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Abstract: Episodic network of dykelets/dykes/sills intrude the Precambrians of Padu-Nongryngkoh-Jarain
area, East Meghalaya Plateau, North East India; close to a weak intersection zone of Raibah and Umngot faults
in an extensional phase caused by upwelling of the Kerguelen Plume. Olivine and diopside
macrocrysts/microcrysts and xenocrysts with calcite or, analcite ocelli dispersed in a tholeiitic or, alkali
basaltic or, alkaline base implies a rapid and violent ascent to the surface. The dykes are picritic, tholeiitic,
alkaline to occasionally calc-alkaline. The ultramafic and some of the alkaline dykes are abundant in
compatible elements, along with high Mg# suggesting a primitive source while mildly enriched LILE (e.g., Sr,
K, Rb, Ba, Th), HFSE (e.g., Nb & Zr) and LREE (e.g., La, Ce, Sm) with depleted HFSE (e.g., Ti & Y) and HREE
infers crustal contribution of the more evolved tholeiitic and some alkaline samples. The attribute of these
alkaline-OIB type dykes infers a mantle derived magma ascending to the surface with some melting,
assimilation, storage and homogenization (MASH). Modest to abundant rare-earth elements (Y REE = ~ 80 to
332 ppm, Lay = 50 to 225) increases from the picritic to tholeiitic to calc-alkaline samples; a manifestation of
assimilation and fractional crystallization (AFC). The alkaline dykes with higher REE contents than the
tholeiitic counterparts are derived from an enriched mantle. Moderately high REE fractionation with high
(Gd/Yb)cy ratios indicates garnet fractionation that could be linked to a plume-related mantle sources that
melted at depths of the garnet [(Gd/Yb)cy > 2] facies; supported by considerable HREE depletion compared to
LREE (La/Yb)cy. These REE characteristics corroborate to the garnet peridotite sourced basalt flows of
Mawsynram-Shella basalts of East Khasi Hills section and Rajmahal-I1 basalts related to the Kerguelen Plume
activity.
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I.  Introduction

The Meghalaya-Assam Plateau exposes rock types ranging from Archaean, Proterozoic to Tertiary
period. The Precambrian Gneissic Complex (GC) comprises dismembered caught up patches of meta-pelite
(sillimanite-corundum rock, khondalite), calc-granulites and two pyroxene granulites and charnockite (Gogoi,
1975; Khonglah, et al, 2008, Khonglah, et al, 2010) occurring within undifferentiated gneisses (older grey
biotite metapelitic gneiss, tonalitic-granodioritic gneiss & younger pinkish K-rich granite gneiss) unconformably
overlain by metasediments of the Shillong Group (SG). The ‘Khasi Metabasic Intrusives’ of gabbroic
composition at places associated with meta-hornblendite-tonalite-trondhjemite are confined to the Shillong
Group (Khonglah, et al, 2012). Several Mid to Late Proterozoic porphyritic granitoid plutons in association with
anorthositic-rock/norite/noritic-gabbro — quartz-mangerite - charnockite (Khonglah, et al, 2010) and other mafic
differentiates (Sarkar, et al, 2007) and Early Cretaceous ultramafic—alkaline—carbonatite complexes intrude both
the GC and SG (Nandy, 2001). The southern part of the massif is covered by the Sylhet trap volcanics and
Tertiary sedimentary sequences (Talukdar, & Murthy1971; Nandy, 2001) (Fig-1). Locally, two distinct alkali
basalt flows occur in the Umiew and Dwara gorge section between the more dominant tholeiitic basalt flows
(Talukdar, 1967).

The communication aims at documenting the preliminary petrography and geochemical characters of
the hitherto unknown network of ultrabasic-basic-alkaline dykes/dykelets and sills (Fig-3) of Nongryngkoh-
Padu-Jarain area (henceforth refer to as NPJA), which are hypabyssal representatives of the Early Cretaceous
Sylhet Trap basalt flows (Fig-2). These picro-tholeiitic basalt (PB)[Fig-4] some with alkaline affinity (APB);
high Mg-tholeiitic basalt (TB), tephrite basanite (TBN), alkali olivine basalt (AB) [Fig-3], nephelinite (NP),
tholeiitic basalt (TB), basalt (B), dolerite (D), trachy-basalts (TRB) and basaltic andesite (BA)
dykelets/dykes/sills are intrusive into the Precambrians. Locally the oldest rock types in NPJA comprises
banded metasedimentary carbonate - calc-silicate - silicate supracrustals rocks (henceforth refer to as BCS)
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included in older grey granodioritic mylonitic gneiss (refer to as OG) with both possibly forming the basement
rocks for the Proterozoic SG metasediments. Younger sheared, foliated augen and pinkish syntectonic granites
(refer to as YG) emplace the BCS and OG. This composited granitoid complex occupies the area south of
Umngot River. The green schist facies quartzite, micaceous quartzite, thin quartz-mica-schist intercalations of
SG and Khasi Meta-Basics (refer to KMB) situates north of the Umngot River (Fig. 2, present work). However
caught-up-patches of SG quartzite, KMB within YG prevail south of the river, e.g. WNW of Padu (Fig-2).
Locally the carbonate of BCS are remobilized and injected into the YG and KMB in the form of small dykelets,
veins and lit-per-lit injections. Late phase syn to post tectonic pegmatites intrudes the BCS, OG, SG and YG
followed by the Cretaceous dykes mentioned above. The thick bedded Tertiary sandstones of Shella Formation
unconformably blankets the Proterozoic and Cretaceous rocks (Fig-2). The BCS and OG maintain a NW-SE and
ENE-WSW foliation trends in the Umngot Gorge and Umsiang Riverbeds respectively, while bedding and
mylonitic foliation of SG vary from ENE-WSW to NE-SW with steep northerly dips. The contact between the
SG and YG is intrusive and subsequently thrusted along ENE-WSW, evidenced by presence of recumbent folds
in SG near to the contact and development of an ENE-WSW trending shear zone along the contact. The Tertiary
sandstones display a sub-horizontal to horizontal bedding attitude (Fig-2).
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=3 - Meghalaya State Boundary

- Alluvium [] - Cretaceous-Tertiary Sediments EEE] - Sylhet Trap
[2]- uitramafic & carbonatite complexes [[I11] - Porphyritic Granitoids

[#7] - Meta gabbro-dolerite [ - Shillong Group (quartzite, phyllite, schist, conglomerate &
minor meta-acid volcanics)

IIII[I]]I[I]- Umsning Schist Belt (Variegated quartz mica schist, quartzite & mylonites)
:l- Gneissic Complex - granite gneiss (grey biotite gneiss & migmatites - older than USB &
5G), foliated & sheared gneissose granitoids {ﬁ:unger than USB & younger to SG

m_ Basic granulite-amphibolite m-ﬂlder etasediments of Riangdo (BMQ) - banded
g P = magnetite quartzite,(Cg)- calc-granulite &

{S)- sillimanite-corundum rocks
Shear Zones: SLSZ - Sonidan-Lyngkhoi, BTSZ - Barapani-Tyrsad & KSZ - Kynshi
Fig- 1. Regional geological and tectonic framework of the Meghalaya-Assam Platean
(modiffed giter Maozumdar, 1976, Nandy, 2001, Srivasomva, of al, 2004 & Khonglak, et al, 2008}

The network of NPJA dykes, occasionally sills (Fig-3) intrude the Precambrians along ENE-WSW;
NNE-SSW, NW-SE and rarely along N-S trends close to an intersection zone of two major linear structures
involving the eastern extension of the E-W striking Raibah fault (Talukdar & Murthy, 1971; Nandy, 2001)
meeting the N-S trending Umngot Fault [Srivastava, et al, 2004] (Fig-1 & 2). The thicknesses of the dykes vary
from 5 cm to > 1 m never exceeding 1.5 m. Chilled margins and xenoliths of granitoids are associated with the
thicker dykes. Megascopically the porphyritic basalt dykes are melanocratic and cumulitic to porphyritic in
nature with phenocrysts of up to ~50 to 60% by volume in picro-tholeiitic basalt; ~ 30 to 40% in tholeiitic basalt
TB and widely varying from ~ 20 to 50% in tephrite basanite, alkali olivine basalt and trachy-basalts. Euhedral
to subhedral mafic phenocrysts of ~ 0.5 - 1cm length scatter in a microcrystalline to glassy basalt groundmass
dotted with pyrite and rare galena specks. Megascopically the nephelinite, dolerites and non-porphyritic basalt
dykes are melanocratic and medium to fine grained sparsely spotted with pyroxene, plagioclase or rarely olivine
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phenocrysts in case of the latter two. The basaltic andesite dykelet at Jarain intruding augen granite is
leucocratic and fine grained while at Umgnot Riverbed NNW of Mawlong it is mesocratic (present work).

- Sandstone/Conglomerate- Shella Formation - Tertiary (Eocene)
[ =] - Alkaline Picrite Basalt {APB} /Alkall Olivine Basalt (ABS)/
(=] Tephrite basanite rran{jrrralny-hasau (TRB]MIa-fmph;Iinim (MN)/ sg;:'l" Trap
Porphyritic basalt (PB)Dolerite (D)/Sub-porphyritic Basalt (B)/ ::: v
Basaltic Andesite (BA) dykes/dykelets [note - PB, B & D are retacecus}
figld & petrographic terminalogy with no chemical analyses]
- Foliated/iGneissose Sheared Meta-Granitoids,

i1

Sheared & Underformad Pegmatites & Migmatite Syn-
with enclaves of granodiorite gneiss (older than SG), L Tactonic
quartzite (5G) & Khasi meta-basic (KMB) Granites Mid-
- Augen Gneiss/Granite (YG)  proterozoic

[E - Meta-gabbro & amphibolite - Khasi Metabasics (KMB)
[ ]- Quartzite with minor Quartz Mica schist - Shillong Group (SG)
E==5- Banded Carbonate-Silicate Rock (BCS)

Index -[ 74/]-Bedding [[NE2] - Folistion [=<7]- Thrust[——] . ENE-WSW Shear Zone
[ - NW.SE Shear Zone[ - *F | - Fault [== L ] - Lineament - Joints

Fig-2. Geological map of Nongryngkoh-Padu-Jarain area (in parts SOI toposheet §2C35),
Jaintia & East Khasi Hills Districts, Meghalaya

NNW of Mawlong

Petrography & Mineral Phase Identification: Thin section studies were carried out with the aid of Orthoplan
& Leica binocular microscope while EPM Analysis was taken up for mineral species identification at EPMA
Laboratory, Central Headquarters, GSI, Kolkata, with a CAMEMCA Sx100 instrument at accelerating voltage
of 15 KV, current of 12 nA and beam size of 1 micron where all natural standards were maintained except for

DOI: 10.9790/0990-0406022135 www.iosrjournals.org 23| Page



Geochemistry of the Tholeiite and Alkaline Dykes of Nongryngkoh-Padu-Jarain Area, Meghalaya, ...

Mn and Ti, which is synthetic. The porphyritic basaltic dykes constitute variable proportions of euhedral to
subhedral macrocrysts (>1000 pm) of olivine (chrysolite Fo ~78-83 for picro-tholeiitic basalt ; Fo ~86 for
tholeiitic basalt), [Fig-5 & 6], diopside (En~ 30-41, Wo ~ 45-50, Fs~ 5-22 & occasionally En~48, Wo~49 &
Fs~3) with presence of augite (En~39-49, Wo~51-60 & Fs~10-17) in picro-basalt. Oscillatory and sector zoning
are pronounced in the Cpx xenocrysts (Fig-7), macrocrysts and microcrysts that may poikilitically enclose
olivine (Fig-7). In picro-basalt and tholeiitic basalt the microcrystalline groundmass, constitute Cpx (diopside of
similar composition to macrocrysts), opaques (magnetite and ilmenite), plagioclase, + analcite, biotite, calcite,
titanite, serpentinised talcose-chloritic-, clayey materials (mostly of montmorillonite-smectite composition with
occasional kaolinite & illite) and mafic glass. Only minor plagioclase (labradorite - An~50 to 57) [Fig-5]
associates with picro-tholeiitic basalt that increases in TB and the non-porphyritic basalt dykes. In tephrite
basanite, alkali olivine basalt and trachy-basalts, glassy mafics (mainly pyroxene), analcite, K-feldspar and
clayey material makes up the groundmass. In both basic and alkaline dykes an oxide phase (i.e., magnetite)
exists as subhedral to euhedral or, acicular to skeletal grains with rare exsolution texture. Amoeboid, elliptical,
circular to irregular ocelli of calcite and ocelli of similar composition to the groundmass commonly occur in the
groundmass. Analcite ocelli encasing calcite grains a (Fig-8) associate with the alkaline dykes e.g. tephrite
basanite and nephelinite. In nephelinite diopside (En~48, W~50, Fs~2) phenocrysts are set in a medium grained
groundmass of spongy nepheline, microcrystic diopside and occasional wollastonite (En~32-38, Wo~50-55,
Fs~10-12), opaques and minor to accessory biotite, apatite, secondary altered brownish ferruginised material,
spinel and hydro-garnet (Fig-9). Globular calcite ocelli some with excellent pseudo-uniaxial figure (Fig-9) are
partially embayed by elongated diopside and spongy nepheline grains (Fig-9). Hydro-garnet (grossular ~ 83 and
spessartite ~ 16) occur as secondary anhedral altered products around Cpx and associates with the dusty
ferruginous patches formed due to post magmatic metasomatic/alteration reactions. In the non-porphyritic
basaltic and dolerite dykes sparse euhedral macrocrysts/xenocrysts and microcrysts of plagioclase > clino-
pyroxene spreads in a fine to medium grained, ophitic to sub-ophitic basic base. The basaltic andesite samples
petrographically constitute widely scattered globular vesicles/ocelli filled up by polygonal aggregates of
secondary calcite distributed in a groundmass of feldspar glass shards and microlites, intensely spotted with fine
mafic minerals and opaques (magnetite). Common accessories in the samples are mainly apatite, zircon and
sphene. In one sample, a pyrite ocellus is included in a bigger calcite ocellus (Fig-10) implicating complex
immiscible coexistence of andesitic basalt magma, carbonate melt and a sulphide liquid phase.

i --. Sl Y
\1\ Fig-6. BSE Imag= of alteration (A) zons in tha groundmass
AW b & ¥ around an olivina (O) macrocryst with complax zone of dark
. - N A e talcose and lighter carbonate bands. P - Diopside corrodad
Fig-3. Olivine macrocrysts and ocellus (OC) set in a fine macrocrysts; groundmass comprises microcrysts of diopside,
basaltbase of augite, diopside, plagioclase (Plg), opaques, opaques (ilmanite, Ti-magnatit2 and rare chromite) & minor

chlorite and glass of picro-basalt. (6.3x10 magnification) plasioclasa.

) ) Yo o O o

Fig-8. BSE imaga of analcite (A) oczllus with calcite (C)
inclusion surrounded by pvroxens (P), opaquas (O) and
sz occasional olivine (Ol) microcrysts, fine fibrous groundmass
Fig-7. Diopside xanoctysts with pastly prasarvad sactorial zoning (G) of diopsida, analcite, K-faldspar, clay minerals, chlorite
satin a Cpx, analcits and opaqus richdark sroundmass in alkali and dark glassy sroundmass (towards the sight side of
basalt. photograph) in porphyritic tholsiitic basalt of Nongrvngkoh.
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Il. Geochemistry
Methodology:

The Major oxides and trace-element (Ba, Ga, Sc, V, Th, Pb, Ni, Co, Rb, Sr, Y, Zr, Nb, Cr, Cu and Zn)
bulk analysis of the representative samples were analyzed by a fully automated X-ray fluorescence (XRF),
PANalytical model MagiX-2424 using end window X-ray tube at the Chemical Division, Geological Survey of
India, North Eastern Region, Shillong. The remaining samples were analyzed by Atomic Absorbtion
Spectrometry (AAS) method in the Chemical Division; Geological Survey of India, North Eastern Region,
Shillong. The REE were analyzed by Inductively Coupled Plasma Emission Mass Spectrometer (ICP-MS) in the
Chemical Laboratory; Geological Survey of India, Central Headquarter, Kolkata. The details of techniques,
procedure, precision and accuracy of these analyses are described in SOP (http://www.portal.gsi.gov.in/, GSI,
2010). Field relations, major-minor oxides, trace and RE element behaviours suggest the basaltic dykes/dykelets
of the area can be sub-divided into three batches.

Fig-9. Calcite ocellus with pseudo-uniaxial cross partially

bayed by Cpx & nepheline (N) i nephelmite. F— — VY 1 1] % :
:?;o;ydm' t::emll);inotrllsap matgial(:')ig lelegro-;narmet formed  Fig-10. Calctte ocellus with mclusion of a smaller pyrite
around Ci)x and. opaques mainly Ti-magnetite. ocellus (S) m non-porphyritic andesitic basalt of Umngot
(magnification 10 x 10). ’ River Section.

Major oxide geochemistry: Collectively, the basic and alkaline dykes are silica-undersaturated. In the
TAS binary plot of Le Bas, et al, (1986), the porphyritic samples are alkaline to sub-alkaline (tholeiitic), while
the non-porphyritic dykes are mostly tholeiitic, as illustrated by the Irvine & Baragar, (1971) division line (Fig-
11). They classify as tholeiitic and alkali basalt with the occasional spill-over into the picro-basalt, tephrite
basanite and trachybasalt fields. Two of the non porphyritic samples feature in the basaltic andesite domain
(Fig-11). Most samples are sodic with Na,O/K,O ratio of >1 (Table — I & II); primarily controlled by the
groundmass analcite in the basaltic samples and nepheline in nephelinite. However, three samples (one sample
of picro-basalt, tephrite basanite and basaltic andesite) are potassic with Na,O/K,O ratio of < 1, contributed by
groundmass K-feldspar and clayey minerals. High MgO wt%, Mg#, Ni, Cr, and strong normative olivine and
pyroxene of picro-basalt, high Mg-tholeiite and few alkali olivine basalt samples are in part largely attributed by
the cumulitic or, phenocrystic (macrocrystic) and xenocrystic phases. The picritic and tholeiitic samples are
typically hypersthene normative (Table - | & Il). Overall, the porphyritic alkali olivine basalt samples register
lower MgO wt%, CaO wt%, Ni and Cr contents but higher Al,O; wt% compared to picro-basalt and high Mg-
tholeiitic basalts but have similar contents to the more evolved tholeiites, advocating probable different magma
source (Winter, 2001, p-275-276). One calc-alkaline basaltic andesite sample of Jarain is potassic (Na,0/K,0 =
0.42). The samples has wide ranging Fe,O3(T) and TiO, wt %, that slightly increase from picro-basalt to
tholeiitic basalt to tephrite basanite to alkali olivine basalt to basaltic andesite. The nephelinite sample with
highest normative nepheline (Ne=20.95); has moderate diopside, low olivine and low leucite in the norm (Table-
I1) with low Cr and Ni contents too. Well-defined coherent negative trend display by SiO, vs. Mg# and positive
plot of CaO vs. Mg# (Fig-12) of the samples suggest normal magmatic differentiation trends.

Trace and REE geochemistry: Chondrite normalised REE diagrams (after Nakamura, 1974) display
three different profiles of similar mild fractionation trends invoking three pulsated dyke activities in NPJA, for
the purpose of convenience these are categorise as B-1, B-2 & B3; with B-1. B-1 register a weak Sm positive
anomaly (Fig-13) while B-2 records a smoother pattern (Fig-13.1) without any Eu anomaly implying
suppression of plagioclase; while a prominent Eu negative anomaly indicate plagioclase fractionation for B-3
(Fig-13.2). A single sample of high Mg-tholeiite dyke [AJ-6A (m)] exhibits lower LREE and higher HREE
distribution with a flat profile when compared to other B-1 samples suggesting its mantle origin that is also
supported by its high MgO, Mg#, Ni and Cr contents. The REE profiles of all samples are comparable to those
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of Mawsynram-Balat and Rajmahal-1l basalts (Fig-13.3). Enriched LREE with respect to depleted HREE
typifies normal fractionation, comparable to alkali basalts and alkaline rocks (Sun, & McDonough, 1989; Culler
& Graf, 1984; Kontak, et al, 2001). The minimum and maximum LREE enrichment (La/Yb)cy ranges in the
three groups are 5.06 in picro-basalt and 15.15 in alkali olivine basalt of B-1; 11.73 in picro-basalt and 14.83 in
alkali olivine basalt of B-2 and 11.25 in a picro-basalt and 15.64 in basaltic andesite of B-3 respectively, with
nephelinite of B-2 showing a maximum ratio of (La/Yb)cy =16.8 consistent with alkaline basalts (Culler & Graf,
1984; Sun & McDonough, 1989). The rock chondrite normalised trace elemental spider diagram (Sun, 1980) for
NPJA dykes compare well to the average typical alkali OIB (Fig-14) but are more enriched in Rb, Ba and Th as
expected of these continental alkaline basalts (Fig-14) suggesting some crustal contributions (De Paolo, 1981).
The samples are mildly enriched in LILE (e.g., Sr, K), HFSE (e.g., Nb & Zr) and LREE (e.g., La, Ce & Sm);
slightly impoverished in HFSE (e.g., Ti & Y) and strongly depleted in HREE. The the Nb/Y vs. Zr/TiO, binary
plot suggest (Winchester & Floyd, 1977) an alkali basalt source [Fig-14.1] for the samples.
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Tectonic setting and Petrogenesis: Intersection of two major linear structures (present work)
involving the E-W striking Raibah Fault (Nandy, 2001) and the N-S, Umngot Fault (Srivastava, et al, 2004)
(Fig-1 & 2), west of Jarain, rendered the Nongryngkoh-Padu-Jarain (NPJA) study area susceptible to episodic
picritic, tholeiitic to alkaline basaltic dyke activities during the Early Cretaceous Sylhet Trap volcanism that
took place in an extensional phase caused by upwelling of the Kerguelen Plume (Nambiar, 2007). The first pulse
probably commenced with intrusion of high Mg-tholeiitic to tholeiitic and trachy-basalt followed by alkaline
basalt dykes; the second episode initiated with tholeiitic basalt, basalt andesite, alkaline basalt and nephelinite
while the third cycle comprise alkaline-picro-basalt followed by tholeiitic basalt, basaltic andesite and alkaline
basalt. These cycles of tholeiite and alkaline activities are consistent with generation of OIBs, more specifically,
alkaline island and continental OIBs (Winter, 2001, p-275-276). The alkaline basalt constituting mainly tephrite
basanite, alkali olivine basalt and nephelinite are correctable with the middle Sylhet Trap alkaline alkali olivine
basalt flow (Talukdar, 1971). The episodic and simultaneous activities are evidenced by parallel orientation of
porphyritic alkali olivine basalt alongside non-porphyritic tholeiitic basalt in the Umngot River, NNW of
Mawlong; or, a basaltic andesite dykelet paralleling an older tholeiitic basalt dyke, west of Jarain of the same
river (Fig-2). In each case the dykes are separated by a gap of < 1m. Abundant reaction/resorbtion/corroded
textures in the xenocrysts/macrocrysts testify to an interaction of early formed olivine (Fig-6) and diopside (Fig-
7) with later melts, in both picritic-tholeiitic and alkaline dykes. Coexistence of analcite ocelli with encased
calcite grains and occasional analcite phenocrysts in tephrite basanite, alkali olivine basalt and to a less extent in
porphyritic tholeiite basalt (Fig-8) advocate immiscibility involving picritic-tholeiitic-basalt; alkaline and minor
carbonate melts at some stage during evolution of the dykes; which again provided clues for different sources
for the alkaline and tholeiite dykes. Similarly, calcite ocelli in nephelinite strongly implied immiscibility of
alkaline and minor carbonate melts (Fig-9). The nephelinite dykes with abundant anhedral to spongy nepheline
with poikilitically enclosed pyroxenes and other opaques indicate late phase alkaline activity during the second
cycle activity of B2 that is familiar to the late phase nepheline syenite activity documented from Mawpyut
ultramafic complex (Moitra, et al, 2011). Similar periodic alkaline activities are documented from the three
shields of Hawaii Mauna Kea, Hualalai and Kohala) where caldera collapse in the waning stage activity had
produced more episodic, violent and alkaline lavas (Winter, 2001). These lavas are more diverse, with shallow
fractionation producing rocks ranging from alkaline rocks to trachyte that are prevalent in NPJA. This stage may
be followed by a long period of dormancy (0.5 to 2.5 Ma) a late, post-erosional stage takes place that is
characterised by silica undersaturated highly alkaline magmas including alkali basalts, basanites, nephelinites,
and nepheline melilites of which with exception of nepheline melilites all are found NPJA. The sequential
effusion of tholeiite later making way to an alkaline trend is in agreement to volcanic islands on mature oceanic
crust setting and plume related models (Winter, 2001 p. 275-276, Fig-15.2). The transition from tholeiites to
alkaline magmas is created by a high degree of partial melting of a shallow source followed by less extensive
partial melting of a deeper source as activity waned which is in tune with experimental data (Winter, 2001; pg.
275- 276 & references therein). Talukdar (1971), described alkali basalt layers sandwiched between the lower
and upper tholeiitic basalt flows that once again is in accordance to those described from Hawaii Island (Winter,
2001). Groundmass, ocelli and occasional phenocrystic analcite to a less extent albite are the main mineral
phase contributing to the sodic nature of samples along to the moderate to high normative nepheline in tephrite
basanite and alkali olivine basalt; while groundmass K-feldspar is responsible for the elevated K,O contents of
some of the potassic samples. Abundance of analcite ocelli and occasional crystalline phase suggest possible
magmatic origin transitional between primary magmatic (P type) and hydrothermal (H type) analcimes
(Demeny, et al, 1997). Melluso, et al, (2010) indicated parageneses formed by batches of primitive magmas with
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a distinct magmatic affinity (olivine melilitites and olivine nephelinites, basanites, and possibly also
carbonatites) which evolved independently to generate the observed spectrum of intrusive rocks of Sung Valley,
located ~ 23 km north of NPJA. This observation seems to be applicable to the intrusions of picro-basalt, high
Mg-tholeiite, tholeiite and alkaline dykes of NPJA with the exception of carbonatite; however minor carbonate
ocelli occur in almost all samples. The cyclic evolution of picro-basalt into high Mg-tholeiitic basalt, tholeiitic
basalt and basaltic andesite may have taken place through differentiated processes. While tephrite basanite;
alkali olivine basalt and nephelinite with phenocrysts of olivine and diopside clearly demonstrate simultaneous
evolution but, derived from a separate alkaline enriched mantle source comparable to Sung alkaline rocks also
derived from an enriched mantle source through small scale partial melting caused by the Kerguelen Plume
activity (Winter, 2001; Srivastava, 2004 & 2005; Melluso, et al, 2010). Alkaline OIB (Fig-13) are usually
associated with: i) continental rift setting basalts caused by mantle plume activity; ii) the asthenosphere, iii) the
lithospheric mantle and iv) the continental crust (Sun, & McDonough, 1989) which are keys to studying the
petrogenesis. Relatively high Zr/Y ratios of the samples reflect higher incompatibility of Zr compared to Y in
the mantle phases (Pearce & Norry, 1979; Nicholson & Latin (1992). Therefore, the NPJA dykes could have
been generated by varying degrees of melting. The high Zr/Y (4.03- 11.4) ratios too, plausibly illustrate their
derivation from: a) an enriched mantle source or, b) possible contribution of a mantle plume [OIB, Zr/Y = 9.66,
E-MORB = 3.32; (Sun, & McDonough, 1989)] or, c) or, derivation from a mantle metasomatized zone: out of
which the second option is more tenable due to involvement of the Kerguelen Plume (Ray & Pande, 2001;
Srivastava, et al, 2004; Nambiar, 2007). Furthermore, the Zr/Nb ratio in volcanic rocks may reflect crustal
contamination or, variation in degree of partial melting (Wilson, et al, 1995; Kamber & Collerson, 2000; Hagos,
et al, 2010) which is only slightly elevated (4.32 to 12.83) in the NPJA samples, suggesting a relatively low
degree of partial melting or, crustal involvement. Nb/La vs. La/Yb plot (Fig-15.1) however, inferred crustal
involvement for the more evolved samples but overall most are generated through the lithospheric-
asthenospheric mantle interaction (Fitton, et al, 1991 & Karsli, et al, 2014). At given Zr contents most of the
samples have higher Nb, Th contents and Nb/Y ratio (Table-1 & I1); where Nb, considered to be more sensitive
to variations in degrees of partial melting than Zr can be used to constrain the influence of variable degrees of
melting (Kamber & Collerson, 2000). The Y/Nb ratio is another useful tool for determination of source
generation, for which, some of the NPJA dykes may have been involved with a depleted mantle source while
others are representative of more enriched source. The resulting picture is that the alkaline samples (tephrite
basanite, alkali olivine basalt & nephelinite) possess the lowest Y/Nb values (Y/Nb = 0.42-0.72) among the
investigated samples, while the wide variability in the tholeiitic dykes characterize relatively high to very high
values of Y/Nb ratios (0.75 - 1.2) favouring contribution from enriched mantle sources in both cases.
Furthermore, low Nb/La ratios (<1.0) in volcanic rocks are a reliable trace element index of crustal
contamination (Kieffer, et al, 2006) corroborating to the low Nb/La ratio of NPJA dykes with the exception of
the nephelinite with Nb/La=1.02 which is least contaminated. Similarly, La/Nb ratio can yet be another useful
index of crustal contamination in magmas (Zhang, et al, 2002). However, contamination may also have been
caused by mantle source heterogeneity (Zhang, et al, 2002). In general modest to high Nb values but strongly
enriched Th of the samples infer crustal contamination through assimilation and fractional crystallization (AFC)
[De Paolo, 1981] and/or, MASH (melting, assimilation, storage and homogenization) [Thompson, et al., 1984;
Aldanmaz, et al, 2000]. Mild enrichment of incompatible elements and REE in B-2 and B-3 batches reflects
only moderately differentiated and contaminated source as compared to B-1 samples which are less evolved.
Compatible trace elements such as Ni and Cr (Fig-12) reveals positive correlation with Mg# reflecting the role
of olivine in controlling their distribution as expected for fractionation and crystallization of mafic minerals e.g.,
olivine, clinopyroxene and spinel. However, variability may be attributed to the varying phenocrysts matrix
ratios rather than the composition of the parental magmas (Cox, 1980). Nevertheless, high Mg# usually means
that magmas are yet to undergo fractional crystallization en route to the surface (De Paolo, 1981; Cox, 1980;
Prestvik & Goles, 1985) and fractionation has a tendency to increase the incompatible element concentrations in
basaltic magmas relative to those of the more MgO rich primary magmas (Zhang, et al, 2002). These
observations are consistent with the high MgO, Mg#, Ni and Cr contents of the cumulitic to porphyritic textured
picro-basalt, high Mg-tholeiite basalt and some tephrite basanite and alkali olivine basalt samples, probably
derived from a primitive magmatic source (Table.-1 & Il) as compared to the more evolved tholeiitic basalt and
basaltic andesite samples with lower MgO, Mg# and compatible element contents. The alkali olivine basalt are
derived from a different deeper source through small scale partial melting of the and enriched mantle (Winter,
2001) which is evident from the Ba/Nb vs. La/Nb diagram [Fig-15] (Sun & McDonough, 1989; Kontak, et al,
2001). A negative Mg# vs. SiO,, Mg# vs. Zr plots and positive Mg# vs. CaO plot (Fig-12), invoke normal
magmatic differentiation while the Nb/Y vs. Zr/TiO, binary plot illustrates [Fig-14.1] a consistent alkali basalt
origin (Winchester & Floyd, 1977).

Modest to abundant REE increases from picro-basalt, tholeiite to calc-alkaline samples invoking a
stronger REE fractionation with increasing alkalinity. Absence of Eu anomalies suggested no involvement of
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plagioclase in B-1 and B-2 while plagioclase fractionation characterized B-3. Similar REE profiles of primitive
samples (picro-basalt and tephrite basanite) and evolved samples (tholeiitic basalt, basaltic andesite and alkali
olivine basalt respectively) strongly suggest respective assimilation and fractional crystallization (AFC) and/or
melting, assimilation, storage and homogenization (MASH) [De Paolo, 1981; Aldanmaz, et al, 2000] during the
different episodic tholeiite and alkaline basaltic dyke activities in NPJA possibly corresponding to the different
tholeiitic and alkali basalt volcanic effusion of Early Cretaceous Sylhet Trap (Talukdar, 1967 & 1971). Notable
enrichment, in increasing order of REE from picritic to tholeiitic to alkaline dykes reflected the different dept of
partial melting of these samples or, different rate of crystallisation and differentiation; with picro-basalt and
alkaline samples tapped from a deeper mantle source for each batch. Higher REE contents in tephrite basanite,
alkali olivine basalt denotes derivation from enriched mantle source corroborate by the Ba/Nb vs. La/Nb plot
(Sun, & McDonough, 1989; Kontak, et al, 2001). While in basaltic andesite higher contents may have been
caused by differentiation process. The nephelinite (NP) sample without Eu-anomaly affiliates with the B-2
batch. High Th/La ratio (0.5 to 1.2), a sensitive indicator of crustal interaction (Pearce, 1983; Taylor, &
McLennan, 1985; Thompson, & Morrison, 1988; Sun, & McDonough, 1989) supports significant crustal
contamination. The similarity of REE pattern of NPJA samples with those of Sylhet Trap Basalts of
Mawsynram-Balat section (Ghatak & Basu, 2011) inferred to a common source [Fig-13.3]. High (Gd/Yb)cn
ratios are indicative of garnet fractionation during formation (>60 km) because the HREE are partially coherent
in the garnet phase (Hirschmann, & Stolper, 1996). The NPJA basalt dykes with (Gd/Yb)cn > 2 could therefore
be linked to mantle sources that melted at depths of the garnet facies suggesting presence of garnet as a residual
phase in the source with only one picro-basalt sample exhibiting (Gd/Yb)cy < 2 of spinel facies (Safonova, et al,
2011) [Fig-15.2 & 15.3]. This result is constant with considerable depleted HREE as compared to LREE
(La/Yb)cn. Interestingly, the [Th/Yb]cy values of NPJA dykes vary between 1.29 and 2.38 corroborating to the
alkaline basalts of Hawaii [(Th/Yb)cy = 1.89-2.45] thought to be derived from a garnet bearing source due to
hot spot activity (Sun & McDonough, 1989) as supported by the (Dy/Yb)N vs. (Ce/Yb)N diagram where
samples clustered on the plume tie-line (Fig-15.2; Haase & Devey, 1996). High Dy/Yb ratios of 1.54 to 2.55 of
the samples with respect to that of chondrite (Dy/Yb = 1.49; Sun, & McDonough, 1989) suggested a garnet-
bearing Iherzolite source for the derivation of these basalts as evidenced by the Th/Yb vs. Ce/Yb plot (Fig-15.2)
and (Dy/Yb)N vs. (Ce/Yb)N diagram (Fig-15.3). These observations correspond with the garnet peridotite
sourced basalts of Mawsynram-Balat and Cherrapunjee-Shella sections of Khasi Hills (Ghatak & Basu, 2011),
with the latter located ~ 25 km, WSW of NPJA (Fig-1) that were comparable to the Rajmahal-1l type basalts
(Ghatak & Basu, 2011).

The NPJA samples affiliates to an alkaline-OIB type (Fig-14 & 14.1) with Ba/Nb vs. La/Nb plot (Fig-
15), signifying derivation from an EM type source (Sun & McDonough, 1989; Kontak, et al, 2001). Compatible
trace elements such as Ni and Cr with high Mg# of picro-basalt, high Mg-tholeiitic basalt and the alkali olivine
basalt samples favour a primitive magmatic source, while enriched Ba, Rb, Th and La of the more evolved
samples invoke crustal involvement. The OIB nature of samples is expected, given that ensuing rifts commonly
form above thermal anomalies or, mantle plumes, (Kontak, et al, 2001; White & McKenzie, 1989) are often
accompanied by large amounts of magmatic activity (Ernst, et al, 1995) that in turn provide transport
mechanism for ascent of OIB-type melts into continental regions (Kontak, et al, 2001). Mafic dykes, interpreted
to have been formed from mixing of tholeiitic, OIB and alkaline high- to low-Ti alkaline magmas are reported
from mid-Cretaceous (ca.107 Ma) dykes of northernmost Greenland associated with rifting of Antarctica and
New Zealand (Kontak, et al, 2001) that in part resembles the NPJA network of dykes.

I11. Discussions and Conclusions

The NPJA dykes intruding the Precambrians are of picritic to tholeiitic to alkaline and occasionally
calc-alkaline in compositions. These are hypabyssal intrusives representative of the Early Cretaceous Sylhet
Trap volcanism located ~ 25 km, WSW of the study area, caused by the Kerguelen Plume (Gupta & Sen, 1988;
Storey, et al, 1992; Ray & Pande, 2001; Srivastava, et al, 2004; Nambiar, 2007). Intrusions took place during an
extensional phase near to an intersection zone of the Raibah and Umngot Faults (Fig-1 & 2). Corroded
xenocrystic grains and early formed macrocrysts of olivine and diopside indicate interaction between early
formed materials with later melts (Fig-6 & 7). Cumulitic to highly porphyritic nature of picritic basalt (Fig-4)
and alkali basalt and basanite dykes favours sudden and probably violent ascent from the mantle to the surface.
Common occurrences of analcite ocelli with calcite inclusions in the alkali basalts (tephrite basanite,
nephelinite), occasionally in tholeiitic basalts (tholeiitic basalt) and notable presence of calcite ocelli in other
samples invoke immiscibility involving different sourced basic and alkaline magma with minor carbonate rich
melts at some point of time during evolution of these dykes. A sulphide phase is associated with the more
evolved andesitic basalt as evident by presence of pyrite ocelli inclusion within carbonate ocelli (Fig-10). Trace
elements reveal both mantle and crustal signatures, consistent with AFC and MASH models [De Paolo, 1981;
Aldanmaz, et al, 2000] while, REE studies inferred three pulses of dyke activities probably corresponding to the
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different levels of basalt flows of Sylhet Traps with one high Mg-tholeiitic dyke showing a relative flat HREE
enrichment and LREE depletion compared to other samples, indicative of its mantle origin. Collectively, the
dykes have REE patterns compatible to the Mawsynram-Balat and Rajmahal-Il basalts, both linked to the
Kerguelen Plume activity (Takahahshi, et al, 1998; Ghatak & Basu, 2011, 2013) [Fig-16] as supported by the
(Dy/YD)N vs. (Ce/Yb)N diagram (Fig-15.2). Ba/Nb vs. La/Nb plot (Fig-15) suggested an EM type source; with
(Gd/Yb)cy ratios > 2 linked to mantle sources that melted at depths of the garnet facies (>60 km); while the
[Tb/Yb]cy ratios are in tune with the alkaline basalts of Hawaii also derived from a garnet bearing source due to
hot spot activity (Fig-15, 15.2 & 15.3). These preliminary conclusions are however to be further confirmed with
more futuristic detailed field work, petrography, geochemistry and more importantly isotope studies of these
newly reported network/swarm of dykes and dykelets.
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alkaline dykes ofthe NPJA. Contamination ofmelts from carbonated eclogites areneeded to account for the
vanable Md. Sr, and Pp isotopes of the rest of the alkalic rocks with the lower degree melts in the Eerguelen
plume. Diagram modified from Takahahshi et al. (1992) & Ghatak and Basu, (2013).
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Table-1: Whole rock analyses of B1 basaltic dykes
SN, Bl Bl7 Bl Bl4 Bl Bl Bl B13 B19 BI10
Sample Al6A (m) | UMT-IB | ML NHJA | PND(L) | UMT3A | NHJIF | ALIG | UMISB | ML-2A
Field deseription | Cumulitic | Pop. Porp. Porp. Porp. Porp. Porp. Porp. Pop. Porp.
o Pomp. | Basalt Basalt Basalt Basalt Basalt Basalt Basil Basalt Basalt
Bazalt
Le Bas, (1980) T8 T8 iz T8 iz TRE T8 TBN AR AB
Dela Roche, (1980) | TB PB PB B§ BS BEN AB PB AB PB
Jensen, (1976) KM KM KM KMBS | EMBS HMIB | KM KM KMBS | HMIB
5i0:% 460 29 4114 4] 4797 4656 443 4126 24 4316
AbD: % 15 433 126 11 1408 1302 11.14 113 9 112
Fe,0; (T)% CEL] 037 118 14 04 032 1072 14 1026 10.14
NPO % 0.13 0.14 0.14 0.3 0.18 032 0.14 0.13 0.17 0.13
Mg0 % 16.13 1981 1213 119 03 6.1 208 031 104 1129
Ca0 % 1031 1111 1002 03 214 10.04 1047 1248 1137 1164
Na,0 % 078 091 03 147 16 23 il 1% M 206
K0% 043 03 039 L3l 12 L4 1.3 L4 163 L34
Tily % 14 036 097 14 096 L6 136 L7 146 ]
P.0: % 013 02 0.19 0.3 0.34 0.39 048 03 036 049
LOL% 112 111 139 39 200 .12 43 476 6.98 43
N0 L7 L2 141 L1 10 L3 183 L7j 115 L4
Mgt 6708 69.70 8413 ik 5142 448 4148 434 3344 3330
Norm
] R 0 0 0 0 32 0 0 0 0
Or 19 126 137 13 143 041 1.79 10.7 i1
Ab 13 149 118 1314 14 112 16.31 113 134 139
An 114 13 119 2158 un amn 1026 W06 117 1963
Ne 0 0 0 0 0 0 19 16l 29 14
Diwo 1826 7 1184 1183 103 1213 11 1808 077 16.56
Dien 1374 1571 131 1021 1] 04 13.26 1339 1751 JEE
Hyen 11 097 1953 638 1if 18 0 0 0 0
Olfo 0 1313 JERE} 113 0.1 0 §.33 §.73 il 1.07
Mt 047 03 03l 03 062 114 049 033 062 033
He 202 1021 129 1313 946 033 1113 124 1009 1034
Ap 0.36 043 048 00 0.8 0.93 112 L1 047 L13
Totak 03.43 09.03 03.92 0343 03.99 083 9333 0300 03.38 9333

PB - picrite basalt, TB - tholeiitic basalt, AB - alkali olivine basalt, TBN - tephrite basanite, TRB-

trachy-basalts, KM — Komatiite, KMBS - komatiitic basalt & HMTB — high magnesian tholeiite basalt, AB —
andesi-basalt. Comparative classification by De Roche, et al, (1980) and Jensen, (1976), provided in 4" & 5"
row respectively. Sample locations: B/1 — Umsiang R. (Padu), B/2 & 8 — north of Ummatong, B/3, 7 & 9 -
NNW of Mawlong; B/4 & 5 - Nongryngkoh
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Table-11: Whole rock analyses of porphyritic basaltic dykes, tephrite basanite and basalt dykes of B2 and B3.

S Ho. EIT BIZ B3 BI4 BI BIF B3 B3Z B33 Bi4 BI% B1%
Samplz NH-IE | UMI- | NH- UMTI-3 | NH- UT-5 | Mb-2 ML-IA | Al- ML- ML- 8J-3
4B 4A(L) AC [i] 1D1 JA(L) | JA(B)
Fiald Forp. Forp. Forp. Forp. Basic | Mon- | Forp. Forp. Forp. Forp. Hon- Andesific
description | Basaltic | Basalfic | Basalte | Basalfe | dvke Porp. | Basaltic | Basaltc | Basaltc | Basalte | Porp. basalt
dvke dvks dvks dvks Basalt | dvks dvks dvks dvks Basalt
LzEa: 1B TE AR AR TEN EA ATE TEN TEH AR TE EA
DelaFoche | TE AR FB ES HNF A FB AR FB BES BES LE
Tenzen {1986) | ERIES | ERIES | ERIES | HAMTE | HAMIE | BS ERT ERTES | EMES | ERIES | EMES | HFIE
50, % 4437 4451 27T 4I43 [ 4088 | 513 [40EI 13T 141158 T43F 4510 EEXI)
ALD; % T4 8.7 516 I JIZ33 TIdT3] 739 10.51 533 11 JE S IT.87
Fe0: (T)% | 1141 1253 1028 IT.Ie [ IT.IZ | TO33 [ 1067 TZT7 | 1084 1042 LX 5.5
NPO % 0.4 0.1 013 0.14 0I7 0I5 1013 0.18 0.14 0.1 013 0.18
M=0 % 1538 1184 893 BT R3] 16T 1584 1IE 174 L] 357 157
Cal % 832 T.88 13599 1005 [II8Z | 686 [ IOIS 113 1133 1038 T0.03 T
Na,0 % 113 0.93 111 134 418 I3T 1052 1.57 143 153 27 107
K0 % 078 0.93 0.EI IEI .09 I39 1151 12 I3 133 18 1533
Ti0, % 1.5 133 13 1.68 1.57 IIT 1153 148 133 183 173 178
P.0: % 03 037 033 0.33 0.69 03I 1017 HES] 0.37 033 0.3 04
L.O.L % 6.4 8.3 178 42 434 144 1332 318 3101 6059 II% JERA!
Na,0/K:0 1.60 1.00 180 .29 .04 121 1034 1.58 0.62 117 165 04z
Mez 39593 3079 [ 4911 d66] [ 4383 [ 331316718 IR OTIFTR T8 /0y [ 1930
Norm
0 ] 731 ] ] ] T4 170 ] ] ] 1% 338
Or 5.03 6.1l 333 1167 | 109 11791957 T.63 JEX:E! 568 LR I5.17
Ab 1153 58T 1I48 7o |0 HEL R ERE 833 0El ITIT [ 2383 0%
An 1343 151 45T TI08T |9 PEREN R 1801 JERE! 1357 13T TI143
Le ] 0 ] a 1.58 a ] ] ] ] ] ]
Ne ] ] 144 141 NIy 10 13 171 661 102 ] ]
Di wo 1ZE% 558 I3 14 136 [I0T7I 133 1651 77T 1928 a7 JLRE! R
Di en 1108 T.38 I1.78 I0E3 [T7Re [ 30T 143 1327 | 1882 1472 LRE! 601
Hy en 302 2477 ] ] ] FRENE ] ] 0 321 171
Ol fo 043 ] I14 215 13I8 a 6.7 IEESEN R 131 ] ]
Mt 0.58 038 hEN 0.3 0.8 el 048 0.58 045 0.3 04z 0.63
He 1158 1344 111 ITEI [I133 | Iode [ II.I2 T3 1133 1058 LN IT.03
Ap 0.7l 059 0E 1.Z6 1.62 074 104 ] 057 078 068 I.18
Totals LR LS| 9833 SR IT [ 9E3I [ 9T TR [ 9THI AT AT AT 9821 LIRS 9668

APB - alkaline picro-basalt, TB - tholeiitic basalt, PB- picro-basalt, AB - alkali basalt, TBN - tephrite
basanite, TRB-trachy-basalts, BA - basaltic andesite, NP-nephelinite, KM - komatiite, KMBS - komatiitic
basalt, HMTB - high magnesian tholeiite basalt, HFTB - high Fe tholeiite basalt, BS — basalt, AB - andesi-
basalt, LB - Lati-basalt, A - andesite. Comparative classification by De la Roche, et al, (1980) & Jensen, (1976),
provided in 4™ & 5" row respectively. Sample locations: B2/2, B2/5, & B2/ 6 - north of Ummatong; B3/1 to
B3/5 — North of Mawlong; B2/1, B2/3 & B2/4 — Nongryngkoh; B3/6 — Umngot R. west of Jarain
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Table-111: Trace and REE in basaltic dyke rocks of NPJA

SINe, |EUT [BLZ|BI3 [EIA[ELZ JELR [BIT [BIR [BLA [ BUIO]EBIT [BIT [BIF [BI4 [BIY | BIR [ BT B3I [ B33 | B34 [ BIR B3R
Ba 03 [18S [0 |30 [ Al [4le |30 [413 |33 | 359 |30 |40y |20 [416 [0 | 717 [II7 [ 339 [ 337 | 333 | 366 | §43
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Se 473 3 ¥[8 3 O[3 [37 14 I8 74 74 T3 |37 730 728 |20 |23 138 30 (30 |18
v R R RN R N R R N R L N R YR
Th oo n HEEEEEEEEE NN EEE

] V! SR U] T 17 11 11 § W1 1T (<2 [0 7T 77 713
Ni o4 TR [0 [ 4 [T (180 [I97 TT73 [72e6 [ 460 [ 743 [320 284 [Te0 [90 [ 84 [O075 [460 [448 233 [ IS [77
Co B0[9T TIO0 |73 o4 [y [eI 63 [ |71 [7 |77 [68 [6 [el [I6 [% |71 [&d [6I [3F [3
Eh 3 Ly 10 77 14 14 17 (3 30 730 3% |77 73 JHI 73 73 33 [47 [68 [
Sr H0[I00 {393 |0 |40 [ RS [l [ w9 [ele |20 |44 |3l [elf [ 803 [ I1eY | ey | 4% |20 [ 474 |68/ [ 70D |35
Y Ie [T 1§ PE 1R I I Y 0 Z N I R I T I O I A ST I I O I R I L IS T IS T
Ir D86 [T09 [Ted [UIT [ 247 T235 TI03 [178 [Ied (168 |33 17 (247 [I30 [ 372 [90 [1Ied [I48 [I93 [IIT |36
Nb ] i W1y 74 35 13 |23 [ (3 30 |28 148 &0 (28 |03 (% (I3 |8 |38 T4
Cr I IL 34 [ 748 T4 [ 7D [ 304 (100 400 380 [ 90 |93 [ 449 [ 200 [ed |33 [ISI3| 90 |90 [ 350 | 430 [0
Cu 167 [H U {TE [Iee {125 (T80 TT70 [T TI0F T68 [TV [Tee TI30 [3T 707 [I72 TI31 T169 [ 188 |13
In ob {78 THD % [0 [0 TIE [I08 [9% |9 ([I07 [IIF [I06 113 [139 [Me |73 [% [I0T [II3 JII TIII
Y SRL | 7RI Te08 JRRT [A03JRIN [ERT [IOE| 733 [810 [888 JIOB|ETS (93 TIOR8 33 (820 [RII [T7I [ 908 11
Ieb [ 880 [ 23 |77 [ 08 [ 20| 237 [ 930 [0 | T4 [ 280 [ 704 | VAL [ 03 [ 37 [ 45D | LIRS | 08D | 280 [ 251 |68y | LAY |81
Y& [LO0JO73 JLI0 [LO0 [ 600 [ 038 [LOF JO8T 0% (07T {079 [0A [0 [03% [0 I I3 [O7T (072 (089 [ 086 1078
oY [LO0[I38 [O83 [LO0[OIT [I70 (053 JIed [T04 (140 (138 [I3 (130 [L70 240 [07e JORT [T40 [T JIIZ ] LIg 131
YNy [ TO0[O73 [TI0 [TO00 800 [03% [T0F [O&T J0% [OTT [07 [0 TO77 7038 04T [T [I23 [O7T TO7I [ 088 [ 086 [ 078
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Nd Dol AR [ITIUS| RO AT G| D] BT TR {400 T E 413 - R | B0 | T 8| 3048
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Sample nos. same as in Table-1 & 11
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