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This communication presents results of mineral and
whole-rock geochemistry of rarely occurred dunites in
the central part of the Nagaland—Manipur Ophiolites
(NMO), North East India, and discusses their genesis
and tectonic evolution. These rocks are characterized
by low concentration of average CaO (0.58 wt%),
ALOj; (0.42 wt%) and ZREE (1.24 ppm), but high Mg#
(0.91-0.92) and Cr# (0.61-0.73) values in chromian
spinels. They exhibit a U-shaped REE pattern
depleted in MREEs, which is equivalent to dunite
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composition, possibly part of a restite peridotite which
underwent through extensive partial melting. The
estimated degree of partial melting based on chromian
spinel Cr# ranged from 20.04% to 20.70%. Low con-
centration of TiO; (0.10-0.16 wt%) in chromian spinel
in these dunites confirms no evidence of metasomat-
ism. Therefore, we propose that dunites in the NMO
represent the remnants of residual mantle wedge
which underwent extensive partial melting in a sub-
duction zone. Absence of metasomatism indicates no
melt—wall rock interaction during the process of man-
tle melting and final obduction on the surface.

Keywords: Geochemistry, dunite, forearc, ophiolite,
petrogenesis, supra-subduction.

THE mantle section in ophiolites has a multifaceted tec-
tonic history involving melt-rock reaction, partial melting
and deformation. Ophiolites can be generated in two main
tectonic settings, viz. mid-ocean ridge (MOR) spreading
centres and supra-subduction zone (SSZ) environments' .
However, in some instances, other tectonic settings of
continental margin, intraplate and volcanic-arc type can
also produce ophiolites*’. Existing theories have pro-
posed that the Nagaland—Manipur Ophiolites (NMO) in
North East India carry signatures of MOR, SSZ and
plume-type features® '’, and all these facts point out many
uncertainties in the earlier proposed petrogenetic evolu-
tion models of NMO. Continuous efforts are being made
by various workers to understand the complex geological
phenomenon involved during the process of NMO forma-
tion. One of the exciting and challenging topics in the
NMO and other ophiolites studies globally is to under-
stand the partial melting process of the mantle. Therefore,
mantle rocks preserved in ophiolites are often targeted to
extract the desired information of mantle melting. In this
communication, new results of mineral and whole-rock
chemistry derived from the representative samples of
rarely occurring dunites from the central part of the NMO
are presented. We also discuss its significance in this
particular ophiolite section.

The NMO is a dismembered ophiolite suite of the larger
Neo-tethyan ophiolite belt exposed along the Indo-
Myanmar Suture Zone which extends further south to the
Andaman Island Arc and the Indonesian Island Arc (Fig-
ure 1 a). It is composed of dismembered and imbricated
sheets of residual mantle peridotites, mafic—ultramafic
cumulates, mafic volcanic rocks dominated by basalt,
mafic dykes, plagiogranite, chromitite pods and pelagic
sediments (Figure 1 ). The NMO has thrust contact with
the Disang and Barail flysch sediments and is over-
thrusted from the east by continental metamorphic rocks.

The mantle rocks of the NMO constitute 95% of the
ophiolites record in the NMO. Common mantle rocks
available in this region are lherzolite and harzburgite,
with minor amounts of dunite and chromitite. Sparse
ultramafic—mafic cumulate (wehrlite, pyroxenite, gabbro)
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with minor mafic volcanic rocks (basalt, spilite) and
mafic dyke (dolerite) are also encountered'®*%. Podiform
chromitites are rare in the study area despite their high
economic value'*'°. Dunites in the study area are often
associated with harzburgite (Figure 2a and b). They
measured ~250 cm in length and ~105 cm in width, as
observed in the field. Our sampling site was less than 2 m
from the road and therefore we assume that large portions
of the dunites in the area were destroyed due to road con-
struction and other activities. Otherwise, the original size
of the dunites must be much larger than that observed.

Table 1. Whole-rock chemistry of representative dunite samples of
the Nagaland—Manipur Ophiolites (NMO), North East India
Sample XA/l XA/2 UT/1 uT/2 UT/3
wt%
SiO, 39.53 40.89 39.83 40.11 40.19
TiO, 0.01 0.01 0.01 0.02 0.01
Al 04 0.12 0.18 0.17 0.19 0.15
Fe,0; 7.09 6.97 6.51 6.29 6.69
MgO 45.89 44.46 45.38 45.12 4491
CaO 0.03 0.03 0.04 0.04 0.03
Na,O 0.05 0.08 0.08 0.09 0.05
K>,O 0.01 0.03 0.02 0.01 0.01
MnO 0.15 0.19 0.13 0.12 0.13
P,0s 0.01 0.01 0.02 0.01 0.01
LOI 6.63 6.98 6.98 7.96 7.28
Total 99.52 99.83 99.17 99.96 99.46
ppm
Sc 4 7 2 4 3
\% 16 13 10 13 12
Cr 2767 2271 2661 2562 2429
Co 232 276 221 272 231
Ni 2519 2486 2712 2622 2649
Cu 26 33 18 24 31
Zn 35 28 23 21 38
Rb 0.13 0.11 0.12 0.11 0.13
Sr 0.51 0.33 0.71 0.13 0.13
Y 0.1 0.11 0.12 0.13 0.13
Zr 0.11 0.16 0.12 0.13 0.13
Nb 0.12 0.13 0.11 0.12 0.12
Th 0.84 0.18 1.51 0.13 0.16
U 0.04 0.02 0.02 0.01 0.03
La 0.318 0.302 0.421 0.278 0.477
Ce 0.653 0.621 0.695 0.598 0.859
Pr 0.086 0.069 0.093 0.062 0.099
Nd 0.303 0.301 0.328 0.278 0.398
Sm 0.07 0.06 0.081 0.051 0.092
Eu 0.017 0.015 0.021 0.014 0.028
Gd 0.052 0.049 0.067 0.039 0.078
Tb 0.009 0.008 0.011 0.006 0.012
Dy 0.042 0.038 0.049 0.031 0.057
Ho 0.009 0.008 0.01 0.006 0.011
Er 0.031 0.026 0.033 0.023 0.038
Tm 0.005 0.004 0.006 0.004 0.007
Yb 0.04 0.037 0.046 0.031 0.052
Lu 0.008 0.007 0.009 0.006 0.011
La/Yb 5.703 5.855 6.565 6.433 6.580
La/Sm 2.933 3.249 3.355 3.519 3.347
Sm/Yb 1.944 1.802 1.957 1.828 1.966
Dy/Yb 0.703 0.687 0.713 0.669 0.734

CURRENT SCIENCE, VOL. 120, NO. 8, 25 APRIL 2021



RESEARCH COMMUNICATIONS

70°E 80°E 90°E 100°E
@ T T T

o P\?leo-Tethys ki =z

A i

TN "
9
AL

Y A -{30°N

“\\-k/_‘,,/'/ =

1
-]
Y Fig.1b@
a00ian INDIA / Wﬁ}x‘gk

— 3 Jat 0
Byl g [P 20N z
- Bengal > 8
X K/ |
3 i J)
LEGEND 2 / : 2
Thrust fault -, Lg )) H10N
g Strike-siip fault e
Backarc basin spreading 0
/‘/ axis INDIAN
& Ophiolites /Suture zone OCEAN . \ =
0
N
LEGEND
1 Alluvium (Post-Miocene) International boundary

Tipam Formation (Miocene) [(®m] Place
Barail Formation (Oligocene)

]

[

[] Disang Formation (Eocene) = ot
(|

[ |

=

Sample Location

abe J1ap|0

Pelagic sediments (Cretaceous)

Ophiolite (Cretaceous - Jurassic)

24°N

Nimi Formation (Pre-Mesozoic, metamorphic)
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1.27

after Cocomazzi et al.”" and the references therein).

Table 2. Representative olivine chemistry of dunite from the NMO
Sample XA/1 XA/2 UT/1 uT/2 UT/3
SiO, 39.15 40.46 39.11 40.75 38.78
TiO, 0.01 0.01 0.00 0.01 0.01
FeO 6.13 7.91 6.72 7.72 7.18
MnO 0.15 0.19 0.29 0.17 0.22
Cr,0; 0.02 0.01 0.01 0.02 0.01
MgO 53.78 51.31 52.71 51.57 53.27
CaO 0.03 0.01 0.03 0.02 0.01
Na,O 0.01 0.01 0.01 0.01 0.01
K,O 0.01 0.02 0 0.01 0
P,0s 0.04 0.03 0.01 0.04 0.02
Zn0O 0.25 0.18 0.26 0.29 0.21
Total 99.58 100.14 99.15 100.61 99.72
Oxygen 4

Si 0.951 0.984 0.960 0.986 0.949
Ti 0.000 0.000 0.000 0.000 0.000
Fe 0.139 0.161 0.138 0.156 0.147
Mn 0.003 0.004 0.006 0.003 0.005
Cr 0.000 0.000 0.000 0.000 0.000
Mg 1.947 1.861 1.929 1.860 1.944
Ca 0.001 0.000 0.001 0.001 0.000
Na 0.000 0.000 0.000 0.000 0.000
K 0.000 0.000 0.000 0.000 0.000
P 0.001 0.001 0.000 0.001 0.000
Zn 0.004 0.003 0.005 0.005 0.004
Mgt 0.933 0.920 0.933 0.932 0.930
Fo 93.348 92.039 93.324 93.155 92.969
Fa 6.652 7.961 6.676 6.845 7.031

samples contain 94-98 modal % olivine, 1-3 modal %
chrome spinels and 1-2% bastite. The unaltered olivine
crystals range from 0.02 to 0.3 mm in size and are free
from any signatures of plastic deformation and recrystal-
lization (Figure 2 ¢). Chromian spinels are unevenly dis-
tributed in the study dunites, but rarely exceed 4 modal %
of the rock (Figure 2 d) and have a reddish-brown colour.

Whole-rock chemical data (major, trace and rare earth
elements) were generated using X-ray fluorescence
(XRF) spectrometer and inductively coupled mass plasma
spectrometer (ICP-MS) at the Wadia Institute of Hima-
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layan Geology (WIHG), Dehradun, India. Analytical
precision for major elements was within £2-3% and pre-
cision for trace elements ranged between 5% and 6%.
Accuracy for rare earth element (REE) analysis ranged
between 2% and 12% and precision varied between 1%
and 8%.

Mineral chemistry for the selected dunite samples was
determined using an electron microprobe analyzer
(CAMECA SX100) with four spectrometers at the
WIHG. Spectrometer crystal configurations used during
the analyses were SP1-PET, SP2-LiF, SP3-TAP and SP4-
PET. The microprobe analyser was operated at an accele-
ration voltage of ~15kV and probe current of ~20 nA,
with a beam diameter of ~2 um. Natural materials were
used as standards and replicate analytical data of indivi-
dual points showed an analytical error of <2%. We esti-
mated Fe*" and Fe’* contents according to the charge
balance equation proposed by Droop®. Table 1 gives the
whole-rock geochemistry data of the representative
dunite samples. Tables 2 and 3 show the mineral chemi-
stry of selected olivine and chromian spinel in dunites
respectively.

Olivines in the dunite samples were Mg-rich (Fo =
92.03-93.34), significantly higher than the olivine com-
position of abyssal peridotites (Fo = 90.1-90.7) reported
from the same study area'' (Table 2). These chromian
spinels had high Cr# [Cr/(Cr + Al)] ranging from 0.67 to
0.71 and slightly lower Mg# [Mg/(Mg + Fe'?)] values of
0.51-0.54 (Table 3). FeO content ranged from 16.73 to
17.74 wt% and TiO, was low (0.10-0.16 wt%). Bulk rock
SiO, concentration in the dunites ranged between 39.53
and 40.89 wt% and they were rich in MgO (44.46—
45.89 wt%). The rocks were also depleted in Al,O3
(0.12-0.19 wt%), CaO (0.03-0.04 wt%) and TiO, (0.01-
0.02 wt%). They had a slightly U-shaped REEs pattern,
depleted in middle REEs (MREEs), which is a different
pattern from the published data of abyssal peridotites
from the NMO'' (Figure 3). We used REE data from

CURRENT SCIENCE, VOL. 120, NO. 8, 25 APRIL 2021
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Table 3. Representative chromian spinel chemistry of dunite from the NMO
Sample XA/1 XA/2 UT/1 uUT/2 UT/3
SiO, 0.04 0.02 0.01 0.02 0.03
TiO» 0.10 0.16 0.15 0.15 0.12
ALO; 14.32 14.85 16.42 14.87 15.71
Fe,0; 1.60 1.37 3.81 2.77 3.10
FeO 17.61 17.74 16.88 16.73 17.60
MnO 0.22 0.31 0.27 0.23 0.32
Cr,0s 54.72 53.99 50.41 53.27 51.64
MgO 10.59 10.42 11.18 11.25 10.72
ZnO 0.27 0.35 0.37 0.24 0.15
Total 99.47 99.21 99.50 99.53 99.39
Oxygen 32
Si 0.010 0.005 0.003 0.005 0.008
Ti 0.020 0.031 0.029 0.029 0.023
Al 4.386 4.554 4.968 4.523 4.785
Fe" 0.312 0.268 0.736 0.538 0.603
Fe™ 3.828 3.860 3.624 3.610 3.803
Mn 0.048 0.068 0.059 0.050 0.070
Cr 11.242 11.106 10.232 10.870 10.550
Mg 4.102 4.041 4278 4328 4.129
Zn 0.052 0.067 0.070 0.046 0.029
Cr# 0.719 0.709 0.673 0.706 0.688
Mgt 0.517 0.511 0.541 0.545 0.521
TiO, melt 0.179 0.259 0.247 0.247 0.207
ALO; in melt 12.003 12.185 12.701 12.191 12.471
F melt 20.706 20.564 20.042 20.521 20.260
(FeO/MgO) melt 1.378 1.429 1.279 1.232 1.381
1.0 100 <«
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Figure 5. (a) Relationship of Cr# in chromian spinel versus Fo content of olivine in the NMO dunites. Abyssal peridotite and oceanic supra-

subduction zone (SSZ) peridotite fields are after Dick and Bullen®®, and Pearce et al.**. (b) Plot of Cr# versus TiO, for chromian spinel showing
degree of melting of mantle rocks and reaction trends with boninite melts, island arc and MORB melts (fields are after Pearce ef al.**).

Voykar ophiolite and Mirdita ophiolite for compari-
son®*?_ It shows that the U-shaped REE pattern of NMO
dunite is equivalent to the residual dunite of Mirdita
ophiolite of subduction origin, but did not match with
metasomatized dunite of Voykar ophiolite (Figure 3).

CURRENT SCIENCE, VOL. 120, NO. 8, 25 APRIL 2021

Chromian spinel is one of the most significant mineral
phases in mantel rocks, which usually preserves primary
features even in completely serpentinized rocks or high-
grade metamorphism. TiO, content in chromian spinel is
considered a valuable marker to understand rock—melt
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reaction processes. Low TiO, (<0.25 wt%) is indicative
of non-metasomatism, whereas high TiO, (<0.25 wt%)
reveals high metasomatism by rock—melt reaction®®. Fig-
ure 4 show the relationship of TiO, with Cr# and Mg# for
chromian spinel of dunite samples of the NMO, and they
plot in the field of non-metasomatism. Shaded fields of
dunite and harzburgite from Oman ophiolite’” were used
for comparison. The Cr# of chromian spinel can also be
used to calculate the degree of partial melting expe-
rienced by chromian spinel-bearing peridotites™*'. Some
studies considered that the Fo content of olivine and Cr#
of chromian spinel do not alter during subsolidus recrys-
tallization®* 2. In the Fo versus Cr# plot (Figure 5 a), the
primary chromian spinels from the NMO dunite plot in
the forearc peridotite field, signifying that the studied du-
nites originated in an arc tectonic setting. This interpreta-
tion is further supported by the Cr# and TiO, (wt%)
relationship (Figure 5 b). Since TiO, is extremely low in
arc/back-arc magma, intermediate immature mid-oceanic
ridge magma and high in intraplate magma, the low TiO,
concentration — less than 0.2 wt% in chromian spinels —
indicates that these studied dunites are the residual pro-
duct of a subduction zone partial melting®. The high Fo
(92.96-93.34) and low CaO (<0.03 wt%) concentration in
olivine are also suggestive of residual dunite.

Al content of melt from which chromian spinels were
estimated using the equation proposed by Maurel and
Maurel**. This equation is formulated based on the obser-
vation that Al,O; (wt%) in spinel is a function of Al,O;
(wt%) in the melt. The calculated melt composition has

20 High-Al chromitite Fertile mantle peridotite
B (Gonzalez-Jimenz et al. 2011) (Marchesi et al., 2010)
Increasing degree
B of partial melting \
& High-Al Cr-Spinel
Py Singh et al., 2017
< 15[ : Tz (sing )
) I High-Cr chromitite
‘§ (Ravikant 2004) High-Al chromitite
= B Azimzadeh et al. 2011
= Z 4N ( )
0 -
13 HighiCr chromilite Regression line
c 101 Gonzaleg-Jimenzet al. 2011) MORB
- - (Rollinson 2008)
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— Ghosh 2009)
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I |
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— R oy Chrofnitites frori Oman
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Figure 6. Compositional relationship of Al,O; spinel versus Al,O;-

melt of the NMO dunites (after Rollinson*). Calculated melt composi-
tions from the high-Al and high-Cr chromitites from the Nidar
ophiolites, Western Himalaya”; Rutland ophiolites, Andaman®®;
NMO?*; Oman ophiolites®’; Khoy ophiolites’” and Mayari—Cristal
Ophiolite, Eastern Cuba*' are shown for comparison.
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Al,O3 content of 12.003—12.701. The FeO/MgO ratio of
the melt from which chromite is crystallized can be
calculated using the following equation of Maurel and
Maurel™.  {In(FeO/MgO)spinet} = {0.47-1.07 Al#gpine +
0.64Fe>" #spinet + Ln(FeO/MgO)eri}, where  Al#gping =
Al/(Al+ Cr+Fe’") and Fe''#gyina = Fe* /(AL + Cr + Fe™™).
It is observed that the composition of the melts parental
to the chromian spinels resembles boninitic compositions
(ALOsmer = 10.6-14.4 Wt%;  FeO/MgOer = 0.7—1.4)%
and is different from the MORB parental melt
(ALOsper = 14—16 wWt%)*>. The estimated values of Al,O
(12.00-12.70 wt%) and FeO/MgO ratio (1.23-1.42), sug-
gest their genetic linkage with a depleted mantle source
(Table 3). Figure 6 shows Al,O; concentration of the melt
in equilibrium with chromian spinels in dunites studied
with regression lines obtained using the reported data on
chromite-melt inclusions in MORB and arc lavas®®*’. The
range of chromian spinels and the estimated melt compo-
sitions from the high-Al chromitite and high-Cr chromi-
tite from the Nidar ophiolites, Western Himalaya®®;
Rutland ophiolites, Andaman®’; the NMO*’; Oman ophi-
olites*®; Khoy ophiolites*' and Mayari-Cristal Ophiolite,
Eastern Cuba*” are shown for comparison. The composi-
tional gap between the high-Al chrome-spinels reported
from peridotites of the NMO'** and high-Cr chromian
spinels from the dunites of the NMO, together with the
calculated compositions of the parental magmas, suggest
that this studied chromian spinels did not originate from
the same magma source.

The degree of mantle melting for the dunites studied
was also calculated using the equation of Hellebrand et
al’': [F =10 x In(Cr#) + 24]), and the Cr# in the chrome
spinels of the dunites corresponded to a melting degree of
20.04-20.70% (Table 3). Using the partial melting equa-
tion proposed by Hellebrand er al.*', we estimated high-
degree melting (~20%; Table 3) of these dunites. These
data show that the NMO dunites are the residue of peri-
dotites that underwent extensive melting in the presence
of water.

Therefore, based on our results of mineral and bulk
rock geochemistry, we propose that dunites in the NMO
are residual mantle section of extensive partial melting in
the mantle wedge of a subduction zone. Low TiO, and
high Mg# in chrome spinels suggest the absence of meta-
somatism, which indicates no melt-rock interaction had
occurred during the partial melting process and emplace-
ment. The absence of metasomatism is also supported by
a depleted MREE pattern similar to non-metasomatic
dunites of other ophiolites. In conclusion, although the
NMO shows ample evidence for MORB—-plume inter-
action, the presence of dunites is key evidence for
subduction zone extensive partial melting.
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Food plasticity for mating and
reproductive success in Propylea
dissecta (Mulsant) (Coleoptera:
Coccinellidae)

Priya Singh, Geetanjali Mishra and Omkar*

Ladybird Research Laboratory, Department of Zoology,
University of Lucknow, Lucknow 226 007, India

Food supply at each life stage is of prime importance
that determines the organism’s fitness and also influ-
ences individual’s reproductive performance and
development. In this contest, we assessed the inter-
active effect of both larval and adult food regimes in
Propylea dissecta (Mulsant) individuals. For this, egg
batches were randomly selected and hatched larvae
(larval diet) were reared into two food regimes, abun-
dant (A) and scarce (S) till pupation. Post-emergence
(adult stage) the ladybird beetles of each food regime
were divided into two groups, abundant and scarce
and at the age of 10 days adults were paired in all
possible combinations. The results showed that indi-
viduals that were reared on abundant food mated for
longer and showed higher reproductive output than
other individuals. The adults provided with scarce and
abundant food regime both irrespective of life stages
showed similar mating durations and reproductive
output. Food supply at larval and adult stages in both
sexes plays important role in determining the repro-
ductive success.

Keywords:
tion, viability.

Fecundity, food supply, ladybird, reproduc-

THE distribution and allocation of resources has critical
consequences on individual’s development and growth' ™.
In particular, the accessibility of adequate food supply is
one of the prime factors modifying growth of organism,
development and reproduction in animals* .

Food quality and quantity can fluctuate extensively in
different landscapes’ and food shortage during larval
development increases the duration of development. Food
scarcity also decreases organisms growth rate and body
mass as well as modifies the individuals reproductive
output in later lives™*”.

Earlier studies have reported that both larval and adult
stages of ladybird beetles have potential to survive in pro-
longed food stress conditions'™'", but their reproductive
performance might be a constraint in comparison to
adults given opportunity to feed on ad [libitum aphid
supply'*'*. Few more studies have found that the food
available to coccinellid larvae has a direct influence on
the reproductive fitness of the resulting adults'* . Dixon
and Guo'” suggested that this may be the result of food

*For correspondence. (e-mail: omkar.lkouniv@gmail.com)
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