
from a gabbroic dyke near Saghjohr 
(22°36′15.9″N, 84°14′6.1″E), Simdega 
area, which is located about 60 km north 
of Manoharpur–Chiria iron ore deposit 
within the Chhotanagpur Gneissic Com-
plex (CGC). 
 The Singhbhum craton, the Singh-
bhum mobile belt, CGC, and the Shillong 
plateau – together constitute the Eastern 
Indian shield (Figure 1 a). The CGC has 
experienced poly-phase deformation, me-
tamorphism and magmatism11,12. Mag-
matism in CGC is known to be mainly 
controlled by the five major tectonic 
zones. Four of them have almost similar 
ENE–WSW to E–W strike, but the fifth 
one has N–S strike coinciding with the 
trend of Rajmahal basin. From south to 
north they are named as the (i) South Pu-
rulia Shear Zone (SPSZ), (ii) North Puru-
lia Shear Zone (NPSZ), (iii) Damodar 
graben and (iv) South Narmada South 
Fault (SNSF). Two schools of thought 
exist regarding the relationship between 
the Singhbhum craton and the CGC; one 
group favours CGC as a mobile belt11–14 
and the other favours the view that it is a 
cratonized mobile belt15–20. 
 The area of present study is dominantly 
occupied by granites and gneisses along 
with enclaves of supracrustal rocks such 
as quartz mica schist, quartzite, quartz 
schist, calc silicate rocks, granulites and 
the tourmaline biotite schist. E–W trend-
ing meta-basic dykes are widespread and 
intrude the granites and gneisses. A few 
N–S trending unmetamorphosed gab-
broic and lamprophyre dykes are also 
present intruding both meta-basic dykes 
and granite-gneisses. Some tourmaline-

bearing quartz veins are also reported21. 
The presently studied N–S trending dyke 
is 1.5–2 m wide and about 200 m long, 
undeformed and unmetamorphosed  
gabbro dyke intrudes the Chhotanagpur-
Granite-Gneisses in the Saghjohr village 
of Kersai Tehsil, Simdega district  
(Figure 1 b). 
 Alumina polished thin sections of the 
dyke rock were studied under a Carl 
Zeiss AXIO SCOPE.A1 polarizing  
microscope. CAMECA SX Five electron 
microprobe (EPMA) and EVO18 Scan-
ning electron microscope (SEM) in the 

Department of Geology, Banaras Hindu 
University are used for imaging and 
mineral analyses. LIF, PET, LPET, 
LTAP and PC1 crystals of EPMA are 
used for quantification. Wavelength dis-
persive spectrometry and LaB6 filament 
with beam diameter of 1 μm were the 
analysing parameters. An accelerating 
voltage of 15 kV and a beam current of 
10 nA (for both major and minor ele-
ments) were used. Standards like diop-
side (Ca), peridot (Mg), SrSO4 (Sr), FeS2 
(Fe), orthoclase (K), rutile (Ti), NaCl 
(Na), apatite (P), CaSiO3 (Si), corundum 

 
 
Figure 1. a, A generalized geological map of Chotanagpur Gneissic Complex and nearby 
areas showing different litho-units28. b, Geological map of the study area29. 
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(Al), V2O3 (V) and fluorite (F) were used 
for calibration. Counting time was 10 sec 
for both major and minor elements.  
Vanadium is tested to prevent the interfe-
rence with titanium in LIF and in LPET 
crystal. The error on the given calibra-
tion settings was expected to be <1% for 
major elements and <5% for trace ele-
ments. 
 Two gabbro samples were analysed for 
major and trace elements by ICPOES 
(Jarrell-Ash ENVIRO-II) and ICP-MS 
(Perkin Elmer Sciex ELAN 6000) at the 
Activation Laboratories, Ancaster, Cana-
da. STM1, MRG1, DNC1, W2 and SY3 
were the internal standards with the pre-
cision <5% and 5–10% for the major 
oxides and trace elements respectively. 
 Petrographic study shows that the gab-
broic dyke of this study consists of clino-
pyroxene (25–30 vol%), orthopyroxene  
(4–5 vol%), plagioclase (35–40 vol%), 
minor amount of hornblende and opaque 
minerals. Magnetite and ilmenite essen-
tially constitute the opaques. All the 
mineral phases are pristine and unaltered 
in nature. Coarse and tabular laths of 
plagioclase surround the pyroxenes.  
Lamellae of ilmenite in magnetite (Fig-
ure 2 c–f ) are quite common. 
 Clinopyroxenes are subhedral, medium 
to coarse grained and are represented by 
augite, pigeonite and minor hedenber-
gite. Their composition varies from 
Wo11.07En23.21Fs18.36 to Wo37.15En56.75- 
Fs53.08. Their TiO2 content is high, i.e. 
0.44–0.94 wt%. Orthopyroxene is ferro-
silite and its composition ranges from 
Wo1.07En22.93Fs63.41 to Wo4.26En35.40- 
Fs73.58. Plagioclase is dominantly ande-
sine and labradorite with the composi-
tional range from An36.32Ab62.58Or1.10 to 
An59.16Ab40.26Or0.58. 
 Lamellae of ilmenite in magnetite 
represent exsolution texture. Ilmenite has 
FeO 45.31–48.49 wt% and TiO2 from 
49.67 wt% to 51.77 wt%. On the other 
hand, magnetite displays a greater range 
of FeO varying from 31.59 wt% to 
43.21 wt%, Fe2O3 from 40.28 wt% to 
64.33 wt%; TiO2 in magnetite is 0.96–
13.18 wt% and contains unusually high 
V2O3 (1.85–4.47 wt%). In most grains 
V2O3 is in the range 1.5–2.5 wt%.  
While the vanadium-bearing titaniferous 
magnetite occurs as disseminated acces-
sory phase in the dyke in the present 
study, such vanadiferous titano-magnetite 
ore bodies have also been reported from 
different domains of the Indian shield 
such as (i) Dublabera–Katwarpahar2,3 

 
 
Figure 2. Petrographic photomicrographs and backscattered electron (BSE) images of 
Simdega gabbroic dyke. a, b, orthopyroxene (Opx) and clinopyroxene (Cpx) enclosed by the 
plagioclase in transmitted cross-polarized light. c, d, magnetite and ilmenite intergrowth 
texture in reflected light. e, f, BSE images of magnetite–ilmenite intergrowth pairs. Bright 
colour laminations are magnetite and relatively dark laminations are ilmenite. Plag, Plagio-
clase; Opc, Opaque; mt, magnetite; ilm, ilmenite. 
 

 
 

Figure 3. a, Energy dispersive spectra (EDS) showing the presence of Fe, Ti, V. The Fe is 
very high relative to the Ti and V. b, EDS spectra of ilmenite showing the high amount of Fe 
and Ti with the absence of V. 
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(V2O5 = 0.59–4.9 wt%), Kumardhubi 
(V2O5 = 1.4 wt%), Betjharan (V2O5 = 
1.0 wt%), Amdabera4,5 (V2O5 = 0.7–
1.5 wt%), Nausahi7,8 (V2O5 = 0.96–
1.88 wt%) and Saltora6 areas of the 
Singhbhum craton, (ii) from the Nuggi-
hali schist belt (V2O5 = 0.45–1.0 wt%), 
Dharwar craton, southern India9,10 and 
(iii) Ganjang, Karbi–Anglong (V2O5 = 
0.07–2.14 wt%) from the Meghalaya  
plateau22. 
 The reported gabbroic dyke is classi-
fied as gabbro-norite based on minera-
logy and whole rock data. The bulk  
rock composition (major oxides) of the 
dyke is: SiO2 = 50.52 wt%, Al2O3 = 
12.77 wt%, Fe2O3

T = 17.02 wt%, MgO = 
5.4 wt%, CaO = 10.05 wt%, TiO2 = 2.27 
wt%, Na2O = 2.3 wt%, K2O = 0.63 wt%. 
The bulk rock data shows high abun-
dance of V = 398 ppm.  

 Pristine and unaltered mineralogy in 
all the studied samples demonstrate lack 
of role of hydrothermal fluid activity. 
During crystallization of the melt in the 
magma chamber, V can enter either the 
Fe3+ site in Fe3O4 or the Al3+ position in 
the spinel structure. V also can enter the 
Ti4+ position in FeTiO2 subject to fO2 
conditions in the magma chamber23. 
Energy dispersive spectra (EDS) of mag-
netite and ilmenite clearly reveal the pre-
ference of V towards the Fe3+ (Figure 3). 
The substitution was nearly consistent at 
constant fO2 conditions as also revealed 
by limited variation in concentration. 
This is further supported by the poor  
correlation between the element oxides 
such as Al2O3 and TiO2 vs V2O3 (not 
shown). 
 The calculation of equilibrium temper-
ature and oxygen fugacity using ilme-

nite–magnetite pairs is carried out fol-
lowing Spencer and Lindsley24 wherein 
iron, ulvospinel and ilmenite have been 
recalculated after Carmichael25. The re-
sults are shown in Table 1. V is domi-
nantly present as V3+ in oxygen fugacity 
conditions below the hematite–magnetite 
(HM) buffer. Hence, V3+ is likely to be 
incorporated within magnetite, rather 
than in ilmenite. Preferential enrichment 
of vanadium in magnetite would have 
occurred during exsolution at late-stage 
of magmatic crystallization/cooling in 
the temperature range of 412–564°C and 
under relatively lower oxygen fugacity 
(log fO2 = –35 to –21) condition (Figures 
4 and 5). Whereas favourable oxygen  
fugacity conditions may have prevailed 
for the formation of vanadium-bearing 
titaniferous magnetite in this dyke, eco-
nomically viable concentration of this 
mineral additionally requires other con-
ditions such as large enough magmatic 
body and tectono-magmatic conditions 
which promote concentration of the ore 
minerals into ore bodies. Detailed  
regional geological and geophysical stu-
dies in this region are required to ascer-
tain the presence of such ore bodies 
which are known to be economically 
prospective26,27. 
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Figure 4. Composition of Fe–Ti oxides plotted in TiO2–FeO–Fe2O3 ternary diagram (atomic 
proportions)30. 
 

 
 
Figure 5. T-fO2 diagram31 showing the study samples are in the ideal condition of forma-
tion of magnetite–ilmenite pairs. 
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Molecular phylogeny of Scymnus latifolius, a predator species of mealy 
bug shows divergent evolution among Scymnus species 
 
Ladybird beetles belong to the family 
Coccinellidae, super family Cucujoidea, 
suborder Polyphaga of order Coleoptera1, 
and consist of more than 360 genera and 
6000 species2. Many of the coccinellid 
insects are widely used as predators in 
the biological control of major agricul-
tural pests. Previously, we have descri-
bed a novel predator, Scymnus (Pullus) 
latifolius Poorani belonging to Scymnini 
tribe of the family Coccinellidae3. The S. 
latifolius beetle is found to predate upon 
all developmental stages of several mea-
lybug species, a major pest with a wide 
host range, and hence could play a key 
role in biological control. 
 Several phylogenetic subdivisions for 
the family Coccinellidae have been pro-
posed based on conventional morpho-
logical observations2,3 and molecular 
methods4,5. Mitochondrial gene sequen-
ces have been widely used to understand 
the evolutionary history of coleopte-
rans6,7 and coccinellids in particular4,5,8,9. 
The mitochondrial cytochrome C oxidase 
subunit I (COI) gene nucleotide sequen-
ces have been extensively used for phy-
logenetic analysis and species-level 
identification of Coccinellidae9. The 

present study was conducted to identify 
the phylogenetic relationship of Scymnus 
species with other Scymnini and cocci-
nellids through comparative analysis of 
partial sequences of mitochondrial COI 
gene. 
 Insect collections were obtained from 
mulberry gardens located in Murshida-
bad, Malda, Birbhum and Nadia districts, 
West Bengal, India using standard tech-
niques. Adult specimens of S. latifolius 
were positively identified using morpho-
logical descriptions2 and preserved in 
85% ethanol in the dark at 4°C until fur-
ther analysis. DNA was isolated from the 
hind legs of individual beetles using a 
DNA isolation kit (Qiagen, Germany) 
following the manufacturer’s protocol 
and stored at –20°C until use. Polyme-
rase chain reaction (PCR) amplification 
of partial gene sequences of mitochon-
drial COI gene was conducted using the 
universal COI primers10 following a  
method described previously11. The PCR 
products were purified using a kit (Qia-
gen, Germany) and sequenced by San-
ger’s method at a commercial facility. 
The nucleotide sequences of COI gene 
generated have been submitted to the  

National Center for Biotechnology  
Information (NCBI) and can be accessed 
at GenBank (accession number KU512906). 
Sequence diversity of specific 595 bp 
fragment of the mitochondrial COI gene 
(the COI 5′ region) amplified from S. la-
tifolius was compared with COI gene se-
quences of 44 different Coccinellids with 
one out-group from another subfamily 
(Serangium spp.) available in the NCBI 
database. The initial multiple alignment 
and sequence editing were carried out  
using Molecular Evolutionary Genetics 
Analysis software (MEGAX)12. Later, 
phylogenetic analysis was carried out 
employing Bayesian approaches13 using 
Mr Bayes programme (Mr Bayes 3.2.7v 
WIN64) available at https://nbisweden. 
github.io/MrBayes/download.html. Before 
constructing the phylogenetic tree,  
the substitution model was analysed  
using MEGAX software. The model 
GTR + I + G was found to fit well with 
lowest Bayesian inference (BI) index. BI 
analyses were done using two runs simul-
taneously, with maximum likelihood 
starting tree, and four chains were used 
for the analysis (one cold and three hot) 
and the temperature set at 0.1. A run was 
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