
INTRODUCTION

Over all in the earth’s crust, ophiolites are the major
components in the realm of subduction related tectonic en-
vironment. The study of pillow lavas and mantle sequence
in the ophiolites can give impetus to advance our knowl-
edge on the magma generation and its extraction from the
mantle (Beccaluva and Serri, 1988; Hebert and Laurent,
1989; Ohnenstetter et al., 1990; Orberger et al., 1995).
The well-studied ophiolitic sequence of Oman, Cyprus,
Thailand and Philippines indicated that they were formed
in supra-subduction set-up (Auge and Roberts, 1982;
Greenbaum, 1977; Orberger et al., 1995). Till date no
proper attention have been paid on Indus Suture ophiolites
in the western Himalaya in order to understand the
processes involved in the genesis of ultramafic melts from
upper mantle. 

The Indus Suture Zone represents a junction between the
Indian Plate and the Karakoram-Tibetan block of the
Eurasian Plate. It extends to the North of Himalaya from
East to West for about 2500 km (Thakur and Mishra, 1984)
and is characterized by the presence of ophiolitic se-
quences, ophiolitic mélanges, plutonic-volcanic rock asso-
ciation of magmatic arc, flysch and molasses (Thakur,
1981; Honegger et al., 1982). The dismembered portion of
ultramafic rock mixed with sediments and blueschists oc-
curs in the western as well as in eastern part of the Ladakh,
i.e. Shergol and Zildat ophiolitic mélange (Thakur and
Mishra, 1984; Honegger et al., 1989). Furthermore, the
eastern part of the Ladakh is still geologically unexplored.
Along the Indus Suture Zone, a complete ophiolitic se-
quence is exposed only in the eastern part of the Ladakh,
which is known as Nidar ophiolitic sequence (Virdi, 1986;
Fig. 1). This sequence is sandwiched between the Tso
Morari Crystalline Complex to the South and the Indus
Formation to the North. 

The aim of this study is to provide constraints on its geo-
dynamic significance and to understand the petrochemical

processes involved in the building of subduction complex in
the Himalayan regon.

OPHIOLITIC SEQUENCE

In the Indus Suture Zone only the Nidar area in the
Eastern Ladakh exhibits a full lithologic spectrum of typi-
cal ophiolitic sequence. The ophiolite is composed of three
zones; 1) Ultramafics; 2) Gabbro and pillow lava; 3) chert
interbedded with volcanics (Fig. 1). The age of this ophi-
olitic sequence is dated to be Cretaceous, on the basis of
the fossil assemblage present in the chert unit (Virdi,
1986).

The ultramafic zone comprises spinel-harzburgite and
spinel-dunite, and is 8 to 10 km wide in the Nidar-Kyon Tso
section. Spinel-harzburgite is present at the base of the se-
quence, whereas spinel-dunite occupies the upper level, in
tectonic contact with the mafic rocks (Fig. 1). The spinel-
dunite hosts minor amount of chromite either in the form of
disseminated grains (about 2-4 mm) or veins. Pyroxenite is
present in the form of centimeter to meter sized sills either
in dunite or harzburgite. 

To the North, the ultramafic association is overlain by
gabbros. Some dolerite dykes are also encountered within
this zone, but a real sheeted dyke complex is absent in the
Nidar ophiolitic sequence. Pillow lavas (volcanics) are ob-
served to the North of the gabbro zone. They consist of ba-
sic to intermediate volcanics (T. Ahmad, Personal Commu-
nication.) with pillow structure of around 0.5 to 1 m across.
The uppermost pillow unit is layered containing volcanics
interbedded with greenish, radiolarian-rich, chert. The red
chert represents the uppermost unit of the ophiolitic se-
quence, and it is 100-200 m thick (Fig. 2). The northern lim-
it of Nidar ophiolitic sequence is marked by southwards dip-
ping thrust with Indus formation, whereas the southern limit
is marked by northwards dipping thrust with Tso Morari
Crystalline (Thakur and Mishra, 1984). 
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ABSTRACT

The ultramafic rocks of Nidar ophiolitic sequence in the eastern part of the Ladakh (NW Himalaya) have been studied combining petrography and mineral
chemistry data. The ultramafic rocks mainly consist of spinel-harzburgite and spinel-dunite, that are intruded by spinel-bearing pyroxenites. The modal and
chemical composition of minerals in harzburgite indicates a strongly-depleted nature consistent with a residual origin after the extraction of basaltic melt by
single or multiple partial melting events. In contrast, dunite was probably formed as a consequence of interaction between harzburgite and migrating melt(s),
after the partial melting events. This is well corroborated by the petrographical and chemical evidence, e.g., the growth of secondary mineral aggregates and
the large chromite component in the spinels.

The mineral chemistry suggests that the melts percolating and interacting with harzburgite were rich in MgO and NiO and deficient in CaO, Al2O3, and
TiO2. In particular, the low Ti content shown by clinopyroxenes and spinels (which are cumulus phases in pyroxenites and secondary neoblastic phases in
peridotites), in association with high Cr# (> 60) exhibited by all the spinels, are consistent with parent melt of boninitic affinity. These melts are typical of is-
land arc environment. Therefore, this infers that the ultramafic units of Nidar ophiolite underwent melt percolation in a supra-subduction tectonic environment
related to fore-arc setting.
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Fig. 1 - Geological map of Nidar ophiolitic sequence (after Thakur and Mishra, 1984). 



PETROGRAPHY

Spinel Harzburgite

The spinel harzburgite suite occupies most part of the ul-
tramafic zone. It consists by 56-89% of olivine, 13-37% of
orthopyroxene, 1 to 10% of clinopyroxene and ~7% of Cr-
rich spinel. The plagioclase is also noticed in very minor
amounts in secondary aggregates. Most of the studied sam-
ples have a dominant coarse-grained mosaic texture, with
subordinated fine-grained secondary zones. The develop-
ment of mosaic texture can be reasonably ascribed to re-
crystallization phenomena after a main melting event and
was characterized by the increase of grain size of olivine
and orthopyroxene. Olivine crystals are anhedral and
equant. The olivine crystals defining the mosaic texture are
coarse (up to 15 mm in diameter), and show subgrain
boundaries (kink bands). Smaller strain-free olivine crystals
(<2 mm across) are instead present in the secondary aggre-
gates, in which they are associated with neoblastic spinel,
pyroxenes and minor amount of plagioclase. Similarly to the
olivine, the largest orthopyroxene crystals ( ª2 mm) show
undulatory extinction and exsolution lamellae of clinopy-
roxene or spinel, whereas the orthopyroxenes from fine-
grained aggregates are strain-free. The clinopyroxenes occur
as small crystals in the secondary aggregates and are nor-
mally associated with interstitial spinel

The spinels are brown and exhibit mainly vermicular

shape. Vermicular spinel have irregular grain boundaries,
especially at the contact with orthopyroxene and usually en-
close small clinopyroxenes. Subhedral to euhedral spinels
are sometimes presents in the fine-grained aggregates in as-
sociation with olivine and pyroxenes. Differently, some
spinels occur as rounded, embayed crystals, and usually en-
close small olivine crystals. Such textures have been inter-
preted as a result of corrosion and recrystallization of spinel
due to the percolation of the exotic melts (Leblanc, 1980;
Lorand and Cottin, 1987). 

Spinel Dunite 

The olivine-rich rock are equigranular and contain spinel
from 2 to 4%, clinopyroxene from 1 to 7% and rare orthopy-
roxene. The dunite-forming minerals are essentially strain-
free, but some elongated olivines are present. Orthopyrox-
ene and clinopyroxene show the same textural features ob-
served in the spinel-harzburgites, even if former is signifi-
cantly less abundant. The recrystallization into strain-free
domain is much common.

The shape of interstitial spinel grains is rounded to ver-
micular. The vermicular spinel grains show intergrowth
with the secondary clinopyroxenes Rounded grains are also
observed as inclusions in large olivine. However, similarity
to harzburgites, interstitial spinels sometimes contain small
olivines, which suggest that both spinel and olivine recrys-
tallized as a consequence of melt percolation.

Pyroxenites

The pyroxenites (websterites) are mainly composed of
clinopyroxene which constitutes around 82% of modal com-
position, and by 10-15% of orthopyroxene, whereas olivine
is always less than 7%. Some clinopyroxene aggregates re-
crystallized into mosaic texture. The clinopyroxene relict is
full of spinel exsolution. In some samples, pyroxenes
(clinopyroxenes) also show typical magmatic twinning.

MINERAL CHEMISTRY

Minerals were analyzed at the Roorkee University (India)
with electron microprobe “Jeol Superprobe” model. The an-
alytical conditions for spot analysis were: 6 s of counting
time for each element, and 3 s of counting time for the back-
ground, 15 kV of accelerating potential and 15 nA of sam-
ple current. Natural and synthetic minerals were used as
standards. Data reduction was performed with the ZAF cor-
rection procedure.

Olivine

The Fo value and the NiO content are more variable in
harzburgite olivine than in dunite olivine (Table 1). The
harzburgite olivine has Fo value in the range of 91-94,
which is positively correlated with the NiO content (Fig. 3).
In particular, the maximum NiO content (0.98%) is shown
by the Fo-richest sample. The dunite olivine have Fo in the
range of 92.2-92.5, and, therefore, it results enclosed in the
compositional range of harzburgite olivine. The NiO content
is strictly and positively correlated with the Fo value and is
in the range of 0.32-0.41%, which corresponds to the lower
values exhibited by harzburgite olivines. The high magne-
sian composition of olivine reveals its refractory character
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Fig. 2 - Schematic cross-section of Nidar ophiolitic sequence. 



similar to that observed in Oman and New Caledonia ophio-
lite (Auge and Roberts, 1982; Johan and Auge, 1986). The
olivines of Nidar ultramafics have typical compositions
close to those found in oceanic peridotites and are consistent
with a upper mantle origin (Dick and Fisher, 1984). The
Mg# of olivine and coexisting clinopyroxene and orthopy-
roxene are compared in Fig. 4, where field of oceanic man-
tle rocks is shown. It is significant to notice that Mg#
olivines of Nidar ultramafics are similar to those reported
for oceanic mantle rocks and higher than those fields de-
fined for comparison such as E-MORB and N-MORB. 

Orthopyroxene

The orthopyroxene shows Mg# [cation ratios 100
Mg/(Mg+Fe total)] and Al2O3 in the range of 91.2 to 92.0
and 1.01 to 3.4 wt%, respectively (Table 2). In Al2O3 vs
Mg# plot, the composition of the orthopyroxenes from
spinel-harzburgite and pyroxenite are partially comprised
within in the field of abyssal peridotite (Fig. 5), but some
data of spinel-harzburgite show Al-depleted composition.
The Al2O3 content in orthopyroxene from dunite shows little
variation and is close to the Al-depleted composition of
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Table 1 - Representative analysis of olivines from ultramafic rocks of the Nidar ophiolitic sequence. 

sample NN 47 NN 49 NN 50 NN 51 NN 53  NN 54 NN 56 NN 57 NN 58 NN 59
Spinel-dunite Spinel-harzburgite

SiO2 41,69 41,5 42,65 42,67 42,04 41,45 40,74 40,98 42,42 42,16

Al2O3 0,01 0,01 0,01 - 0,01 0,01 - - - 0,01

FeO 7,61 7,24 9,01 5,99 7,94 8,12 6,69 8,86 5,88 6,71

MgO 50,32 49,87 48,05 51,76 50,23 50,93 50,46 50,28 50,42 49,89

MnO 0,67 1,21 0,12 0,04 0,16 0,17 0,01 0,02 0,08 0,07

CaO 0,04 0,04 0,02 - 0,01 0,02 0,14 0,14 0,08 -

TiO2 - - 0,01 - - - - - 0,02 -

Cr2O3 - 0,08 0,34 0,11 0,03 - 0,04 0,04 0,09 0,09

NiO 0,32 0,41 0,34 0,64 0,41 0,39 0,94 0,89 0,98 0,92

Total 100,66 100,36 100,55 101,21 100,83 101,09 99,02 101,21 99,97 99,85

Cations
Si 1,007 1,007 1,032 1,015 1,012 0,998 0,998 0,996 1,022 1,025

Al 0 0 0 - 0 0 - - - -

Fe2 + 0,154 0,149 0,182 0,119 0,16 0,163 0,137 0,18 0,119 0,136

Mg 1,811 1,803 1,733 1,835 1,803 1,828 1,843 1,822 1,819 1,808

Mn 0,014 0,025 0,002 0,001 0,003 0,003 0 0,0004 0,0016 0,001

Ca 0,001 0,001 0,001 - - 0,001 0,004 0,0003 0,002

Cr 0 0 0,007 0,002 0,001 - 0,001 0,007 0,001 0,001

Ni 0,006 0,006 0,007 0,012 0,008 0,007 0,019

Fo 92,2 92,5 93,8 93,9 91,8 91,8 93,1 91 93,8 93

Fig. 3 - NiO vs Fo number in olivine.

Fig. 4. Fe-Mg partitioning between olivine, orthopyroxene and clinopyrox-
ene from Nidar ultramafics. The field for N-MORB and E-MORB at 1 atm.
is taken from Grove and Brian (1983).



harzburgite orthopyroxene. The Mg# value is nearly con-
stant and within the harzburgite orthopyroxene range.

The CaO in orthopyroxene varies in the range of 0.38 -
1.11 wt%. The Al2O3 content in orthopyroxene from dunite
is lower than in the orthopyroxene from harzburgite and py-
roxenite, while Mg# remains nearly constant. The Al2O3
content of orthopyroxenes is similar to the oceanic mantle
rocks as described by Hebert et al. (1989). The Al2O3 and
CaO content are similar to those of Acjoe harzburgite and
mantle section of ophiolitic peridotite of Zambales (Evans
and Hawkins, 1989). In general, the composition of or-
thopyroxene from harzburgite and dunite of Nidar ophiolitic
sequence is consistent with the highly depleted character of
the mineral assemblages.

Clinopyroxene

The Mg# in the diopside from peridotite varies from 91
to 95 (Table 3). The CaO, Al2O3 and Cr2O3 show consisten-
cy in their compositional variation: 23.6-25.96 wt%, 1.24-
4.64 wt%, 0.03-0.14 wt%, respectively (Table 3). Na2O and
TiO2 are present in low to very low concentration. However,
Na2O is significantly higher in pyroxenite clinopyroxenes
(0.23-0.30 %) with respect to peridotite clinopyroxene
(0.04-0.08%). The Na2O concentration and Mg# value of
the clinopyroxene from pyroxenite are consistent with those
reported by Beccaluva et al. (1989) for boninite clinopyrox-
enes. On the other hand, the low TiO2 content in clinopyrox-
ene from pyroxenites closely resembles to the clinopyrox-
ene analyzed in intrusive websterites and clinopyroxenites
from the Oman, Thetford Appalachian and Thailand ophio-
lites (Ernewein et al., 1986; Hebert and Laurent, 1989; Or-
berger et al., 1995), whereas similar low Cr content  has
been reported for boninite clinopyroxene from Newfound-
land ophiolite (Beccaluva et al.,1989; Bedard,1999). In con-
clusion, all the compositional features of pyroxenite
clinopyroxenes (Table 4) suggest that the Nidar cumulates
were formed from magmas having boninitic affinity, in a is-
land arc setting.

If the pyroxenite clinopyroxene composition can be as-
sumed to be directed depended from parental melt composi-
tion, this is not true for a metasomatic clinopyroxene, on
which the peridotite composition plays an important buffer-
ing effect. For example looking at the low Ti and Na content
of peridotite clinopyroxene, these are consistent with the
general depleted character of the ambient peridotite. How-
ever, the low Cr composition cannot be inherited from de-
pleted peridotite matrix and it is, therefore, a strong clue that
secondary clinopyroxene crystallized in the presence of a
SiO2-and MgO-rich component similar to the parent magma
of pyroxenites. The significant compositional similarity oc-
curring between the peridotite and the pyroxenite clinopy-
roxenes suggests that the former are the product of a large-
scale porous flow percolation operated by same melt flow-
ing in the pyroxenite conduits, and that metasomatic
clinopyroxene was close to the equilibrium with it.

The Mg# and the total aluminum are negatively correlat-
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Table 2 - Representative analysis of orthopyroxene from ultramafic rocks of Nidar ophiolitic sequence. 

sample NN 47 NN 49 NN 50 NN 51 NN 53  NN 54 NN 56 NN 57 NN 58 NN 59 P-9 P-10 P-11 P-12
Spinel-dunite Spinel-harzburgite Pyroxenite

SiO2 58,56 57,78 59,23 58,28 56,1 57,65 57,86 56,65 59,54 55,68 56,85 57,1 56,76 56,98
Al2O3 1,48 1,31 1,57 1,53 1,38 1,01 2,11 2,85 3,4 3,02 2,67 2,7 2,68 2,89
FeO 5,53 5,49 5,59 5,5 5,37 5,45 5,63 5,53 5,68 5,61 5,35 5,39 5,34 5,36
MgO 33,68 34,18 32,88 33,86 34,58 35,15 32,76 33,48 32,95 33,58 33,91 34,38 33,99 33,98
MnO 0,14 0,13 0,14 0,13 0,1 0,12 0,09 0,1 0,09 0,08 0,14 0,13 0,12 0,12
CaO 0,38 0,49 0,85 0,92 1,1 0,99 0,91 0,95 1,11 1,08 0,56 0,39 0,4 0,5
Na2O 0,08 0,07 - - 0,06 0,07 0,06 0,06 0,14 0,13 0,01 0,06 0,05 0,04
TiO2 0 0,01 0,02 0,01 0,01 0 0 0,03 0,04 0,04 0,02 0,03 0,03 0,04
Cr2O3 0,48 0,46 0,49 0,51 0,45 0,47 0,46 0,48 0,45 0,44 0,47 0,46 0,49 0,5
NiO - - - - - - - - - - 0,16 0,12 0,15 0,17
Sum 100,33 99,92 100,81 99,77 99,15 101,21 99,92 100,13 99,66 98,43 100,14 100,16 100,01 100,58
Cations 
Si 1,99 1,97 2,01 1,98 1,923 1,96 1,97 1,94 1,97 1,92 1,95 1,94 1,94 1,94
Al 0,059 0,058 0,062 0,061 0,055 0,04 0,084 0,114 0,132 0,122 0,107 0,108 0,103 0,115
Fe2+ 0,157 0,157 0,158 0,156 0,132 0,154 0,16 0,158 0,157 0,161 0,153 0,153 0,153 0,153
Mg 0,928 0,949 0,923 0,938 0,881 0,824 0,758 0,789 0,748 0,812 0,924 0,928 0,924 0,918
Mn 0,004 0,003 0,004 0,003 0,002 0,003 0,002 0,002 0,002 0,002 0,004 0,003 0,003 0,003
Ca 0,013 0,018 0,03 0,033 0,04 0,036 0,033 0,034 0,039 0,039 0,02 0,014 0,014 0,018
Na 0,005 0,004 - - 0,003 0,004 0,003 0,003 0,009 0,008 0 0,003 0,003 0,002
Ti - - - - - - - - - - 0 0 0 0,001
Cr 0,012 0,12 0,013 0,013 0,012 0,012 0,012 0,013 0,011 0,012 0,012 0,012 0,013 0,013
Ni - - - - - - - - - - 0 0 0 0
Mg # 91,55 91,97 91,28 91,63 91,99 91,99 91,19 91,51 91,16 91,44 92,1 92,3 92,4 92,2

Fig. 5 - Mg # vs wt% Al2O3 in orthopyroxene from harzburgite and dunite.
The field of abyssal peridotite is after Elthon (1989). 
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Table 3 - Representative analysis of clinopyroxene from ultramafic rocks of Nidar ophiolitic sequence. 

sample NN 47 NN 49 NN 50 NN 51 NN 53  NN 54 NN 56 NN 57 NN 58 NN 59
Spinel-dunite Spinel-harzburgite

SiO2 53,91 59,28 54,86 59,48 54,78 53,98 53,68 54,35 54,51 54,01
Al2O3 2,18 2,16 2,34 2,11 2,16 2,1 2,13 2,38 2,12 2,13
FeO 2,29 2,26 2,17 2,25 2,2 2,23 2,19 2,58 2,26 2,18
MgO 16,34 15,98 16,82 16,84 16,21 16,81 15,34 15,86 16,41 17,01
MnO 0,07 0,06 0,06 0,08 0,06 0,06 0,07 0,09 0,08 0,07
CaO 24,27 24,82 23,56 23,99 24,08 24,58 24,39 24,79 24,2 24,2
Na2O3 0,07 0,08 0,05 0,04 0,06 0,07 0,06 0,06 0,08 0,07
TiO2 0,06 0,05 0,08 0,09 0,07 0,04 0,07 0,05 0,09 0,08
Cr2O3 0,1 0,12 0,09 0,08 0,09 0,11 0,2 0,1 0,12 0,2
Sum 99,29 99,75 99,73 99,96 99,71 99,98 99,03 99,26 99,9 99,88
Cations 
Si 1,96 2,03 1,979 2,03 1,985 1,96 1,98 1,969 1,971 1,95
Al 0,093 0,087 0,099 0,084 0,092 0,089 0,092 0,1016 0,09 0,191
Fe 0,069 0,064 0,065 0,064 0,066 0,067 0,067 0,077 0,068 0,065
Mg 0,889 0,816 0,904 0,857 0,875 0,909 0,844 0,856 0,886 0,919
Mn 0,002 0,001 0,001 0,002 0,001 0,001 0,002 0,002 0,002 0,002
Ca 0,094 0,911 0,91 0,877 0,935 0,956 0,965 0,962 0,94 0,94
Na 0,004 0,005 0,003 0,002 0,004 0,004 0,004 0,004 0,005 0,004
Ti 0,001 0,001 0,002 0,002 0,001 0,001 0,001 0,001 0,002 0,002
Cr 0,002 0,003 0,002 0,022 0,002 0,003 0,005 0,002 0,003 0,005
Mg # 92,7 92,6 92,7 93 92,9 93 92,5 91,7 92,8 93,31

Table 4 - Representative analysis of Cr-spinel from ultramafic rocks of Nidar ophiolitic sequence.  

sample NN 47 NN 49 NN 50 NN 51 NN 53  NN 54 NN 56 NN 57 NN 58 NN 59 P 1 P 2 P 3 P 4
Spinel-dunite Spinel-harzburgite Pyroxenite

FeO 28,22 25,12 22,07 23,08 28,68 26,78 27,34 28,16 25,78 26,98 21,98 18,78 20,98 21,64
TiO2 0,04 0,01 0,03 0,02 0,02 0,02 0,03 0,03 0,02 0,01 0,02 0,01 0,03
MgO 9,61 9,4 11,88 12,84 10,84 9,78 8,28 7,28 9,86 8,85 11,62 12,84 13,64 14,67
Al2O3 10,65 10,69 19,97 18,76 10,66 10,86 10,24 9,16 11,26 10,12 10,42 14,97 10,97 10,74
MnO 0,52 0,64 0,25 0,28 0,52 0,62 0,76 0,68 0,56 0,68 0,3 0,29 0,28 0,3
Cr2O3 50,01 53,26 44,35 45,75 50,08 52,84 52,81 53,76 51,58 52,65 54,86 52,74 53,74 52,28
ZnO 0,22 0,14 0,2 0,17 0,14 0,16 0,11 0,1 0,14 0,2 0,1 0,02 0,02 0,01
Sum 99,28 99,28 98,73 100,91 100,93 101,06 99,55 99,17 99,21 99,4 99,39 99,81 99,71 99,74
Cations 
Fe+2 0,508 0,514 0,431 0,398 0,461 0,506 0,564 0,611 0,497 0,537 0,426 0,379 0,343 0,299
Fe+3 0,273 0,183 0,15 0,197 0,313 0,222 0,199 0,188 0,214 0,214 0,174 0,285 0,651 0,276
Ti 0 - - - - - - - - - - - - -
Mg 0,474 0,465 0,558 0,591 0,522 0,474 0,412 0,368 0,484 0,439 0,566 0,613 0,651 0,695
Al 0,415 0,418 0,742 0,683 0,405 0,416 0,403 0,366 0,437 0,397 0,401 0,372 0,414 0,402
Mn 0,014 0,017 0,006 0,007 0,014 0,017 0,021 0,019 0,015 0,019 0,008 0,007 0,007 0,008
Cr 1,308 1,397 1,1 1,117 1,279 1,359 1,39 1,443 1,34 1,38 1,418 1,337 1,367 1,315
Zn 0,005 0,003 0,004 0,003 0,003 0,003 0,002 0,002 0,003 0,004 0,002 - - -
Cr # 75,91 76,97 59,81 62,08 76,02 76,54 77,56 79,96 73,44 77,71 78,25 77,9 76,75 76,58
Fe3+ # 14,18 13,33 9,85 10,69 14,32 13,56 12,18 13,69 13,21 13,27 14,32 8,7 26,7 13,84
Mg # 48,85 52,07 59,51 60,84 51,37 48,57 44,47 41,79 52,42 50 40 48 39 41,44

sample P-1 P-2 P-3 P-4 P-5 P-6 P-7 P-8
Pyroxenite

SiO2 52,84 54,13 53,16 53,18 54,56 53,98 54,98 54,97
Al2O3 4,64 4,31 3,98 4,25 1,24 1,31 2,37 2,36
FeO 3,24 4,17 2,92 3,41 2,39 3,15 3,16 2,16
MgO 12,61 13,28 14,64 15,61 13,98 14,16 15,16 16,13
MnO 0,14 0,16 0,18 0,14 0,14 0,14 0,13 0,14
CaO 20,98 25,31 24,58 23,96 25,96 25,61 24,96 25,96
Na2O 0,23 0,27 0,29 0,3 0,028 0,27 0,23 0,24
TiO2 0,04 0,06 0,07 0,06 0,03 0,02 0,02 0,03
Cr2O3 0,04 0,03 0,04 0,01 0,11 0,14 0,08 0,08
NiO 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01
Sum 98,77 101,73 99,87 100,93 98,7 98,79 101,1 120,08
Cations 
Si 1,94 1,94 1,93 1,92 2,01 1,998 1,98 1,96
Al  total 0,201 0,182 0,171 0,18 0,053 0,057 0,1 0,099
Fe 0,099 0,125 0,089 0,102 0,073 0,097 0,095 0,064
Mg 0,693 0,711 0,795 0,84 0,769 0,781 0,813 0,875
Mn - - 0,002 - - - - -
Ca 0,987 0,975 0,96 0,926 1,026 1,016 0,963 0,991
Na 0,016 0,018 0,02 0,021 0,02 0,019 0,016 0,016
Ti 0,001 0,001 0,001 0,001 0 0 0 0,001
Cr 0,001 0,0008 0,001 0 0,003 0,004 0,002 0,002
Ni 0,002 0 0 0 0 0 0 0
Mg # 87,4 85,1 90,4 89,4 91 89,2 90,4 93,3



ed, and this is especially clear for pyroxenite clinopyroxene
(Fig. 6). The TiO2 and AlIV+VI show positive correlation in
pyroxenite but not in the peridotites (Fig. 6a). The variation
in pyroxenitic clinopyroxenes are consistent with magmatic
differentiation, whereas the Mg# and Al in harzburgite
clinopyroxene seems to be buffered by peridotitic composi-
tion. As a whole, the Figs. 6a and 6b also shows that Nidar
clinopyroxenes are more akin to boninitic than to ophiolitic
clinopyroxenes.

The comparison of the compositions of clinopyroxene
and orthopyroxene can give important insights in the re-
crystallization process of the peridotites. From the data re-
ported in Tables 2 and 3, it is evident that in the pyroxenes
from peridotite, the CrCpx/CrOpx ratios are surprisingly lower
than 1, whereas AlCpx/AlOpx ratios are higher as well as low-
er than 1. Beccaluva et al. (1989) suggests that similar vari-
able AlCpx/AlOpx ratios may be due to the presence of a wide
range of thermochemical regime. However, such a composi-
tional ratios can be simply explained by the occurrence of
chemical disequilibrium between newly-formed peridotite
clinopyroxenes and deformed orthopyroxenes, that are
residual after the partial melting event(s). The presence of
same compositional features in pyroxene pairs from pyrox-
enites suggest that most (or all) the orthopyroxenes in the
pyroxenite bands are metamorphic rather than magmatic, or
than those orthopyroxenes have crystallized before clinopy-
roxene in equilibrium with a more primitive (Si-and Cr-en-
riched) magma.

Spinel

Peridotite spinel has chromite to Mg-chromite composi-
tion with Mg# in the range 41-60, while Cr# varies from 59
to 79 (Table 5). The spinels have very low TiO2 concentra-
tion (up to 0.04 wt%). The spinels of pyroxenite also ex-
hibits low TiO2 (0.03 wt.%). Cr# values range from 76 to
78, while Mg# varies from 39 to 48 (Table 5) The TiO2
wt% vs Cr# plot (Fig. 7) reveals that chromite component
in peridotite spinels are significantly higher than that
caused by high-degree pf partial melting processes. Such a
composition is more consistent with crystallization via peri-
dotite-melt interaction (Zhou et al., 1996), according to the
textural occurrence of peridotite spinel in neoblastic zones
and clinopyroxene compositions. In the Fig. 7, most of the
peridotite spinels and all the pyroxenite spinels plot togeth-
er in the boninitic field. This observation is consistent with
the consideration on clinopyroxene compositions done in
the previous paragraphs, and as a whole support the hy-
pothesis that the melt percolating the peridotite was the
same documented by pyroxenite zone, having boninitic
affinity.

A further striking feature of the peridotite assemblages
is that the CrSp/CrCpx values are exceptionally high notwith-
standing, the texture equilibrium evidenced by such phases.
The anomalous values can be explained by the stability of
the plagioclase in the secondary aggregates or by particular
combination of melt composition and intensive parameter
conditions. For example, it is also consistent with the oc-
currence of the percolation at low P, under plagioclase-fa-
cies conditions of peridotite system. The low TiO2 content
in Cr-spinel is also observed from well established
boninitic parentage of New Caledonia and Papua New
Guinea ophiolites (Jaques and Chapell, 1980; Leblanc,
1985). The wide variation in Mg#  probably reflects sub-
solidus re-equilibration of Fe-Mg partitioning with their
host olivine.
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Fig. 6 - Chemical composition of clinopyroxene in dunite and harzburgites.
(a) Ti vs Aliv+vi (b) Mg/(Mg+Fe) vs Aliv+v. The data for ophiolitic and
boninitic clinopyroxene is after Beccaluva et al. (1989).

Fig. 7 - TiO2 (wt%) vs Cr/(Cr+Al) are compared with spinels from
boninites (after Arai, 1992) and depleted and highly depleted peridotite (af-
ter Jan and Windley, 1990).



DISCUSSION

As a whole, the composition of the minerals of the tec-
tonic ultramafics from Nidar shows that they represent
pieces of ancient abyssal peridotite, which experienced a
multi-stage evolution involving partial melting episode(s)
and large-scale porous flow melt percolation. Refractory
peridotites (harzburgites and dunites) are found in the
oceanic margin or continental lithospheric mantle and are
normally interpreted the resultant product of high degree of
partial melting (Dick and Bullen, 1984; Bodineir, 1988;
Johnson and Dick, 1992). 

The melting of 42% of MORB pyrolite mantle is re-
quired to have Cpx-free harzburgite, while >60% of melting
must occur to have Opx-free dunite (Kostopoulos, 1991). In
the study area, the content of Cpx in the most fertile peri-
dotites is lower than 10%, while the dunite has orthopyrox-
ene in traces. According to Kostopoulos (1991), 10 to 40%
of partial melting of pyrolite mantle may be responsible for
the observed modal composition of minerals in Nidar
harzburgites. Niu (1997) suggested that this type of peri-
dotite is the mixture of melting residue and excess olivine
crystallize in response to decompression melting. On the
other hand, the mineral chemistry (e.g. the lower Mg# of
dunite olivines with respect to those of most harzburgite
olivines) evidences that Nidar dunites cannot simply be the
product of higher degree of partial melting starting from
common source. A large number of textural and chemical
features show that pervasive porous flow percolation oc-
curred in both harzburgite and dunite after the partial melt-
ing event(s). This occurrence points to the possibility that
dunite mineral assemblage was determined by an intense re-
action between the ambient harzburgite and an uprising
melts. If the peridotite-melt reaction occurred at temperature
lower than peridotite solidus, the significant decrease of the
modal volume of orthopyroxene in dunite requires that the
melt was SiO2-undersaturated. Differently, if the melt was
SiO2-saturated (as suggested by the chemistry of fine-
grained secondary aggregates, which are formed by clinopy-
roxene+Cr-spinel+olivine+orthopyroxene+plagioclase), par-

tial melting had to occur to determine the extreme decrease
of the orthopyroxene content recorded by dunites. A further
model could to envisage an early percolation of a SiO2-un-
dersaturated melts that in the final stage becomes SiO2-satu-
rated, via orthopyroxene dissolution.

Anyway, the percolation process determined the nearly
complete recrystallization of the uppermost level of the
Nidar sequence producing dunite. On the basis of the texture
and chemical evidences the following events can be recog-
nized: 1) high-degree partial melting process(es), which vir-
tually determined the complete consumption of clinopyrox-
ene; 2) plastic deformation of the residual mineral assem-
blages, that can be possibly related to the crustal accretion.
The lacking of low-temperature hydrothermal alteration in
the tectonic peridotites shows that they escaped the em-
placement in the sea-floor environment; 3) late interaction
with melts coming from deeper mantle level. Because of the
pervasive character of such a percolation and the close cor-
respondence of the major element composition of peridotite
and pyroxenite minerals, it is reasonable hypothesized that
the pyroxenite conduits represented shear zone where the
melt was accumulated, rather than the starting point of the
percolation. Similar peridotite-pyroxenites relationships
have been suggested to occur in highly-metasomatized sub-
continental ultramafic sequences related to mantle wedge
from Western Alps (Zanetti et al., 1999).

The compositional features of the pyroxenite clinopyrox-
ene (in particular, the low Ti and Na contents, and the high
Mg content) confidently indicate that the percolating melt
had boninitic affinity. The same indication is furnished by
the large chromite component of the pyroxenite spinels
(Fig.7), even if we are not able to assess how much the sub-
solidus equilibria may have influenced their compositions.
However, the considerable homogeneity of the Cr# value of
the spinels in the peridotites and pyroxenites from Nidar
ophiolite, suggests that their compositions were close to the
equilibrium with the percolating melt. The Cr# of spinel
>60 are typical of boninitic basalts in island arc environ-
ment (Dick and Bullen,1984).

Such types of Cr spinels were also reported from arc re-
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Table 5 - Chemical composition of pyroxene from pyroxenites

sample P-1 P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-11 P-12
SiO2 52,84 54,13 53,16 53,18 54,56 53,98 54,98 54,97 56,85 57,1 56,76 56,98

Al2O3 4,64 4,31 3,98 4,25 1,24 1,31 2,37 2,36 2,67 2,7 2,68 2,89

FeO 3,24 4,17 2,92 3,41 2,39 3,15 3,16 2,16 5,35 5,39 5,34 5,36

MgO 12,61 13,28 14,64 15,61 13,98 14,16 15,16 16,13 33,91 34,38 33,99 33,98

MnO 0,14 0,16 0,18 0,14 0,14 0,14 0,13 0,14 0,14 0,13 0,12 0,12

CaO 20,98 25,31 24,58 23,96 25,96 25,61 24,96 25,96 0,56 0,39 0,4 0,5

Na2O 0,23 0,27 0,29 0,3 0,028 0,27 0,23 0,24 0,01 0,06 0,05 0,04

TiO2 0,04 0,06 0,07 0,06 0,03 0,02 0,02 0,03 0,02 0,03 0,03 0,04

Cr2O3 0,04 0,03 0,04 0,01 0,11 0,14 0,08 0,08 0,47 0,46 0,49 0,5

NiO 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,16 0,12 0,15 0,17

Sum 98,77 101,73 99,87 100,93 98,7 98,79 101,1 120,08 100,14 100,16 100,01 100,58

Cations 
Si 1,94 1,94 1,93 1,92 2,01 1,998 1,98 1,96 1,95 1,94 1,94 1,94

Al  total 0,201 0,182 0,171 0,18 0,053 0,057 0,1 0,099 0,107 0,108 0,103 0,115

Fe 0,099 0,125 0,089 0,102 0,073 0,097 0,095 0,064 0,153 0,153 0,153 0,153

Mg 0,693 0,711 0,795 0,84 0,769 0,781 0,813 0,875 0,924 0,928 0,924 0,918

Mn - - 0,002 - - - - - 0,004 0,003 0,003 0,003

Ca 0,987 0,975 0,96 0,926 1,026 1,016 0,963 0,991 0,02 0,014 0,014 0,018

Na 0,016 0,018 0,02 0,021 0,02 0,019 0,016 0,016 0 0,003 0,003 0,002

Ti 0,001 0,001 0,001 0,001 0 0 0 0,001 0 0 0 0,001

Cr 0,001 0,0008 0,001 0 0,003 0,004 0,002 0,002 0,012 0,012 0,013 0,013

Ni 0,002 0 0 0 0 0 0 0 0 0 0 0

Mg # 87,4 85,1 90,4 89,4 91 89,2 90,4 93,3 92,1 92,3 92,4 92,2



lated ophiolitic complex (Ozawa, 1988). The low TiO2 char-
acter of pillow lavas (T. Ahmad, personal communication),
which lie above gabbro unit, also supports island arc envi-
ronment. As a whole, the basaltic melt sequence of Nidar
ophiolites is similar to the Troodos ophiolites (Robinson et
al., 1983; Mehegan and Robinson, 1991).

In conclusion, the ophiolitic sequence of Nidar area can
be considered similar to the ophiolitic sequence with highly-
depleted peridotites having magmatism of boninitic affinity
recognized in modern oceanic arc system (Bloomer, 1983).
As a consequence, the Nidar ophiolites were probably
formed in forearc basin related to a supra-subduction zone
environment. The absence of pyroclastic rocks and sheeted
dyke complex in Nidar also favours a forearc setting and
similar type of phenomena was suggested by Robinson et al.
(1983) for Troodos ophiolitic complex. Therefore, the de-
scribed mineralogical, geochemical and geological charac-
teristics suggest a strong affinity to the well- established
supra subduction zone ophiolites (Elthon, 1991; Pearce,
1991; Roberts, 1992). 

CONCLUSIONS

The mineralogical and chemical study of ultramafic rocks
from Nidar ophiolitic sequence has revealed various petro-
chemical processes that occurred in the upper mantle during
Cretaceous. The following conclusions can be drawn for the
genesis of ultramafic rocks of Nidar ophiolitic sequence.
1. Ultramafics (harzburgites and dunites) rocks of Nidar

ophiolitic sequence are highly refractory in character
mainly related to partial melting phenomena.

2. The chemical composition of minerals present in the ul-
tramafic rocks reveals that a percolating melt reacted
with peridotite after melting episodes. Such a melt was
rich in MgO, but poor in Al2O3, CaO and TiO2 indicating
boninitic affinity within island arc setting. The melt/peri-
dotite interaction probably produced clinopyroxene-bear-
ing spinel-dunite. 

3. As a whole, petrographic and mineral chemistry data
suggest that the ultramafic rocks of Nidar ophiolite are
formed in the fore-arc setting of supra subduction tecton-
ic environment.
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