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The Nidar ophiolite complex is one of the well-
preserved ophiolite sequences of the Indus Tsangpo
Suture Zone (ITSZ) towards the southeastern part of
Ladakh Himalaya, India. This study presents petro-
graphy and clinopyroxene mineral chemistry of gab-
broic rocks from the Nidar ophiolite. These gabbros
are massive, essentially composed of plagioclase and
clinopyroxene with minor amounts of olivine, ortho-
pyroxene, hornblende and magnetite. The clinopyrox-
enes are very low in TiO, (0.05-0.77 wt%) and Na,O
(0.12-0.85 wt%) but rich in SiO, (52-55 wt%). It is
observed that there is a wide variation of CaO (12.26—
23.88 wt%) and in the Wo-En-Fs ternary diagram,
clinopyroxene shows augitic to diopside compositional
variation. These low-titanium clinopyroxenes are in-
ferred to be tholeiitic in nature with an island-arc bo-
ninitic affinities.

Keywords: Gabbro, island-arc tholeiite, Ladakh Hima-
laya, low-Ti clinopyroxene, Nidar ophiolite.

THE compositional variation of clinopyroxene depends on
the magma types related to the tectonic setting of the
ophiolite sequences'. The high-titanium clinopyroxenes
are associated with the mid-ocean ridge and back-arc/
marginal sea magmatism. The low-titanium (Ti) clinopy-
roxenes are associated with the island arc and boninite
magmatism above the subduction zone. The aluminium
(Al) and Ti concentration in clinopyroxenes generally
increases from tholeiitic to per-alkaline magma series,
and the activity of silica controls such elemental distribu-
tion during the crystallization of magma®*. Clinopyro-
xenes crystallized from iron (Fe)-depleted magma will
have higher Ti content®. Earlier studies have shown that
the clinopyroxene mineral chemistry can be used as an
alternative tool for interpreting magmatic affinities and
palaeo-geodynamic setting of ophiolites'*°.

The magmatic signatures of clinopyroxenes usually
remain unaltered even in metasomatized rocks'*'”. Such
behaviour of clinopyroxenes allows us to characterize the
magmatic affinities in different tectonic settings based on
statistical studies of mineral chemistry along with differ-
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ent discrimination plots"'®. Though extensive geochemi-
cal data are available on gabbros and associated rocks of
the Nidar ophiolite'*’, less emphasis was given on min-
eral chemistry to understand the genesis and tectonic set-
ting of the host mafic rocks. Clinopyroxene is a common
mineral found in mafic rocks, and preserves vital infor-
mation about the parental magma and mantle source
compositions®' . Therefore, the main objective of the
present study was to decipher the petrogenesis of gabbros
and interpret the geodynamic setting of Nidar ophiolite
based on the mineral chemistry of clinopyroxenes. Fur-
ther, we compared our results with the available data of
other Neo-Tethyan ophiolites.

The Nidar ophiolite is sandwiched between Tso Morari
crystalline complex towards the south and Indus Forma-
tion towards the north (Figure 1). The total thickness of
Nidar ophiolite varies from 3 to 12 km (ref. 24) with a
maximum width of 12 km along the Nidar valley””. The
Nidar ophiolite is a part of the Indus Suture Zone (Figure
1 ¢), characterized by ophiolites and ophiolite mélanges
all along its length from Nanga Parbat to Namche
Barwa®. The Nidar ophiolite complex can be subdivided
into three litho-units”>*’*°. The ultramafics at the bot-
tom, followed by mafic and subsequently the volcanic
units and pelagic sediments, including chert and lime-
stone at the top. The ultramafic unit mainly consists of
peridotites (harzburgite, lherzolite and dunite) with sub-
ordinate amount of chromitite and pyroxenite veins.
Chromitites occur as thin parallel veins with variable
thickness (1-100 cm) within the basal dunite***’. Mas-
sive and isotropic gabbros are well exposed in the north-
western part of Nidar village. Well-preserved sills and
dykes of plagiogranites within the gabbro unit are ob-
served near the Shyrok stream (Figure 2 a). Occasionally,
the gabbros also exhibit compositional layering (Figure
2 b). Pillow lavas from the topmost unit display a concor-
dant association with the gabbros and are superimposed
by a volcano-sedimentary unit comprising basaltic to
andesitic flows, limestone, shale, green chert, siltstone
and jasperite®®**>°.

The Nidar ophiolite gabbros are fine- to medium-
grained, mesocratic and massive in hand specimen. They
are essentially composed of plagioclase and clinopyro-
xene with minor amounts of olivine, orthopyroxene,
hornblende and magnetite, with an intergranular and
ophitic to subophitic textural relationship. The gabbro
samples were metamorphosed to some extent, but the
primary magmatic phases are still preserved (Figure 2 c).
Plagioclase is mostly subhedral lath-shaped and occurs as
phenocrysts set within the groundmass of plagioclase, pyro-
xene, hornblende and opaque minerals. Saussuritization is
more commonly observed along the grain boundary.
Occasionally, phenocrysts of plagioclase exhibit albite
twinning and zoning (Figure 2c¢). Clinopyroxene in
gabbros is subhedral to anhedral in nature and displays
panidiomorphic to allotriomorphic texture (Figure 2 d). It
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Figure 1. a, Map of India showing spatial distribution of ophiolites in and around the Indian sub-continent and
Tibetan plateau. b, Satellite view of the Nidar ophiolite complex, southeastern ladakh, India. ¢, Geological map of
the Nidar ophiolite and surronding areas with distinct lithologies.
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Figure 2. Field photographs: (a) occurrences of plagiogranite dyke in gabbros and (b) composition layering within the
mafic sequence of the Nidar ophiolite. Photomicrographs: (¢) laths of plagioclase with zoining and (d) gabbros under
crossed polars showing panidiomorphic to allotriomorphic texture consisting of plagioclase and pyroxenes. Cpx, Clino-
pyroxene; Pl, Plagioclase.
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Figure 3. Trinary plot of clinopyroxene composition of the Nidar ophiolite gabbros®'. Wo, Wollastonite; En, enstatite and Fs, Ferrosilite.
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Figure 4. Discriminate diagrams of (a) Ti versus Al(apfu) and (b) Ti versus Na(apfu) of Cpx from gabbros (after
Leterrier et al.'®). Note the comparison between the present study and different ophiolites. The distribution of three
principal basaltic families: alkali and related basalts, orogenic tholeiitic and calc-alkaline basalts is defined by com-
puter-drawn frequency curves (the counting frequency is indicated on each contour). Data are from Manipur ophi-
olite'®, Nidar ophiolite'™'”, Naga ophiolite'®, Sapi—Shergol ophiolite®® and Suru—Thasgam ophiolite®.

has well-developed cleavage and twinning. Some of the
clinopyroxene phenocrysts are either uralitized or serpen-
tinized. Chloritization of pyroxene and/or hornblende is
also noticed in few of the sections. At times it is observed
that small grains of plagioclase are included in pyroxenes.
The mineral chemistry of the studied clinopyroxenes
was obtained from electron microprobe analysis using
Cameca SXS5 operating at 15 kV and 20 nA, and beam
width of 2 wm at the Indian Institute of Technology
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Indian School of Mines, Dhanbad. For calibrations, both
natural and synthetic materials were used and the molecular
proportions were calculated based on six oxygen atoms.
A total of 33 clinopyroxene data points were obtained
from four Nidar ophiolite gabbro samples (Table 1). The
clinopyroxene composition can be characterized by low
TiO; (0.05-0.77 wt%) and Na,O (0.12-0.85 wt%), with
variable SiO, (52-55 wt%). There is a wide variation of
CaO (12.26-23.88 wt%) and FeOr (5-16 wt%), whereas
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Figure 5. Tectonic discriminate diagrams of clinoproxene compositions: a, A
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variation of Mg# [Mg/(Mg + Fe?")] ranges from 0.64 to
0.87. The ternary diagram®' of Wo—En—Fs indicates that
the clinopyroxenes are augitic to diopside in composition
(Figure 3). There is slight compositional variation bet-
ween core and rim in some clinopyroxene grains with
regard to TiO, and Al,O; content. These are classified as
low-Ti (<0.025 apfu)' clinopyroxenes based on the varia-
ble content of TiO,, SiO, and Na,O (wt%).

Leterrier et al.'® have proposed that the elements like
Na, Ti, Cr, Ca and Al in clinopyroxene can be used to
discriminate the parental magmas in different tectonic
settings. Beccaluva et al.' have grouped the Ti content in
clinopyroxene as high-Ti, low-Ti and very low-Ti ophi-
olites, suggesting that the high-Ti ophiolites occur at
mid-ocean ridges and marginal basins. The low-Ti and
very low-Ti types are generated at supra-subduction zone
settings. The activity of an element in clinopyroxene
crystallizing from a liquid could be explained by the par-
tition coefficient factor (Kp). Consequently, chemical
variation of the magma will reflect in the composition of
clinopyroxene, mainly for the elements readily combined
in their matrix. For example, the orogenic basalts (island-
arc tholeiites and basaltic andesite, calc-alkali basalts
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from active continental margins and shoshonitic basalts)
are depleted in Ti and Cr. The tholeiites and transitional
basalts from oceanic ridges, continental rift, back-arc
basin and passive continental margins are enriched in Ti
and Na, but are Si-deficient when compared with other
types of basalts'®. The bivariate diagrams (Figure 4 a and
b)" illustrate the comparison between low-Ti cpx from
Nidar ophiolite and other Neo-Tethyan ophiolites (Mani-
pur ophiolite'’, Nidar ophiolite'™'’, Naga ophiolite',
Sapi—Shergol ophiolite*”, Suru—Thasgam ophiolite)**. Our
results are consistent with the low-Ti which signifies
orogenic tholeiitic calcalkali basalts.

The clinopyroxene compositions like Al,0;, Na,O and
Ti0O, in mafic rocks are primarily controlled by the com-
position of magma and specifically by the activity of SiO,
and alkalinity®*. However, it may have a limited influence
on the physical conditions of crystallization. The mag-
matic processes that are responsible for the generation of
the ophiolite complexes regulate the geochemical and
petrological signatures, depending on the geodynamic
settings of their development®®. The high Mg content in
these clinopyroxenes is consistent with pyroxene compo-
sitions reported in other ophiolite complexes and Island

689



RESEARCH COMMUNICATIONS

Arcs®®. The observed high SiO, and low Ti content cor-
respond to basalts produced in orogenic settings. The
discriminate diagrams using Ti, Si, Al and Na elements in
clinopyroxene deduce the more distinct classification of
magma types'. In the bivariate diagram Ti versus Al'
(apfu), the low-Ti clinopyroxenes of Nidar ophiolite fall
in the compositional field of island-arc tholeiite (IAT;
Figure 5 a). Similarly, plots related to Na, Ti and Al also
suggest the signature of IAT (Figure 5b and c). The
Ti0,—Si10,/100-Na,O diagram exhibits well within mag-
matic series of IAT field (Figure 5d)'. Thus, it can be
inferred that the Nidar ophiolite with low-Ti cpx is con-
sistent with the adjoining ophiolites and reflects supra-
subduction setting of boninitic affinity.
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Vegetative propagation of Ulmus
villosa Brandis and Ulmus wallichiana
Planchon: optimizing plant growth
regulators and growing media on root
formation in hardwood stem cuttings
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Ulmaus villosa and Ulmus wallichiana are agroforestry
tree species of the Kashmir valley, India. Low viability
and less longevity of the seeds limit their propagation.
The hardwood stem cuttings of both species were
propagated in growing medium (soil, sand and a mix-
ture of cocopeat : vermiculite : perlite) and treated with
different indole-butyric acid (IBA) concentrations.
The results showed maximum sprouting, rooting, sur-
vival, shoot length, root length, and leaf area at 2500
and 2000 ppm IBA for U. villosa and U. wallichiana
respectively. Moreover, with cocopeat : vermiculite :
perlite 2 : 1: 1, significant results were observed in
both the species. The interaction between planting me-
dia and IBA concentration showed significant variance.

Keywords: Growing media, indole-butyric acid, stem
cuttings, Ulmus villosa, Ulmus wallichiana, vegetation
propagation.
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ELMS are common worldwide, generally distributed in the
temperate regions of the Northern Hemisphere, subtropics
of Central America and Southeast Asia'. A total of 35
species are distributed throughout the world, but only 5
are reported in the Indian subcontinent, viz. Ulmus walli-
chiana, Ulmus villosa, Ulmus pumila, Ulmus chumlia and
Ulmus lanceifolia. Two species, namely U. wallichiana
and U. villosa have been reported from the Kashmir valley,
India, but show low regeneration in the forests due to rare
seed availability”.

Ulmus villosa Brandis is a deciduous tree popularly
called marinoo in India’. The tree shows scattered distri-
bution in Northwestern Himalayas and grows up to 20—
30 m in height at an altitude ranging from 1200 to
2500 m amsl (ref. 4). It is considered an important agro-
forestry tree species, but irrespective of its multi-purpose
advantages meagre research thrust has been given on the
quantitative or qualitative development and mass produc-
tion of the species’.

Ulmus wallichiana Planchon, famous as Kashmiri elm,
Bhutan elm or Himalayan elm, is found at elevations
ranging from 800 to 3000 m amsl, distributed from Nuri-
stan in Afghanistan, northern Pakistan and India to west-
ern Nepal. The species is widely distributed in Kashmir,
especially found in Dachigam, Tangmarg, Babareshi,
Pahalgam, Chandanwari and Verinag’. The Himalayan
elm can reach up to a height of 30 m with distinct
greyish-brown trunk furrowed longitudinally, broad
crown region and branches grow in ascending fashion’.
Naturally the elm tree shows sexual mode of propagation
through seeds, but the seeds of U. wallichiana are either
empty or exhibit less longevity, which results in low
availability for afforestation. Like U. villosa, U. walli-
chiana is source of fuel, timber and is reported to have
the potential to prevent and treat osteoporosis’.

In order to overcome the propagation barrier through
seed multiplication, vegetative propagation has been a
thrust area in the recent past. Vegetative propagation
through stem cuttings can be used to select superior
varieties of U. villosa and U. wallichiana for planting.
One of the critical aspects for propagation by stem cut-
tings is the root development process which is influenced
by the plant growth regulators, especially by the root-
stimulating agents. They play a crucial role in root deve-
lopment in difficult-to-root plants, improving rooting
percentage in cuttings and decreasing rooting time’.

The choice of rooting medium is one of the most impor-
tant factors for achieving optimum rooting in the shortest
time. It is important to choose the correct rooting medium
to get optimum rooting in the shortest time. Peat moss is
the most commonly used peat in horticulture®. It is reported
that peat moss improves the physical characteristics of
the soil, such as porosity and water-holding capacity’.

The aim of this study was to analyse the impact of
growth regulators and growing media on the rooting of U.
villosa and U. wallichiana hardwood stem cuttings.
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