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Abstract

Magnetic nanoparticle decorated N-heterocyclic carbene—nickel complex with pendant ferrocenyl group has been prepared
by multi-step procedure. The formation of complex was confirmed on the basis of analytical techniques such as Fourier
transform infrared (FT-IR), Fourier transform Raman (FT-Raman) and X-ray photoclectron spectroscopy (XPS) as well as
by X-ray diffraction (XRD), transmission electron microscopy (TEM) and vibrating sample magnetometer (VSM) analysis.
The complex proved to be an efficient heterogeneous catalyst for C-H arylation of benzoxazole with aryl boronic acids.
The recycling studies revealed that complex could be reused for six times without significant decrease in catalytic activity.

S Magnetic
Separation

Graphical Abstract

Keywords N-Heterocyclic carbenes - Fe;0, nanoparticles - Ferrocene - C—H arylation - Reusability

1 Introduction

N-Heterocyclic carbenes (NHCs) represent most significant
class of ligands with wide spread and spectacular appli-
cations [1-6]. The choice of NHCs as best ligands can be
rationalized by their incomplete electron octet, coordina-
>< Gujunan Rashinkar tive unsaturation strong s-donor capacity, comparatively
gsr_chem@unishivaji.ac.in e . .

weak m-acceptor property and sterically demanding struc-

ture [7—-14]. In addition. due to modular design of NHCs

Electronic supplementary material The onlinc version of this
article (https://doi.org/10.1007/510562-018-2514-1) contains
supplementary material, which is available to authorized users.
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DNA barcode based delineation of freshwater fishes
from northern Western Ghats of India, one of the world’s
biodiversity hotspots
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Abstract

DNA barcodes analyzed by using relevant techniques provide an imperative approach
towards validation of prevailing taxa and putative species. Here, molecular methods were
used for assessment of 246 barcodes belonging to 81 fish species from northern Western
Ghats of India, using, Barcode gap analysis, barcode index number, automatic barcode
gap discovery, Poisson tree processes and general mixed Yule-coalescent, these methods
had their potential to discriminate 97.53%, 93.90% 95.06%, 93.82% and 92.59% of species
respectively. But, some of them tended to estimate the inconsistent number of species lead-
ing to discrepancies between the morphological concept and inference from molecular phy-
logenetic reconstructions. So, we took a standard approach to recognize those methods that
produced consistent results, three of five such methods were identified that revealed three
hidden cryptic species complexes in Monopterus indicus, Parambassis ranga and Systomius
sarana. Further, to validate these three genetically diverged species, we used diagnostic
character based approach along with nine unidentified species through BLOG and WEKAs
SMO classifier. Those methods were unable to identify these species, which might be due
to the limited number of specimens used for the analysis. This is the first effort to gener-
ate the DNA barcode reference library of freshwater fishes from northern Western Ghats
of India, one of the world’s biodiversity hotspots. These barcodes when analyzed through
the defined workflow, will provide valuable measures to prove the efficiency of molecu-
lar species delimitation methods in taxonomic discrimination which aid conservation of
biodiversity.

Keywords DNA barcoding - Fish diversity - Species delineation - Western Ghats

Communicated by Mark James Kennard.
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The concepts of an interior ideal, minimal interior ideal and an interior-simple I-semiring are defined. Various
properties of an interior ideal and minimal interior ideal of a I'-semiring are studied. Some characterizations of a
minimal interior ideal and an interior-simple I'-semiring are discussed.
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1. Introduction

T-semiring is a generalization of a semiring. Rao [7]
defined and studied I'-semiring. Dutta and Sardar [1] studied
different types of ideals in a I-semiring. Quasi-idcals and
bi-ideals in a I'-semiring were studied by Author [2—4]. Lajos
(6] defined the concept of an interior ideal in a semigroup.
Interior ideal in a semigroup was studied by Szasz [8, 9].
Interior ideals in ordered semigroups and the interior ideal
elements in poe-semigroups were discussed by Kehayopulu
[5].

The concepts of an interior ideal and minimal interior ideal
in a [-semiring are introduced in this paper. Some properties
of an interior ideal and minimal interior ideal of a T-semiring
are proved. Some characterizations of a minimal interior
ideal are studied. Also the notion of an interior-simple I'-
semiring is defined. Some properties and characterizations of
an interior-simple T-semiring arc furnished. For the concepts
in a I'-semiring see Dutta and Sardar [1] and Jagatap and
Pawar (2, 4].

Now onwards S denotes a I'-semiring with absorbing zero
unless otherwise stated.

2. Interior ldeals

Here we define the notion of an interior ideal of a I'-
semiring S.

Definition 2.1. A non-empty subset I of a T'-semiring S is an
interior ideal of S if I is an additive subsemigroup of S and
SCITS €L

Example : Let S = {0.1,2.3,4}. Define two binary opera-
tions + and - on § as follows:

+ |0 |1 J2 [3 |4
0 |0 |1 |2 |3 |4
1 1 |2 13 |4 |2
2 |2 |3 |4 [2 |3
3 |3 |4 |2 |3 |4
4 |4 [3 |2 [4 |2
. 0 [1 |2 [3 |4
0 |0 |0 [0 |0 |o
1 0 |1 |2 |3 |4
2 [0 |2 |4 |3 |2
3 10 |3 |3 |3 |3
4 [0 [4 [2 [3 [4

ForT =S, both S and I are additive commutative semigroups.
A mapping S x " x S — S is defined as aob = usual product of
a,a.b;foralla,b € Sand a € T'. Then S forms a I'-semiring.
{0}, {0,3}, {0,2.3.4} and S are interior ideals of S.

Remark 2.2. Every ideal is an interior ideal of S but not
conversely.
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Geochemical Evidences for Possible Absence of Cu-Sulfide Deposits
in the Deccan Volcanic Province, India

More B. Laxman and K. Vijaya Kumar

School of Earth Sciences, SRTM University, Nanded - 431606, India
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ABSTRACT

Continental flood basalt provinces (CFBs) are important hosts
for large-scale Cu-sulfide deposits. However, sulfide mineralization
is yet to be discovered, if any, in the end-Cretaceous Deccan volcanic
provinee, India. In the present study, geochemical evidences for
the possible absence of Cu-sulfide deposits associated with the
Deccan basalts by analyzing and comparing the geochemistries of
the Deccan and Siberian CFBs are provided. The Fe-rich nature
and high fO, conditions did net favour sulfide saturation at any
stage of magma evolution in the Deccan province. Crustal
contamination of the Deccan magmas also did not increase the
sulfur budget. The most contaminated basalts of Bushe and
Poladpur formations of the Deccan province do not show any
depletion in the copper contents compared to other formations. In
the absence of sulfide saturation, copper behaved as an
incompatible element in the Deccan magmas in contrast to the
Siberian basalts, in which copper behaved as a compatible element
during magma evelution due to sulfide saturation consequently
formed world-class copper sulfide deposits. It is demonstrated
that the lithosphere- and asthenosphere-derived Deccan magmas
have similar Cu abundances thereby suggesting that the Cu-sulfide
deposits associated with the CFBs are process-controlled rather
than source-controiled. Although Cu-sulfide deposits may not have
formed, the geochemical patterns suggest favourable conditions
for native copper mineralization in the Deccan volcanic province.
In the present study, a set of geochemical proxies that can be
utilized as preliminary exploration tools for Cu-sulfide
mineralization in the CFBs is proposed.

INTRODUCTION

Copper sulfide ore formation in continental flood basalts {CFBs)
is a much-debated topic in the realm of magmatic ore deposits. Some
of the CFBs designated as “fertile provinces” are hosts to large-scale
Cu, Ni and PGE sulfide deposits (for example Siberia, Emeishan,
Tarim, Karoo provinces; Zhang et al., 2008); however, some other
CFBs designated as “barren provinces” are devoid of sulfide deposits
(for example Deccan, Parana, Ferrar provinces; Zhang et al., 2008).
Zhang et al. (2008) and Griffin et al. (2013} argued that the ancient
cratonic lithospheres contributed substantially to the budget of Cu
and Ni to the plume magmas, which eventually formed large sulfide
deposits associated with the fertile CFBs; whereas in the barren CFBs,
sub-continental lithosphere contribution was minimal. Alternately, Lee
et al. (2012) suggested that copper abundances are not distinctly
different in the plume-, arc- and ridge-derived primary basaltic magmas
consequently inferred that the ore deposit formation is linked to magma
evolution process rather than mantle source and primary melt
compositions.

In either case (source-controlled or process-controlled), ultimate
formation of the sulfide deposit requires concentratien of the ore and
its separation from the silicate fraction. Factors that influence sulfur-

0016-7622/2018-92-4-393/$ 1.00 © GEOL. SOC. INDIA |

saturation of the magma and physical segregation of sulfide minerals
include (1) degree of mantle melting, (2) FeO, SiO, and Na,0+K,0
contents in the magma, (3) fO, and fS, fugacities, (4) P-T conditions,
(5) assimilation of crustal sulfur and (6) liquid immiscibility. Moderate
degrees of mantle melting (~ 20%) produce highest amount of sulfur
in the melt (Keays, 1995; Arndt et al., 2005). At lower degrees of
melting sulfide phase would be in mantle residue and higher degrees
of melting results in the dilution of sulfur in the melt (Wendlandt,
1982; Keays, 1995; Rehkamper et al., 1999). Lower concentration of
FeO, high concentrations of Si0,, Na,0 + K,0 are favourable for
sulfide ore formation (MacLean, 1969; Haughton and Roeder, 1974;
Buchanan and Nolan, 1979; Naldrett, 2004). Sulfur content needed
for sulfide saturation increases exponentially with fO, (Jugo et al.,
2005; Jugo, 2009). It was estimated that 1300 ppm S is sufficient to
induce sulfide saturation at FMQ-1 and 1500 ppm at FMQ+1 for
MORB; 7500 ppm at FMQ+2 for back-arc and ocean island basalts
and can be as high as 1.4 wt.% at FMQ+2.3 for island-arc basalts
(Jugo, 2009). At FMQ+2 conditions, most of the sulfur occurs in
sulfate state which has 10 times higher solubility than sulfide (Carroll
and Rutherford, 1987; Jugo et al., 2005; Mungall et al., 2006; Jugo,
2008). High temperature magmas dissolve higher amounts of sulfur
(Naldrett, 2004; Barnes and Lightfoot, 2005) whereas decreasing
pressure increases S solubility in the magma (Mavrogenes and O’ Neil,
1999). Therefore, rapid adiabatic ascent of the magma would shift the
magmas into the field of sulfur undersaturation (Mavrogenes and
O’Neill, 1999) thereby inhibits sulfide ore formation. Crustal
contamination is a key process which brings S-undersaturated tholeiitic
basaltic magmas to S-saturation and subsequent sulfide ore formation
(Brugmann et al., 1993; Wooden et al., 1993; Lightfoot et al., 1990,
1993 and 1994; Hawkesworth et al., 1995; Naldrett et al., 1992, 1995;
Lightfoot and Keays, 2005). Assimilation of crustal material is a crucial
factor in sulfide saturation because it will influence temperature, Si0,,
Na,0+K,0 and also adds sulfur to the magma. Solubility of sulfide in
mafic-ultramafic magmas decreases with increasing aS$iO, and aNa,0
{MacLean, 1969). Addition of sulfur from the crustal sources to the
mantle-derived magmas aids to raise sulfur saturation to the levels at
which sulfide segregates (Naldrett, 1999; Naldrett et al., 1992; Lesher
and Campbell, 1993; Ripley et al., 2002; Arndt et al., 2005; Lightfoot
and Keays, 2005; Wilson and Churnett, 2006). The relationship
between assimilation of crustal sulfur by parental magmas and
segregation of magmatic sulfides is well recognized in Noril’sk-
Talnakh, Voisey’s bay and Tarim Basin (Naldrett, 1999).

One geochemical feature that is firrnly established in the CFBs is
chalcophile element (Cu, Ni, PGE) depletion in silicate magmas
{basalts) associated with sulfide ores (Brugmann et al., 1993;
Czamankse et al, 1994; Fedorenko, 1994; Lightfoot et al., 1994;
Lightfoot and Keays, 2005). The erupted basalts, equilibrated with
sulfide ore, are supposed to show chalcophile depletion whether sulfide
saturation took place in large deep magma chambers (Brugmann et
al., 1993), in narrow shallow magma chambers (Rad ko, 1991; Naldrett

DOI: 10.1007/s12594-018-10334




Indian J Microbiol (Jan-Mar 2019) 59(1):105-108
https://doi.org/10.1007/s12088-018-0768-3

@ CrossMark

Copper Ferrite Magnetic Nanoparticles for the Immobilization
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Abstract In this study, novel, hollow superparamagnetic
copper ferrite (CuFe,0,) nanoparticles (NPs) were syn-
thesized by a low-temperature hydrothermal method. The
hollow magnetic spheres were characterized by field
emission scanning electron microscopy and high resolution
transmission electron microscopy to confirm their mor-
phology and size. The hollow NPs were demonstrated as
the support for biological materials by the immobilization
of Thermomyces lanuginosus lipase on the inner and outer
surfaces of the hollow spheres. The immobilization of the
enzyme was confirmed by Fourier Transform Infra-red
spectroscopy and confocal laser scanning microscopy. The
immobilized enzyme was shown to have an immobilization
efficiency of 84.5%. with approximately 176 mg g~' of
enzyme loading, for the hollow-NPs support. The immo-
bilized enzyme exhibited high storage and temperature
stability. The reusability of the immobilized lipase was
more than 80% after 10 cycles of repeated use.

Keywords Immobilization - Hollow nanosphere - Lipase -
Magnetic nanoparticles - Storage stability

Thermomyces lanuginosus lipase is an industrially impor-
tant enzyme catalyzing various reactions including esteri-
fication, hydrolysis, and polymerization, among others.

0 In-Won Kim
inwon@konkuk.ac.kr

B Jung-Kul Lee

jkrhee @konkuk.ac.kr

Division of Chemical Engineering, Konkuk University,
Seoul 05029, Republic of Korea

= Department of Food Science and Biotechnology. Shin-Ansan
University, Ansan 15435, Republic of Korea

Therefore, lipase has been used in the industrial manu-
facture of various products such as food, biodiesel, deter-
gent, pharmaceuticals, leather, textiles, and cosmetics [1].
Due to its high cost, low stability in some environmental
conditions, and its non-reusability, large-scale application
of lipase in industry is rare. In the present study. we
achieved the immobilization of this biocatalyst on a suit-
able support, which could provide a solution for the above-
mentioned problems by facilitating reusability and sus-
tainable stability and thus making the process economic.
Various methods (via covalent bonding, adsorption, ionic
interactions, etc.) and supports (organic and inorganic)
have been reported for the immobilization of enzymes
[2-6]. Among the different supports, functionalized mag-
netic NPs have been considered as an ideal support for
lipase carrier, enabling easy separation by external mag-
netic field. Various structured magnetic NPs for lipase have
been demonstrated, for a vast variety of applications, and
with long-term stability [7-9]. Akyl et al. [10] used dense
spherical magnetic Fe;O, NPs for the immobilization of
lipase during the synthesis of different forms of lipids. The
chitosan functionalized Fe;O, NPs were used for the
immobilization of Thermomyces lanuginosus lipase
for ascorbyl palmitate synthesis [11]. Liu et al. demon-
strated use of hollow Fe3O, NPs for lipase support for high
stability at 60 °C [12]. Here, hydrothermally synthesized
CuFe,0, hollow NPs are presented as an effective and
efficient support for lipase immobilization. Cu(NOj3), and
Fe(NO3); were dissolved in glycerol and propanol in a
50-mL Teflon-lined hydrothermal reactor and heated at
180 °C for 22 h to form hollow CuFe,O,4 NPs after calci-
nation at 600 °C for 2 h. The field emission scanning
electron microscopy (FE-SEM) images revealed that the
as-prepared magnetic NPs are hollow and spherical in
structure. with plate-like rough surfaces that acted as sites

@ Springer
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HIGHLIGHTS GRAPHICAL ABSTRACT

® Mesoporous SiO, is synthesized by
spray pyrolysis using carbon nano-
tubes as a template.

® Mesoporous SiO, microparticles have
been successfully used to immobilize
enzyme.
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® Mesoporous SiO, provides an ex-
cellent support for enzyme in bio-
sensor or biocatalysis.
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Enzyme immobilized
Mesoporous SIO, Microparticle
ARTICLE INFO ABSTRACT
Keywords: Novel mesoporous SiO, microparticles were synthesized by spray pyrolysis using multiwalled carbon nanotubes
Mesoporous silica (MCNTs) as a template. The synthesized multicompartment structure with uniform pores of 12.0nm was used to
Enzyme immobilization immobilize lipase from Thermomyces lanuginosus. The total surface area of mesoporous SiO, microparticles prepared
H')'dmph‘)b'c"y from silica colloidal solution was increased by 26-folds compared to that of dense SiO, particles (494 vs 19.0m?*g™",
:"’g‘_’l'_‘sm respectively). Mesoporous SiO, particles showed 236% higher protein loading for lipase, than dense SiO, particles. The
Lability

maximum velocity (V) and catalytic efficiencies of immobilized lipase were 3.80 and 5.90 folds higher than that of
free enzyme. Contact angle analysis revealed increased hydrophobicity of the mesoporous particles, which is ad-
vantageous for lid opening at the active center, and increased activity after immobilization. We next developed a lipase/
SiO,/glassy carbon electrode (GCE) biosensors. Cyclic voltammetric results showed linear responses of the lipase/SiO,/
GCE bioelectrode towards tributyrin (50-300mgdL™") as a surface-limited reaction in Tris-HCl buffer. After 12 re-
petitive uses, dense SiO,- and mesoporous SiO,-bound lipase retained 74.2 and 95.4% of its original activities, re-
spectively. Thus, given their desirable characteristics and industrial utility, greatly porous SiO, particles may provide an
excellent support for enzyme immobilization in biosensor development or biocatalysis in organic media.
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Abstract

Bamnoli range covers the western part o Satara and Patan taluk of Satara districts and mainly consist of hard lateritic platcaus with
an altitude of more than 1000 m. Laterites of in study area are formed due to intense chemical weathering of the parent basalt. The
transformation of basalt to laterite is traced by studying major and trace elements from different horizons and their inter-relation
plots exhibit differential mobility of elements. X-ray diffraction and Infrared Spectroscopy of the plateau laterite and lithomarge
clay samples indicate the presence of hematite, goethite, maghemite. kaolinite, gibbsite. quartz. ilmenite and rarely montmorillonite,
metahalloysite. Wt % of Fe,0.. Al,O, and SiO, in the Jaterites of the study area ranges between 35.61- 51.69, 13.23- 22.90 and
14.81- 19.75 respectively. Ratio of SiO,/ Fe,0, in laterites is less than 1.33 which indicates that the laterites of the study area are
truc laterites and plots in the ternary diagram (SiO.- Fe,0,- ALO.) indicatc moderatc to strong zone of lateritisation. CIA valucs for
the laterite of the study area range between 98.88- 99.16, while slightly lower values of CIA (94.48- 98.06) is observed for the
lithomarge clay samples. A cluster of laterite plots have been formed when SiO,, Fe,0,, TiO,, and CaO is plotted against CTA. The
best linear correlation is observed for Na,O and LOL Two distinct zones of laterite and lithomarge clay are formed when CIA is
plotted against Al,O,. The average product index (PI) of laterite is 20.80 and that of lithomarge clay is 42.56, which indicates more
intense leaching of silica and other oxides in the duricrust laterite than lithomarge clay.

Keywords: Bamnoli range, Laterite, Lithomarge clay, Basalt, XRD, IR, XRF, CIA, PL.
1. Introduction direction and becomes the drainage divide for Urmodi
and Tarali streams, which are tributaries of Krishna River.
The study area is bound by latitude 17°32and 1 739N
and longitude 73°50CE§ and 73°58(ES§ E, of SOI topographic
sheet no. 47 G/14 on the scale 1:50,000. Average rainfall is
1700mmy/yr, and average temperature 28°C.

Laterite is the product of intense and prolonged
chemical weathering in a hot and humid climate (Babechuk
et al., 2013), wherein during the first stage of weathering
most mobilc clements like Mg, Ca, Na, =K and retention
of Fe, Al and Si causes mineralogical transtormations

(Nesbitt et al., 1980; Chesworth etal., 1 981; Kronberg and
Nesbitt, 1981). Work on Indian laterite especially in terms
of geochemistry and mineralogical changes during
lateritisation were carried out carlier by many workers
(Roy Chowdhury, 1958; Roy Chowdhury et al., 1964;
Sahasrabudhe and Deshmukh, 1981; Meshram and
Randive, 2011; Jadhav etal., 2012). Geochemistry of major
oxides and trace elements along with mineralogical study
of upland laterites of Taralc- Thoscghar was helpful in
ascertaining the genesis of these laterites and their

_ relation with the underlying parent rock basalt.

Tarale- Thoseghar plateau is a part of Bamnoli
range and covers a part of Satara district of Maharashtra,
India (Fig. 1). The plateau runs almost in an east-west

2. Geology of the Study Area

Most of Maharashtra region is covered by the
Deccan basaltic lava flows of tholeiitic compositions,
which covers 500,000 km? areas. The Deccan basalts of
Bamnoli range belong to the Wai subgroup.

Laterites capping the basaltic lava flows form
plateaus and mesas at height about 1000 m AMSL, are
called as “high level laterites” with an average 30 m
thickness (Sahasrabudhe and Deshmukh, 1981;
Widdowson and Cox. 1996; Widdowson, 1997). Laterite
is reddish brown in colour with pisolitic/oolitic, vesicular,
mottled, compact/massive, vermicular and brecciated
structure (Fig.2a- d). Lithomarge clay / Saprolite present
below the hard laterite, is reddish, yellowish red to yellow
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Abstract

This study was carriedout with an objective to filling up the lack of information on the exact mineral paragenesis during lateritic
weathering of the parent rocks, the micro-environments of formation of laterites. bauxites and associated clays, and the nature of
post-diagenetic processes that affect laterites and bauxites (Khanapurkar and Suryawanshi. 2014). Laterite and bauxite deposits
occurring at tive localitics namely Dhangarwadi. Girgaon, Udgiri, Malaiwada and Manoli of Shahuwadi Taluk of Kolhapur district

of Maharashtra were investigated in this study.

Petrographic examination of thin scctions of bauxites, laterites and basalt from thesc arcas show that they arc composcd mainly
of gibbsite and cliachite. with a minor proportion of boehmite, goethite. hematite, limonite and kaolinite. Thin sections of various

lithological variants from many profiles, ranging from fresh basalt to laterite, obtained from different locations, positioned to cover

the entire length of the plateau, were also petrographically examined.

Keywords: Deccan Trap. Laterite. Bauxite. Pctrography, Gibbsite, Cliachitc.

1. Introduction

Deccan Trap basalts in Western Maharashtra,
India progressively weather insitu to laterites and bauxites
via an intermediate stage of saprolitic clays. The
unweathered basalts are predominantly composed of a
calcic plagioclase and a ferrous pyroxene, with a minor
proportion of magnetite, ilmenite, volcanic glass,
iddingsite and palagonite. Dissolution etch pits have
formed due to weathering on the surface of minerals in
these basalts (Khanapurkar and Suryawanshi, 2015).

Weathered basalts are composed of various
combinations of smectites, kaolinites, goethite, hematite
and anatase. Kaolinite is the principal mineral in saprolitic
clays overlying the basalts in the residual bauxite
deposits. It commonly forms a framework of submicron
sized, irregular shaped platelets, and occasionally occurs
as booklets of hexagonal platelets that rarely form
spheroidal aggregates. Residual laterites overlying the
saprolitic clays exhibit vesicular, spongy and pisolitic
macrotextures and are composed mainly of hematite and
goethite with a minor proportion of gibbsite. kaolinite
and anatase (Roy Chowdhury et al, 1965; Khanapurkar
and Suryawanshi, 2015). Bauxites, which occur as pockets
and lenses within the laterites , display pisolitic ., massive

and nodular microtextures, and arc predominantly
composed of gibbsite with minor amounts of anatasc,
kaolinite , hematite and goethite. Laterites and bauxites
are characterized by framework microtexture formed by
three-dimensional packing of the crystallites (Chitale.
1986). The study area considered here i.c. Shahuwadi Taluk
in Kolhapur District represents only Western
Mabharashtra, India (Fig-1.).

2. Materials and Methods

Laterites and bauxites of western Maharashtra
occur as a capping over the Deccan Trap basalts covering
wide regions. Laterites and bauxites of Shahuwadi Taluk
represent high-level deposits occurring at elevations of
over 1000m. Representative in-situ sampling of the
weathered profiles was carried out at twenty locations in
Shahuwadi Taluk of Kolhapur district in western
Maharashtra(Fig.1.). The samples were studied
megascopically and microscopically.

2.1 Sample Collection

Nineteen representative samples of laterites,
bauxites, and Deccan Trap basalts were collected from
the bauxite deposits in Shahuwadi region of western

Maharashtra. The samples were carefully chosen in order
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ARTICLEINFO ABSTRACT

Keywords: ‘The Mesaopr ic Elchuru line complex in the Prakasam Alkaline Province (PAP), Eastern Ghats Belt, S'E
Alkaline magma india is intruded by coeval sh dikes. Magmas p I to both the host nepheline syenite and shonki

Dike . dikes formed during ca. 1350 Ma l-rift related mag; The shonkinite dikes show fine-to medium-
Shonkinite grained equigranular to foliated textures with clinopyroxene, biotite, amphibole, K-feldspar perthite and ne-
hsmi!mm;loy pheline as major mineral phases. The dnkes grew by inflation and coalescence of dike segments along intrusive
Indiz steps, is and sub e, and th 1) ‘hanical erosion of the host rocks. A few dikes

resulted by filling the fracmrs created by shearing. Inflation of intrusive steps between magma segments by
Mode 1 opening is the major mechanism of shonkinite dike emplacement and growth. However, the shonkinite
dikes also demonstrate the application of remote shear stress on the dike walls resulting in anastomosis, en-
trapment and segmentation of tabular host rock xezoliths, and in extreme cases brecciation of the host rocks

diti Practal lysis of lith-b

under volatile-rich and }

iscous melt
that thermal erosion was facilitated and d by mechanical breakd

ing dike further illustrates
of host rock xenoliths due to

interactions of tensile and shear forces. Cross~cutting relationships between the shonkinite dikes suggest local
deviation in the least compressive stress direction during dike emplacement. The shonkinite dikes of Eichuru

demonstrate that spatially- and

icted high-volatile low-viscous alkaline magmas may have dis-

P

tinctly different styles of emplacement, as controlled by interaction of near field (magmatic) tensile stress and far
field (tectonic) shear stress, in an evolving continental-rift setting.

1. Introduction

Dikes offer physical evidence to understand the mechanisms of
magma transportation in the Earth's crust. Emplacement and growth of
dikes also provide clues to crustal evolution at scales ranging from that
of a fracture to fragmentation of supercontinents. Dikes inject either
through pre-existing fractures or create their own pathways by hy-
draulic magmatic fracturing involving the dilation of country rocks
(Walker et al., 2017). Additionally, viscous indentation and fluidization
of the host rock can also facilitate dike emplacement (Schofield et a
2012a,b; Spacapan et al, 20156a). Dike emplacement occurs by hy-
draulic magmatic fracturing when magma pressure exceeds the litho-
static pressure. It is generally assumed that the dikes emplace perpen-
dicular to least compressive stress gs (Anderson, 1951; Gudmundsson,
1990) provided the magma propag; in self-generated hydraulic fis-
sure. In the hydraulic magmatic fracturing model dike tips tend to be
irregular to sub-rounded whereas in pre-existing fracture-fill model the

* Corresponding author.

E-mail address: vijay kumar92@hotmail.com (K. Vijaya Kumar).
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dike tips would be straight and wedge-shaped (Motoki and Sichel,
2008). Examples of dikes emplacing in both self-generated (Anderson,
1938; Delaney et al., 1986) or in pre-existing (Currie and Ferguson,
1970; Baer et al., 1994; Jolly and Sanderson, 1995) fissures both exist.
However, dike emplacement is not restricted to mode I (tensile) frac-
tures alone. If the differential stress at the site of dike injection, due to
addition of tectonic stress to the magma pressure, is greater than ~4T
(where T is the tensile strength of the rock) then the rock will fail by
shear stress and the dike will be injected into the shear fractures at
oblique angles to the principal stresses (Escher et al., 1976; Delaney
et al., 1986; Correa-Gomes et al., 2001; Khodayar and Einarsson, 2002;
Paguet et al., 2007; Skarmeta, 2011; Gerbault, 2012; Spacapan et al,
2016b; Morozov et al, 2017). Dikes may also propagate and grow
through thermal erosion of the country rocks in a non-dilation en-
vironment (Fialke and Rubin, 1999).

Magma pressure and the regional stress field in addition to the host
rock characteristics are the dominant factors that control the length/
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