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The Almora nappe in the Kumaun Lesser Himalaya (KLH) is mainly composed of Saryu Formation,
Gumalikhet Formation and Cambrian felsic intrusives. Zircons from a paragneiss, exposed near Kwarab
along Sualbari—-Almora transect, of Saryu Formation, are subjected to U-Pb geochronology in order to
delineate the timing of tectono-thermal events and its implication on pre-Himalayan orogenic cycle.
Zircon rims developed over Neoarchean—Paleoproterozoic zircon cores record U-Pb ages which broadly
correspond to three major pre-Himalayan tectono-thermal (metamorphic) events, early Paleozoic, late
Paleozoic and early Triassic. These protracted thermal imprints likely represent the metamorphic epi-
sodes experienced by the rocks of Almora nappe. The observed early Triassic rim ages of zircons from
paragneiss are very well correlatable with the opening-closure of the Palaeo-Tethys Ocean.
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1. Introduction

The Himalayan orogeny-related tectono-thermal
(metamorphic) events have been recorded on a
vast scale during the Tertiary period in response
to regional crustal shortening and tectonic bur-
ial (Godin 2003). The implication of Himalayan
metamorphism on the geodynamic evolution of
Himalaya has been described by a number of
workers (Gehrels et al. 2006 and references
therein). Although the pre-Himalayan tectono-
magmatic and metamorphic records particularly
during the Paleozoic in the Himalaya are wide-
spread (Gehrels et al. 2006; Bhargava et al.
2016), the still younger pre-Himalayan tectono-
thermal (metamorphic) records are yet to be
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construed because of the fact that the Pre-
Himalayan architecture of northern Indian block
(NIB) has had very close proximity to the
Proto-Tethyan ocean (e.g., Song et al. 2020). A
number of tectono-magmatic and metamorphic
thermal events have equally participated in the
episodic crustal growth of East Gondwana.
However, no reasonable attempt has been made
so far in this regard. In this paper, we report for
the first time U-Pb zircon geochronologic data
from a paragneiss of Almora nappe, Kumaun
Lesser Himalaya, India in order to delineate the
timing of pre-Himalayan tectono-thermal
(metamorphic) events and its possible implication
on understanding the pre-Himalayan orogenic
cycles.
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2. Geological background

The Main Central Thrust (MCT) bounds the
Lesser Himalayan Belt (LHB) in the north and Main
Boundary Thrust (MBT) in the south (figure 1a).
The LHB marks the presence of numerous thrust
sheets (nappes) and klippen. The Almora nappe is
one of the largest Himalayan nappes, which lies in
the Kumaun Lesser Himalaya extending from
Western Nayar to Kali and farther east through
Dadeldhura area of western Nepal (Valdiya 1980).
Two tectonic units are part of the Almora nappe,
viz., the Ramgarh nappe, and the tectonically
overlying Almora nappe (e.g., Joshi and Tiwari
2009; Patel et al. 2015). The rocks within the
Almora nappe, known as Almora Group, are divi-
ded into lower Saryu Formation, intrusive granite
and granite gneiss, and Gumalikhet Formation
(Valdiya 1980). The Saryu Formation is intruded
by Cambro-Ordovician granites and granite
gneisses in the Champawat and Almora regions
(Trivedi et al. 1984). The felsic intrusions of similar
age also occur in the Dadeldhura nappe in the
Nepal, considered as an eastern extension of
Almora nappe (Gehrels et al. 2006).

A total of four metamorphic zones related to
pre-Himalayan regional metamorphism has been
recognized from the metapelites of Saryu
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Formation exposed along the Chhara—Someshwar
transect (Joshi and Tiwari 2009) (figure 1b). The
pre-Himalayan thermal events are responsible for
developing these four metamorphic zones. Based
on critical mineral assemblages, the recognized
metamorphic zones are chlorite-biotite (zone I),
garnet—biotite (zone II), kyanite—biotite (zone III)
and sillimanite-K-feldspar (zone IV) (Joshi and
Tiwari 2009).

3. Material and methods

A paragneiss sample (AMGn-1) is selected from
close to Kwarab area along the Bhowali-Almora
road (figure 1b). Zircons were separated from this
sample following a conventional method of crush-
ing, magnetic, and heavy liquid separation. Zircons
were handpicked under a binocular microscope
at National Facility on Low-temperature Ther-
mochronology (Fission Track Dating), Kuruk-
shetra University, Kurukshetra. Approximately
100 zircon grains were mounted on an adhesive
tape, enclosed in the epoxy resin, and polished.
Zircon morphology was documented under trans-
mitted and reflected light. The internal structures
of zircons were examined using cathode-lumines-
cence (CL) image technique at State Key
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Figure 1. (a) Part of the geological map of Kumaun Lesser Himalaya (after Valdiya 1980). (b) Lithotectonic units along part of
the Chhara-Kakrighat—-Hawalabagh—Someshwar transect as shown by Joshi and Tiwari (2009).
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Laboratory for Mineral Deposits Research, Nanjing
University, China.

The inclusion-free zircon spots were targeted for
U-Th-Pb isotope analysis using an Agilent 7500a
ICP-MS equipped with a New Wave 213 nm laser,
installed at State Key Laboratory of Mineral
Deposits Research, Nanjing University, China fol-
lowing the procedure described by Jackson et al.
(2004). A laser beam diameter of 25 pm, 5 Hz
repetition rate, and energy of 10-20 J /cm2 were
used for the isotope measurements. Data acquisi-
tion for each analysis took 100 s (40 s on the
background and 60 s on signal). The 2°°Pb, 2°Pb,
208pY,, 232Th, and #*®U isotopes were analyzed with
a dwell time on each isotope of 15, 30, 10, 10, and
15 ms. Zircon GJ-1 was used as an external stan-
dard for mass bias and instrument drift correction.
Well-characterized Mud Tank (MT) zircon was
analyzed to monitor the consistency and solidity of
equipment. The weighted mean U-Pb ages, con-
cordia plots, and KDE (Kernel density estimate)
were processed using IsoplotR software (Ver-
meesch 2018).

4. Results

Zircons from a paragneiss (AMGGn-1) are euhe-
dral, elongated, elliptical, and translucent without
any radial centre, and vary commonly in size from
a few tens of micrometers to several hundred
micrometers. Almost all the zircons show promi-
nent bright coloured core and dark coloured rims in
CL images. Most zircon cores are euhedral and
oscillatory zoned, whereas the rims are usually
devoid of zoning (figure 2a~d). The width of the
zircon rims varies widely mostly having Th/
U < 0.1, while the rims generally have Th/U > 0.1
(table 1). The observed CL images and Th/U ratios
of zircons from the paragneiss indicate magmatic
cores and metamorphic rims (e.g., Corfu et al
2003).

A total of 30 zircon spots were analyzed from a
paragneiss (AMGGn-1) and U-Th-Pb isotopic
results are summarized in table 1. Eleven darker
rims and nineteen brighter cores were targeted for
isotope determination. Out of 19 magmatic zircon
cores, four spots produced 207Pb/ 206ph concordant
Neoarchean to Paleoproterozoic ages ranging from
~2554 to 1806 Ma (table 1; figure 2b). From the
remaining 15 zircon cores, 13 yielded *°°Pb/***U
concordant Mesoproterozoic to Neoproterozoic
ages varying from ~1126 to 664 Ma (table 1;
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figure 2d). Unlike older magmatic zircon cores,
metamorphic zircon rims are Paleozoic to early
Triassic. Out of 11 zircon rims, six zircon rim spots
portray concordant age at 490.21 £+ 1.29 Ma
(MSWD = 0.29). However, from rest of the five
zircon rim, four spots produced concordant
200py, /238U ages varying from ~423 to 245 Ma
(table 1; figure 2c).

5. Discussion and conclusions

This study reports zircon rim (metamorphic) with
concordia age at 490.21 +1.29 Ma (n =6,
MSWD = 0.29), and even still younger concordant
late Paleozoic to early Triassic ages (~423-245
Ma) of zircon rims can also be recorded (figure 2c¢
and table 1) from the studied paragneiss of Almora
nappe. However, the zircon magmatic cores have
yielded concordant Neoarchean to Paleoprotero-
zoic ages (figure 2b, d; table 1). The record of early
Paleozoic metamorphism in the Himachal Lesser
Himalaya has already been reported from Naura
Formation of the Jutogh Group (Bhargava et al.
2016). The present study reports for the first time
the record of pre-Himalayan metamorphic events
imprinted on the zircon rims of the paragneiss from
Almora nappe. Bhargava et al. (2016) have dated
two garnet crystals using Sm—Nd isotopic method
and assigned 479.7 &+ 8.5 Ma of metamorphism,
which is correlatable well with the observed
490.21 + 1.29 Ma of zircon metamorphic rims in
the paragneiss. Additionally the zircon rims from
Almora paragneiss recorded a number of still
younger late Paleozoic—early Triassic ages (ca.
423-245 Ma). It is, therefore, proposed that the
protracted thermal events (Paleozoic—early Meso-
zoic) leading to metamorphism operated during the
pre-Himalayan orogenic cycle. The observed ~ 490
Ma old metamorphic zircon rims represent the
most prominent tectono-thermal phase, which
coincides well with the global Pan-African—India
related thermal events forming a felsic magmatic
belt widespread in the Lesser Himalaya of India,
Nepal and Bhutan (Gehrels et al. 2006; Bhargava
et al. 2016). About 490 Ma old vast felsic magma-
tism not only developed contact metamorphic
aureoles on the country rocks, rather it was equally
responsible for early Paleozoic regional metamor-
phism in the LHB. Yet the recorded younger
metamorphic ages (Paleozoic to early Triassic) of
zircon rims may have consequently imposed a
regional effect.
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Interestingly, Himalayan orogeny-related ther-
mal record is not imprinted on the zircons of
paragneiss, which could be because of development
of less prominent zircon rims during the Himalayan
orogenesis, and the zircon rims <20 pum cannot be
targeted for in-situ isotope determination using
LA-ICP-MS. It is likely that the P-T conditions
acted upon the Almora paragneiss during the
Himalayan orogeny were not so pertinent to
develop prominent metamorphic rims over the
zircons of paragneiss. Mandal et al. (2014) have
dated the detrital zircons from a thin-bedded
quartzite horizon of lower Saryu Formation and a
thick-bedded quartzite of upper Gumalikhet For-
mation. They found that the ages of detrital zircons
from lower Saryu Formation vary between ~ 2526
and 703 Ma, whereas the ages of detrital zircons
from Gumalikhet Formation vary between ~ 3873
and 538 Ma. A comparative KDE plot of zircon
cores from Almora paragneiss (present study) and
detrital zircons of lower Saryu Formation (Mandal
et al. 2014) provide more-or-less similar age spectra
and peaks (figure 2e and f). Since both have shown
Neoarchean—Paleoproterozoic age spectra, and
hence it is more likely that the rocks of lower Saryu
Formation might have acted as probable protolith
of the Almora paragneiss.

5.1 Implication for late Paleozoic—early Triassic
tectonics of FEast Gondwana

The East Gondwana mainly comprises India,
Australia, and East Antarctic, and several other
small China and Indo-China blocks (e.g., Metcalfe
2013). During the period of successive opening and
closure of three intervening Tethyan seas, the
Palaeo-Tethys (Devonian-Triassic), Meso-Tethys
(late to early Permian-late Cretaceous), and Ceno-
Tethys (late Triassic-late Cretaceous), the diver-
gence and northward movement of the numerous
continental terranes/blocks from Gondwana took
place (Metcalfe 2013). More recently, Song et al.
(2020) have discovered younger detrital zircons
(223-273 Ma) from late Paleozoic to Triassic sed-
imentary rocks of Gongshan—Baoshan Block in the
SE Tibet. They suggested the timing of subduction
of the Paleo-Tethys Ocean, which was initiated at
~273 Ma and closed at ~223 Ma. Kumar et al.
(2017) have also found the Permo-Triassic thermal
record on the zircon of Cambrian felsic intrusives
from the Shillong plateau. The sporadic records of
protracted thermal imprints (Paleozoic-Triassic)
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on the rocks of Lesser Himalayan and adjoining
terrains should have been linked with the Neo-
Tethys rifting and break-off of Cimmerian terranes
around the Artinskian stage which started earlier
prior to the closure of Paleo-Tethys (280 Ma—290
Ma) (Angiolini et al. 2015).

The observed younger zircon rims (~ 245 to 301
Ma) in the present study appear to be swayed from
opening and closure of the Palaeo-Tethys Ocean. It
is therefore proposed that the Lesser Himalayan
rocks were also affected thermally to a certain
extent during the opening and closure of Palaeo-
Tethys Ocean. However, to make any conclusive
remark on the East Gondwana episodic crustal
growth and its thermal records, a detailed tectono-
metamorphic investigation on the rocks of Lesser
Himalayan Belt is required.
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