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Abstract

82 publications by Indian geoscientists pertaining to the Proterozoic—Phanerozoic have come out during the last four years
(2020-2024). Guide Books for the IGC 2020, GSI publication on the Precambrian sequences and a publication on the evolu-
tion of the Lesser Himalaya provide glimpses of regional geology. Other publications deal with geochemistry, sedimentology,
isotope geology, palaeontology, and stratigraphy. A succinct summary of the publications is presented with short comments

where necessary.
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Introduction

The Precambrian sequences are dominant in the Lesser
Himalaya, whereas the Palaeozoic and Mesozoic succes-
sions are only marginally developed. The Palaeozoic and
Mesozoic sediments are conspicuous in the Tethyan part.
The Paleogene and the Neogene (Siwalik) sequences are
mainly preserved in the Sub-Himalaya—more prominently
in the western sector. This status paper computes the con-
tributions by Indian geoscientists between 2020 and 2024.
During this time interval, a large number of publications
relate to geochronology and geochemistry as it is so easy to
collect a few rocks in the field, get isotopic age data (easy
with an ICP-MS which can produce hundreds of zircon
dates a day), and then the computer plots them out almost
automatically. It is easy to computerize isotopic age and
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geochemical data, but difficult, or often impossible, to com-
puterize the complexity of deformed rocks. Mere zircon ages
and geochemical data alone divorced from complex struc-
tural relationship cannot sort out the geological history. It
takes a relatively long time to walk and map the geology and
structures of an area/region, which not many are willing to
do. Elaborate models have been proposed based on lab data
which lacked proper understanding of the regional complex
geological setup.

There are several examples, where the sequences have
been wrongly identified (see Bhargava et al. 2021). The
term ‘Chail” has been used indiscriminately in several pub-
lications. Chail originally in the ‘Simla Hills’ (Srikantia
and Bhargava 2021 and references therein) was tagged to
two sequences (i) above the Shali and below the “Simla
Slates”, (ii) above the “Simla Slates” and below the Jutogh
(i.e. the Chail type area), and by subsequent workers to all
the low-grade metamorphic rocks regardless of their tec-
tonic or stratigraphic positions e.g. rocks in the Kullu area
with ~ 1860 Ma gneiss. The first one has been found to be a
part of the Simla Group and the second of the ‘type section’
is the undifferentiated Jaunsar Group. The Kulu rocks with
gneiss are explicitly different from the Chail of the type area
and occupy a tectonic position above it. The Kulu Group is
divided into three formations (Srikantia and Bhargava 2021,
and references therein). The use of this controversial term,
thus without specifying its tectonic or stratigraphic conno-
tation is meaningless. The term “Chail” has been used as
‘waste-paper-basket’ term. Such indiscriminate uses are: (i)
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due to a lack of knowledge of the field geology, and (ii)
ignoring previous publications.

Unless precise stratigraphic and tectonic positions of
samples for lab studies are specified, the ensuing results
may be dubious. It is all the more important in the Hima-
laya where tectonic slivers/slices are involved at different
structural levels. The wrong label to a sequence, overlook-
ing the detailed contents of the sequence, leads to errone-
ous modelling/interpretation amounting to pollution of the
database. It is incumbent that the person collecting samples
for laboratory studies should well acquaint himself with the
detailed geological complexities of the area.

The guidebooks issued for the IGC 2020 provide updated
information on most of the sequences. The relevant ones
are (i) Renuka-Rudraprayag (Singh et al. 2020a, b, ¢, d), (ii)
Himachal part (Bhargava et al. 2020), (iii) Pre-Himalayan
metamorphism (Saini et al. 2020), (iv) Alaknanda-Dhauli-
ganga (Jain et al. 2020a, b), and (v) Nainital-Nepal (Dhital
and Dubey 2020).

Besides the guidebooks, another three publications that
deal with the regional setup are: (i) Jain et al. (2020a, b)
summarised the detailed account of the geological and geo-
physical aspects of the Himalaya (ii) Bhargava et al. (2021)
provided a detailed review of the pre-Cenozoic sequences
of the Lesser Himalaya, (iii) Geological Survey of India
published (Anon. 2022) an account of the Precambrian of
the Extra-Peninsula and (iv) Chakrabarti (2023) discussed
in detail the Precambrian sequences and tectonics in the
Himalaya.

Jain and Mukherjee (2023) highlighted the age differ-
ence in the Inner and Outer Lesser Himalaya delimited by
Tons-Shumar-Daling Thrust. The Inner Lesser Himalaya ter-
rain represents the main magmatic arc and back-arc basin
of the Columbia Supercontinent, while the Outer Lesser
Himalaya terrain formed the back-arc basin of the Rodinia
Supercontinent.

Bhargava (2023) listed unresolved problems under strati-
graphic ages, basin configuration, palacontology, sedimen-
tology, tectonics, structure, magmatism, geochronology,
metamorphism, mineral modelling, paleomagnetism, glaci-
ology and geomorphology in the Himalaya that need to be
addressed.

Shah (2022) dealing with Palaeozoic—Mesozoic basins
opined that there was no barrier separating the Tethys from
the Lesser Himalaya and the Peninsular India prior to the
Himalayan orogeny. The Lesser Himalaya and the Tethyan
Himalaya respectively represented the proximal and distal
parts of the same basin. The transgressions were mainly
restricted to the Tethyan part. The Tethyan basin, according
to him, formed an unstable shelf occupying an epi-continen-
tal position till the Carboniferous. From Permian onwards,
the Tethys changed to an ocean after the separation of the
Lhasa block from India. The Tethyan transgression resulted

in a thick Triassic succession with some periodic breaks
in the Jurassic times. Middle Jurassic onwards the Indian
Ocean opened up.

A gist of publications spanning the 2020-2023 period are
arranged age and date-wise.

Precambrian

Kumar et al. (2020) updated the data pertaining to the Pro-
terozoic sedimentary sequences of the Himalaya. The Geo-
logical Survey of India (Anon 2022) updated information on
the Precambrian of the Himalaya.

Paleoproterozoic

Hifzurrahman et al.’s (2021) study of the Wangtu Gneissic
Complex suggested the north Indian continental margin
as an active subduction zone during the Columbia that
extended across the Himalayas.

Rana et al. (2021) studied the natural graphitic carbo-
naceous material (GCM) distributed in the metasedimen-
tary and crystalline rocks of the Larji and “Chail” of the
Larji—-Rampur tectonic window. Overall, the carbon isotope
compositions of the GCM from the Larji—Rampur window
reflect diversity in carbon source and mixing of carbon res-
ervoirs, which may be explained by the Proterozoic marine
carbon cycling. These authors used the term ‘Chail’ for the
Kulu Group rocks, which are drastically different from the
Chail in lithostratigraphic and tectonic contents of the type
area.

Hifzurrahman et al. (2023), based on geochemical stud-
ies, suggested active margin setting and Archaean to post-
Archaean rocks as provenance for the “Jutogh Metasedi-
ments” which according to them are exposed in a window!
The Jutogh Group, as originally defined, is a prominent
thrust sheet and has a well-defined lithostratigraphy and
tectonic position (Bhargava et al. 2020; Srikantia and Bhar-
gava 2021). The samples collected by Hifzurrahman et al.
(2023) are from the Jeori-Wangtu-Bandal Gneissic Complex
(Bhargava et al. 2021, and references therein), which is non-
conformably overlain by the Rampur Group deposited in a
rifted basin (Bhargava et al. 2021, and references therein).
Nowhere any sequence even remotely resembling the Jutogh
Group is present in this window. The granite in the window
is 1860 Ma old, whereas the Chaur Granite associated with
the Jutogh metasediments is ~ 835 Ma. Not by any stretch
of the imagination, the metasediments within the Rampur
window can be correlated with those of the Jutogh Group.
It is a classic case of wrong labelling.

Singh et al. (2021a, b, 2023a, b, c, d) prepared two
guidebooks for the Mandi-Kullu-Manali and Mandi-
Kataula-Bajaura transects of Himachal Pradesh. Their
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study suggested that the southern and northern limbs of the
Pandoh syncline reached up to the garnet grade of meta-
morphism (garnet size 0.5 mm-5 mm), while the core part
showed the biotite grade.

Neoproterozoic

Thorie et al. (2020) identified peritidal, lagoonal, barrier
island /ooidal shoal, reef complex, and forereef facies asso-
ciations in the Kunihar Formation (Simla Group), which
were laid in a proximal siliciclastic peritidal shelf and a
distal carbonate reef rimmed shelf. The deposition ensued
during a transgression and the sediments were subjected
to strong wave and tidal energy. Consequent sea level rise,
and decreased detrital influx promoted prolific stromatolitic
growth under warm climatic conditions. Increased silici-
clastic input in the terminal part of the formation ended the
carbonate sedimentation, which was followed by the pro-
grading deltaic deposits of the Chhaosa Formation. Most
reef-rimmed shelves developed during the Ediacaran Period,
the Kunihar is the only example of a reef-rimmed shelf from
the Tonian Period.

Khullar et al. (2020) reported low total organic carbon
(TOC) and low total sulphur (TS) values suggesting oxic
bottom waters during the deposition of the Zor diamictite
of the Ramsu Formation. The palynomorph assemblage rep-
resented by Leiosphaeridia spp., Kildinosphaera verrucata,
Trachyhystrichosphaera sp., filamentous cyanophyte Taenia-
tum sp., the clusters of simple, spheroidal forms Myxococ-
coides sp., and cyanobacteria Synsphaeridium sp., suggested
a Neoproterozoic age for the Zor diamictite.

Singh et al. (2020a, b, c, d) generated whole-rock geo-
chemical data of six samples and U-Pb (zircon) geochronol-
ogy of two different granites of the Chaur Granitoid Com-
plex (CGC) and one granitic gneiss sample of the Jutogh
Group. U-Pb (zircon) geochronological age populations
from all the granitoid samples yielded ages between 766 and
1080 Ma with a few younger phases and older inherited ages.
U-Pb (zircon) ages, out of two samples of the CGC, one
sample gave two prominent age spectra for 2°°Pb/?*8U with
a weighted mean age of 826 +4.97/9.74 Ma, MSWD =0.65,
n=238) and 868 +6.21/12.17 Ma, MSWD =1.28, n="7).
Another granite of CGC gave the weighted mean age of
929 +6.48/12.70 Ma (MSWD =1.28, n=11). The gra-
nitic gneiss of the Jutogh Group also gave two prominent
age spectra for 2°°Pb/>*®U, with a weighted mean age of
861 +£8.27/16.21 Ma MSWD =0.31, n=10) and 932 +
10.0/19.6 Ma (MSWD =1.57, n=38).

The geochemical data mustered by Singh et al. (2020a,
b, ¢, d) showed calc-alkaline composition and suggested a
subduction-related accretion setup. The whole-rock geo-
chemical data advocated that three samples possibly came
from the same magma source during the Neoproterozoic
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magmatic events in the northern marginal part of the Indian
plate. The whole process indicated that the subduction of
unknown microcontinent under the Indian plate might be
correlated with the assembly of the Rodinia supercontinent
during the Neoproterozoic.

Ahmad et al. (2021) studied 2.1-1.8 Ga tholeiites in
the Garhwal and Himachal regions. These rocks depict
enriched rare earth elements, large ion lithophile elements,
and depleted high field strength elements, generated towards
the plume margins with the development of rift valleys.

Joshi et al. (2021) suggested a passive margin deposi-
tional setting with arc-derived sources for the Chail and
Shimla (Sic) meta-sediments. The REE patterns indicated
similarities between these metasediments with TTG gneisses
and sanukitoids from the Aravalli and Bundelkhand Cratons,
as well as the Chaur granitoids of the Jutogh Group, which
could be potential sources of these meta-sediments. The con-
clusion is also suggested by the Dz age distribution from the
Beas-Satluj-Pabbar valleys and Shimla (Sic) Group.

Mazumdar et al. (2021a) found the Chhaosa Formation
(Simla Group) to represent a sand-rich mixed-energy delta
system with a delta plain, delta front in a prodelta—aggra-
dational-progradational staking patterned depositional
environment. The qualitative sand body heterogeneity,
sand-shale ratio, and sedimentary structures elucidated a
tide-dominated (40%) delta system where the wave (30%)
and fluvial (27%) currents were secondary and tertiary pro-
cesses. The vertical and spatial stacking pattern of the delta
deposits and the resulting coastline trajectory defined the
development of HST. The upper intervals of HST deposits
along and erosive were overlain by LST deposits in almost
all upper stratigraphic levels.

The Sanjauli conglomeratic-sandy litho-successions
overlie the inferred Chhaosa mixed-energy delta deposits
in the southwestern part of the Simla Basin, which wit-
nessed strong fluvial currents. The facies assemblages of
the Sanjauli braided fluvial system do not fit into any of
the known classic fluvial vertical profile models (Mazumdar
et al. 2021a).

The geochemical studies of the siliciclastics of the Chha-
osa and Sanjauli formations by Mazumdar et al. (2021b)
revealed a provenance of mixed intermediate-felsic rocks
located in a stable cratonic and recycled orogenic terrain. A
warm and humid to semi-arid climate with moderate to high
weathering intensity helped the deposition of these mature
sediments. The ratios of Ni/Co, Cu/Zn, V/Cr, and authigenic
U and U/Th, suggested aerobic conditions during the depo-
sition of the Chhaosa delta system. It supported paleo-oxic
conditions during the Neoproterozoic era.

Thorie et al. (2020, 2022) recorded abundant microbial
imprints in the form of stromatolites, microbially induced
sedimentary structures, ooids, and giantooids in the Kunihar
Formation (Simla Group). Ooimmuration of stromatolites




Proceedings of the Indian National Science Academy (2024) 90:304-318

307

and ooid clasts acted as a mechanism for the preservation
of microbial imprints in the regenerated ooids. The ooids
reflect a microbial origin of the regenerated ooid cortexes
as well as the nuclei of the regenerated ooids (Fig. 1). The
giant ooids of the Kunihar Formation are as large as 24 mm
in diameter—the largest ooid size when compared to the
global Proterozoic records. The increase in microbial growth
is attributed to the nutrient enrichment of the Simla basin
through chemical weathering of the underlying tholeiitic
Darla Volcanics, which was emplaced as a consequence of
the rifting of the supercontinent Rodinia.

Negi et al. (2022) based on the U-Pb chronology of
DZ and radiogenic isotopic composition (87Sr/86Sr, eNd)
assigned ~ 850 Ma age to the Rautgara Formation. A similar
age for the Rautgara was also determined by Célérier et al.
(2009). According to Negi et al. (2022) more negative ENd
values along with dominance of Neoarchean-Palaeopro-
terozoic ages in “Inner Lesser Himalaya (ILH)” indicated
supply from more evolved protolith or recycled sources and
less negative ENd values with major Neoproterozoic zircon
ages from the “Outer Lesser Himalaya (OLH)” supported
for less evolved source rock. They regarded the Tons Thrust
to demarcate the boundary between the ILH and OLH. The
Tons Thrust is folded in an antiform framing the Deoban
Group in the core of which the Paleoproterozoic Dharagad
Group (=Rampur Group) is exposed (Srikantia and Bhar-
gava 2021); thus the demarcation of OLH and ILH seems
arbitrary and vague. These authors also dated the Chand-
pur and Nagthat formations as ~886 Ma and ~ 750-860 Ma
respectively.

Earlier, the Rautgara Formation was dated at<1.6 Ga,
which occurs stratigraphically below the Mesoprotero-
zoic Deoban. Thus there is little chance of the underlying

Fig.1 Ooidal grainstone, Kunihar Formation, Sherpur, Dist Solan.
Note compound ooids and fenestral fabric. Photo: Thorie

sequence being ~850 Ma old. Conflicting dates of rocks
arise due to the wrong correlation of similar-looking
sequences, ignoring their tectonic position and characteris-
tic lithostratigraphy. The original name Rautgara was given
to the sequence below the Deoban Group, the younger age
must be from a similar-looking sequence resting above the
Deoban, which should be named either as the Simla Group
or given a new name with a detailed definition.

Ray et al. (2022) inferred that the Jaunsar Group derived
its sediments from the Aravalli-Delhi Supergroup, the
Banded Gneissic Complex (BGC) and Bundelkhand Granite
(BG). According to them the sedimentation continued in the
NW sector all through the ages of the Columbian until the
gradual breakup of the Rodinia supercontinent.

Singh et al. (2023a, b, c, d) based on the geochemistry of
the Jutogh Group and granitoids suggested that the northern
edge of the Indian plate collided with an unnamed micro-
continent. In a contemporaneous process, the upper crust on
partial melting generated magma that intruded in an exten-
sional tectonic setup into the Jutogh and Vaikrita thrust
sheets during the Neoproterozoic. The magmatic nature of
zircons, with two peaks of ~ 825 Ma and ~ 910 Ma, suggests
episodic magmatic processes. This study revealed that the
metasedimentary sequence of the Higher Himalayan Crys-
talline Sequence was deposited in an active margin setup of
the northern edge of the Indian plate.

Cryogenian

Dey et al. (2020) regarded two levels of diamictites of the
Blaini Formation due to tectonic repetition. They interpreted
the Blaini diamictites to represent fan lobes along fault
scarps in a rift setting deposited as subaqueous turbiditic
debris flows and consider the cap carbonate associated with
stromatolites as calciturbidites.

Ediacaran

Joshi et al. (2022) suggested fossiliferous chert of the Edi-
acaran Infra Krol was deposited in a marginal sea within
a continental slope. The chert was formed by silicification
of precursor calcite nodules. The silicification was due to
changes in pH-redox.

Xiao et al. (2022) described Acritarch biostratigraphic
and 8'3C chemostratigraphic data from the Krol A Forma-
tion of the Solan area, which have been integrated to attempt
inter-basinal correlation of early-middle Ediacaran strata.
More than a dozen species of acanthomorphs, including
two new species—Cavaspina tiwariae and Dictyotidium
grazhdankinii and numerous other microfossils have been
recorded. Infra-Krol acanthomorphs supported a correlation
with the earliest Doushantuo biozone. The Krol A microfos-
sils indicated a correlation with the second or (more likely,
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when 8'3C data are considered) the third biozone in the
lower Doushantuo Krol A Formation. The association of
acanthomorphs with EN2 in the Krol Formation filled a
critical gap in South China where chert nodules, and the
acanthomorphs, are rare in the EN2 interval. The Ediacaran
acanthomorphs assemblages of the Krol A were distributed
in low paleolatitudes, which might represent a distinct paleo-
biogeographic province in east Gondwana. The Indian data
underscored the stratigraphic significance of acanthomorphs
and 8'°C, and elucidated key issues of bio- and chemostrati-
graphic correlation.

The statement of Dey et al. (2022) that Auden considered
Krol Sandstone as a part of Infra Krol is a misquote. Auden
(Record GSI, 74, part 1) dealt with them as two separate
units. These authors reported normal gradational contact
between the Infra Krol and the Krol Sandstone. The black-
shale association of the Neoproterozoic Krol Sandstone suc-
ceeding the Cryogenian Blaini Cap Carbonate, according to
Dey et al. (2022), represented the initial phase of the hot-
house aftermath. The black shale is regarded as a product of
oceanic anoxia developed during the initial thawing phase
of the glaciation. With the continued melting process, some
pre-existing aeolian sand sheet deposits resting on the melt-
ing ice sheet in the upper shelf region were remobilised,
which led to the accumulation of deeper shelf fans. This
contradicts Dey et al (2020) conclusion that the Blaini is a
non-glacial deposit. The petrographic composition, detrital
zircon age, and the palaeoflow directions suggested that the
constituent sand particles of Krol Sandstone were possibly
derived from a Late Neoproterozoic aeolian sand sheet of
South Australia.

Mazumdar (2022) studied the Krol Group; the Krol A and
B formations are mainly a succession of micritic limestone/
marl and red/green shales, respectively. The C and D forma-
tions are thick carbonate sequences showing fenestral void
fillings indicating deep subtidal to supratidal/ karstic depo-
sitional features. Both early and burial diagenetic textures
are observed in these carbonate rocks.

Palaeozoic

Bhargava and Singh (2020) summarized the evolution of
the Tethyan basin during the Palaeozoic. The Cambrian
sedimentation commenced in a rifted basin, which got ter-
minated at post-Middle Cambrian (Cambrian Series 3) due
to Kurgiakh Orogeny. The sedimentation resumed in the
lower-middle Ordovician. The lower Ordovician siliciclastic
sediments were succeeded by the Katian siliciclastic-algal-
coral build-ups.

There was a sub-aerial break around the Wenlock. A
shallow sea returned in the early-middle Devonian, it rela-
tively deepened in the Givatian, with siliciclastic-carbonate
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sedimentation continuing up to the Tournaisian. In the
majority of the areas, there was a hiatus at the end of the
Tournaisian. In the distal parts of the Spiti-Zanskar sub-
basin and Kashmir, however, the sedimentation continued
up to Visean/Serpukhovian. In Spiti-Zanskar, a late Carbon-
iferous-early Permian diamictite horizon generally assigned
to glacial origin is present.

Around 289 Ma there was volcanicity (Panjal Volcan-
ics) in parts of Kashmir, Zanskar, and Lahaul. The 289 Ma
interval was represented by a break between the Sakmarian
and the Wuchiapingian sediments in the areas where the
Panjal Volcanics were absent. The Wuchiapingian transgres-
sion was extensive. Barring Kashmir, the Changhsingian
was absent in the Tethyan Himalaya and there was a marked
hiatus between the Wuchiapingian and the Induan.

Cambrian

Srikantia and Bhargava (2020) precisely defined the strati-
graphic and lithologic contents of the Kunzam La Formation
and cleared the nomenclatural controversies regarding the
Cambrian of the Spiti.

Bhargava and Singh (2020) regard the Cambrian sedi-
mentation to have commenced in a rifted basin, which termi-
nated at post-Middle Cambrian (Cambrian Series 3) owing
to the Kurgiakh Orogeny.

Singh and Bhargava (2020) reviewed the Cambrian bio-
zonation that exists broadly at two stratigraphic intervals
i.e.,~514-505 Ma in the Spiti region and partially in the
Kashmir region and ~ 505498 Ma in the Zanskar region and
in the Kashmir region. The Indian Cambrian faunal elements
share Gondwanan and peri-Gondwanan affinities. The depo-
sitional environments of the Cambrian sediments of Tethyan
and Lesser Himalaya showed a wide array of settings.

Singh et al. (2020a) recognized approximately 5.6 m
thick (17.8-23.4 m) Oryctocephalus indicus biozone (Wuli-
uan, Miaolingian) in the Sumna Valley (SE part of Spiti)
comprising Oryctocephalus indicus, Pagetia significans
and Kunmingaspis pervulgata. The uppermost part of the
Cambrian Series 2 in SE of the Spiti is characterised by a
reddish-brown ferruginous, very coarse-grained sandstone
unit, which marked a diastem prior to the Wuliuan (Miaolin-
gian). The Miaolingian transgression caused the deposition
of the Wuliuan (Miaolingian) sediments over the undulatory
surface of Cambrian Series 2.

Singh et al. (2020b) integrated ichnology, sedimentol-
ogy, and sequence stratigraphy of the Lower Quartzite Mem-
ber to the Arkosic Sandstone Member of the Koti Dhaman
Formation (Cambrian Series 2, Stage 4) (Tal Group) in the
Nigali Dhar Syncline, Lesser Himalayan. Trilobite traces
of Gondwanan affinity, represented by Cruziana salomonis,
Cruziana fasciculata, Rusophycus dispar and Rusophycus
burjensis, were recorded along with Arenicolites isp. and
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Skolithos isp. from the Lower Quartzite Member. A diverse
ichno-assemblage attributable to the Cruziana ichnofacies
was described for the first time from the Arkosic Sandstone
Member. Seven ichnofossil assemblages, i.e., Cruziana-Rus-
ophycus, Planolites-Palaeophycus, Cruziana problematica,
Diplichnites, Cochlichnus anguineus, Bergaueria perata and
Psammichnites gigas were recognized in the Lower Quartz-
ite to Arkosic Sandstone members (Koti Dhaman Forma-
tion). Seven sedimentary facies and four facies associations
were identified in the Koti Dhaman Formation. The forma-
tion contains shallowing upward parasequences of a tidal
flat complex. Overall, two major events were recognized:
i) the break in sedimentation between the Lower Quartzite
Member and the overlying Shale Member, probably related
to a forced-regressive event and ii) the facies shift from FT6
to FT7 of the Arkosic Sandstone Member represented an
erosive transgressive event; the surface was interpreted as
wave ravinement surface, which is also a sequence bound-
ary. The Lower Quartzite Member was deposited in a shal-
low subtidal sand sheet and tidal flat complex; the Shale
Member was deposited in a mud flat setting of a tidal flat,
and the Arkosic Sandstone Member in a mixed-flat (tidal flat
complex) to sand sheet complex front and margin (subtidal
sand sheet complex). Overall, the lower to middle part of the
Koti Dhaman Formation represented a tide-dominated shal-
low subtidal-intertidal to mud-flat sub-environments of the
tidal flat complex. Based on the distribution of the trilobite
traces from the Lesser Himalaya and the Bikaner—Nagaur
area of Peninsular India (eastern Gondwana), Egypt, Jor-
dan, Turkey (western Gondwana) and Canada (Avalonia)
paleogeography of the lower Cambrian (516514 Ma) has
been reconstructed.

Kaur et al. (2021) reported 15 ichnogenera comprising
26 recorded ichnospecies from the lower part of the Kun-
zam La Formation exposed in the Chandra Valley, eastern
Lahaul. Three trace fossils associations are: (i) the Trep-
tichnus pedum association (trace fossil association-I), a low
diversity association, containing Planolites beverleyensis,
Palaeophycus isp., and Treptichnus pedum, (ii) the Mono-
morphichnus association (trace fossil association—II) char-
acterized by a sudden increase in trace fossil diversity and
traces of arthropod /trilobite origin comprising Cruziana
problematica, Cruziana isp., Catenichnus contentus, ?Diplo-
craterion isp., Dimorphichnus obliquus, Dactylophycus isp.,
Lockeia siliquaria, Monomorphichnus multilineatus, M. lin-
eatus, Planolites annularis, P. montanus, P. beverleyensis,
Palaeophycus imbricatus, P. tubularis, Rusophycus didymus,
R. leifeirikssoni, R.dispar, Rusophycus isp., Saerichnites
abruptus, and serially repeated Rusophycus and Cruziana,
Treptichnus pollardi and arthropod resting traces, and (iii)
the Psammichnites association (trace fossil association—III)
characterized by a dominant presence of large burrowing
systems of Psammichnites gigas and traces of Diplichnites

isp., and Ctenopholeus kutcheri. Assuming the same rate of
sedimentation for these deposits determined in the > 50 km
distant Parahio Valley and the stratigraphic position of the
Psammichnites gigas assemblage zone in the Himalaya,
these trace fossil associations probably fall within Cambrian
Series 2, Stage 4, though the sudden increase in diversity
and complexities of traces suggested an older age. Strati-
graphically, these trace fossils are the oldest yet recorded
from the Cambrian of the Lahaul and Spiti regions.

Singh et al. (2021a) reported abundant, though moder-
ately well-preserved, specimens of Pagetia sp. along with
the ptychopariid Xingrenaspis dardapurensis from a new
stratigraphic level lying above the Oryctocephalus salteri
biozone (Hayden horizon 9) in the Spiti. This association
from Kashmir is already known, and the present discovery
of a similar association in the Spiti region, thus enabled the
Wauliuan (Miaolingian) biostratigraphic correlation between
the Kashmir and the Spiti regions. The record of the taxon
Pagetia from a higher stratigraphic level in the Spiti region
contradicted the previous assumption that the Pagetia bear-
ing level in Kashmir is equivalent to the Pagetia-Orycto-
cephalus indicus (O. Indicus biozone, Hayden horizon 2) in
the lowest part of the Wuliuan in the Spiti region.

Singla et al. (2021) in a 153.48 m thick section of the
Cambrian Kunzam La Formation, exposed on the right
bank of the Sumna River (Spiti), recorded trilobites from
two stratigraphic intervals. The lower interval contains
Xingrenaspis cf. X. Dardapurensis and Kunmingaspis stra-
cheyi with a few brachiopods. This interval falls within
unzoned 4 of the Cambrian of the Himalaya. The upper
stratigraphic interval bore [ranoleesia butes and an unde-
termined ptychopariid belonging to Hayden level 13. Based
on faunal elements, the entire measured section was cor-
related with the Sunaspis laevis—Sunaspidella rara biozone
to Metagraulos dolon biozone of the southern and western
marginal parts of the Ordos basin (China) and assigned to
the middle Wuliuan Stage (Miaolingian Series).

Bhargava and Singh (2022) presented lithostratigraphic
correlation, paleocurrent analysis, general pattern of sedi-
mentation, regional setup, tectonics, and the basin con-
figuration of the Ediacaran-early Cambrian in the Lesser
Himalayan zone (LHZ). The Ediacaran-early Cambrian
sequences from the west to the east are preserved as the
Hazira Formation in the Hazara, and as the Tal Group in
the Nigalidhar, Korgai, Mussoorie, Garhwal, and Nainital
synclines. The age of these sediments based on acritarchs,
small shelly fauna, brachiopods, and trilobite ranges from
the latest Ediacaran to the earliest Cambrian Series 2, Stage
4 (~512 Ma). The Chilar (Himachal and Uttarakhand), Kera-
bari (Nepal), and Miri (Arunachal) of the latest Ediacaran
age were suggested to constitute another basin south of the
Hazira-Tal basin. The Tal basin extended in the west cover-
ing the Hazara region, turned south towards the Bikaner-Salt
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Range, and swung around to form the Tethyan basin in the
north (Fig. 2). The Nigalidhar region formed the deepest
part, and the Nainital-the shallowest part of the basin. There
was a shallowing of the basin after the deposition of the
Krol E dolostone, leading to the deposition of clastics of the
Earthy Siltstone Member (Shaliyan Formation, Tal Group),
as a result in shallower parts, the Earthy Siltstone Member
was not deposited. The Chert Member marked flooding in
subtidal/shallow anaerobic conditions; thereafter, the basin
gradually further shallowed. The palaeocurrent directions in
general are towards NE. The late Cambrian/early Ordovician
Kurgiakh orogeny caused the obliteration and deformation
of the Cambrian basin.

Singla et al. (2022) studied the trace-element composi-
tions and rare-earth elements (REEs) of the Cambrian Series
2-Wuliuan (Miaolingian), Kunzam La Formation from the
Sumna Valley, Spiti, Tethyan Himalaya. The trace elemental
ratios (Th/Co, Th/Sc, La/Sc, Cr/Th) and REE patterns show
compositions that are comparable with the upper continental
crust, suggesting that the sediments in the Sumna Valley
were derived from a felsic source that possibly lay in the
felsic igneous province of the old Precambrian Indian craton.
The elemental discrimination diagrams show the deposition
of the Sumna Valley rocks in a passive continental margin
tectonic setting. The selected trace-element ratios such as V/
Cr, Ni/Co, Th/U, and V/V +Ni, as well as positive Ce and
negative Eu anomalies, indicated oxidising conditions dur-
ing the deposition. The concentration of Y and Rb trace ele-
ments suggested a depositional site proximal and closure to a
near-shore environment. The low REE+Y and selected trace
elements (La, Th, Sc, Ni, Cr, V, U, Rb, Zn, Y) concentration

Fig.2 Cambrian basins (Modi- 70°

indicated a major transgressive event at the boundary of the
Cambrian Series 2-Wuliuan (Miaolingian) associated with
the Oryctocephalus indicus biozone.

Verma et al. (2023) recorded abundant Psammichnites-
type traces from biostratigraphically a well-dated Cambrian
section of the Kunzam La Formation (Cambrian Series 2,
Stage 4 to Wuliuan, Miaolingian) in the Zanskar region.
They identified three ichnozones of Psammichnites. Strati-
graphically, the Psammichnites gigas circularis ichnozone
dominated in the lowermost exposed sequence, followed
upward by Psammichnites gigas gigas ichnozone. The latter
in the upper part of the Kunzam La Formation (latest Wuli-
uan, Miaolingian) showed overlapping with the Psammich-
nites gigas arcuatus ichnozone. The Psammichnites traces
from the Zanskar and the Spiti regions indicate that Psam-
michnites gigas circularis ichnozone is restricted to rocks
of the Cambrian Series 2, Stage 4 and are very useful for
correlating the rocks of similar age in the Tethyan Himala-
yan sections.

Singh et al. (2023b) based on overall lithologic charac-
teristics, biostratigraphic parameters, and local preservation
state, re-classified the Kunzam La Formation into three for-
mal members: viz. the Chandra, Parahio, and Purni. The
paper provided lithostratigraphic and biostratigraphic cor-
relations of this formation from the Zanskar to Spiti regions
along with the depositional environment and faunal details,
which validate the proposed lithostratigraphic divisions.

Negi et al. (2023) reported Bergaueria perata, Ber-
gaueria hemispherica, Bergaueria isp., Dimorphichnus
obliquus, Monocraterion isp., Psammichnites gigas cir-
cularis, Psammichnites gigas gigas along with arthropod
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scratch marks, for the first time from the uppermost part of
the Cambrian Kunzam La Formation exposed between the
Charang and Alingdhar in the Tidong valley. These bioturba-
tions (il = 1-2) indicate the latest part of Cambrian Series 2,
Stage 4. Five shoaling upward lithofacies were recognised:
(i) dominant low-angle trough cross-bedded facies with rip-
up mud clasts (fluvial to nearshore), (ii) wavy (tabular) bed-
ded sandstone facies (upper shoreface), (iii) conglomerate
facies (fluvial), (iv) sandstone-siltstone-shale facies (lower
shoreface) and (v) bedded siltstone facies (lower shoreface).
Sedimentological and ichnological data suggested deposi-
tion of the Kunzam La Formation of the Tidong valley in a
shallow-marine, nearshore to upper shoreface environment
that was proximal to the shoreline, where the main rivers met
the northern margin of the Indian plate.

Ordovician-Silurian

Wang et al. (2021) recorded abundant acritarchs and chiti-
nozoans with fragments of scolecodonts and melanoscler-
ites from Ordovician of Spiti. The chitinozoan assemblage
collected from the sample at 8§7.3 m and the one collected
at 184.89 m indicate a late Katian age. A positive carbon
isotopic peak from the top of a shale unit and the initial part
of the rapid negative shift of the Paroveja isotopic excursion
is related to the Boda Event of the late Katian age.

Chaubey et al. (2023) presented an integrated litho-
microfacies and sequence stratigraphic analysis of the
Takche Formation (Ordovician—Silurian) in the Pin Valley
(Spiti). Ten lithofacies and nine distinct microfacies char-
acteristic of a shallow marine carbonate ramp deposited
under highly fluctuating energy conditions were identified.
The sequence stratigraphic analysis revealed the presence
of three sequences (S1-S3), two maximum flooding sur-
faces (MFSs), and five upward shoaling cycles indicating
transgressive and regressive events. The three disconform-
ity surfaces resulted from submarine erosion or rapid fall in
relative sea levels.

Myrow et al. (2023) assigned the middle member of the
Pin (=Takche) Formation in the Spiti Valley to late Katian
and the upper member to lower Silurian (Llandovery). This
formation records the Boda event, the last warming interval
prior to Hirnantian glaciation. The 8'C chemostratigraphic
data allow precise global correlation, and recognition of the
Paroveja positive excursion, the last major excursion of the
Katian. The Mikkim Member records a ‘lower HICE’ (Hir-
nantian isotopic carbon excursion) of the Katian—Hirnantian
boundary interval. The widespread absence of pre-Katian
strata on the Indian subcontinent is due to erosion associated
with the Kurgiakh orogeny and delayed onlap onto topo-
graphically high areas.

Vinn et al. (2023) described Late Ordovician normal
marine microfossils from the Takche Formation (Spiti,

Himalaya). The flora is represented, mostly by receptacu-
litids and dasyclad green algae. Calcareous microorganisms
such as calcispheres, Rothpletzella and Girvanella are pre-
sent. There are some differences in the microfossil content
and abundance between different lithofacies of the Takche
Formation. Two main biofacies were recognized on the basis
of the abundance of algae and calcispheres. The abundance
of dasyclad green algae is characteristic of warm climate.
The Himalaya (Gondwana) has Girvanella and Rothplet-
zella in common with Laurentia and Girvanella and calci-
spheres in common with Baltica.

Carboniferous

Ganai et al. (2022) used an integrated approach of sedimen-
tology, petrography, and geochemistry to understand the
provenance, palaeo-weathering, and depositional pattern
of the Carboniferous Fenestella Shale Formation. From the
base to the top, they interpreted a shallow and deep-water
depositional environment in a shelf-to-shore setting during
regressive to transgressive phases. The chemical and heavy
mineral data indicate that the source rocks underwent a low-
to-moderate degree of metamorphism. The Neoproterozoic
Pan-African granites were the possible source rocks for the
Fenestella Shale Formation.

Gupta et al. (2023) reported palynoflora of upper Famen-
nian to early Tournaisian age from the Lipak Formation of
the Spiti valley.

Permian

Singh et al. (2023a) recorded a dense population of Rosselia
socialis referable to Crowded Rosselia Ichnofabric (CRI)
in 1.67 m thick amalgamated coarse hybrid sandstone of
the Gechang Formation (Permian) at Guling locality in
Spiti. CRI is confined to 67 cm of the uppermost part of
the hybrid sandstone of the Gechang Formation and indi-
cates penetration of the trace maker from the upper surface.
The bioturbation index of the R. socialis bearing bed is
4(60-90%) and the density varies from 27 to 34 per m%. Sed-
imentological evidence indicates fluvio-marine nearshore to
upper shoreface—lower shoreface setting under high—ener-
getic and fluctuating substrate conditions. The CRI-bearing
bed is particularly interpreted as a tempestite bed deposited
in the upper shoreface environment.

Mandal et al. (2021) investigated Re—Os isotopic sys-
tematics of black shales from the Gungri Formation, Spiti
Valley, and siltstones from the Khunamuh Formation of
the Guryul Ravine. The Gungri shales yielded a deposi-
tional age of 255_22 Ma (2_; n=8; MSWD (Mean Square
Weighted Deviation) =5.7). The initial 1870s/1880s ratio
(0.60_0.13) similar to that of the Late Permian shales,
indicates the connection of the Spiti with the global ocean.
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The Re—Os systematic for the Guryul Ravine is non-isoch-
ronous, a proximal site with a strong influence of seismic/
tsunami events. A global compilation of 187Re/1880s
ratios in Late Permian shales and bathymetric distribu-
tion of the Re/Os ratios point to the strong role of Re/Os
uptake by macroalgae, in addition to oceanic pH and redox
state, in regulating the Re—Os systematic in shales. The
87Sr/868r ratios for the Induan carbonates from the Spiti
(0.71551-0.71837) are higher than to that expected for the
Lower Triassic ocean (~0.707). Co-variations of Sr and
87Sr/86Sr with Mn concentrations establish the diagenetic
alteration of these carbonates.

Priya et al. (2021) studied the Permo-Carboniferous
sediments of the Rangit Gondwana Basin of the Sik-
kim Lesser Himalaya. The different binary and ternary
plots reveal the derivation of the detrital components of
the Rangit Pebble Slate Formation from plutonic igne-
ous rocks and metamorphic rocks along with sedimentary
fragments. The climate discrimination diagram and sedi-
mentary lithofacies suggest cold climatic conditions.

Mondal et al. (2021) report Sakmarian and younger
bivalve and brachiopods of Gondwana affinity from the
Bichom Formations. These belong to suspension feeding
groups representing an oxic, soft substrate of a shallow
shelf environment. The upper Khelong/ Bhareli Formation
indicate a coastal environment in the waning phase of a
marine glacial episode.

Tewari et al. (2022) presented lithostratigraphy of the
Lachi Formation and based on geochemistry, petrography,
and CIA value interpreted both glacial and post-glacial
shallow marine environment of deposition indicating vari-
ation in climate change during the Permo-Carboniferous
period.

Rashid et al. (2022) along the Permian—Triassic transition
boundary at the Guryul Ravine section record the presence
of an overall anoxic-sulfidic oceanic environment. They also
observed a significant negative sulfur isotopic excursion
associated with the first mass extinction event. Their study
suggests that the upwelling of sulfidic deep water and high
surface temperatures related to Siberian Trap magmatism
likely played significant roles in the PTB crisis.

Geochemical studies by Rashid et al. (2023) along the
Permian—Triassic Boundary section at Guryul Ravine Kash-
mir, revealed prominent differences between the Late Per-
mian Zewan Formation and the Early Triassic sediments of
the overlying Khunamuh Formation. The Late Permian sam-
ples exhibited a relatively low chemical index of alteration
(CIA) suggesting moderate weathering conditions, while the
Early Triassic sediments showed higher CIA values indicat-
ing more intense chemical weathering. A remarkable shift
was observed in the Sr and Nd isotopic compositions across
the PTB suggesting a significant shift in the source of sedi-
ment input during the Permian—Triassic transition.
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Mesozoic

The Mesozoic history of the Tethyan Himalaya has been
succinctly narrated by Bhargava and Singh (2020). The
Induan-Lias succession is characterized mainly by carbon-
ate sediments throughout the Tethyan sector. The sedimen-
tation ceased towards the Lias; the hiatus spanned the Late
Oxfordian-Kimmeridgian. The Kimmeridgian transgression,
except Kashmir, covered the remaining Tethyan sector. In
the Cretaceous, the plate margin became active, thereafter
the deeper water sediments were deposited in Spiti-Zanskar
and Garhwal. With a Danian break, the Cretaceous sedi-
ments were succeeded by shallow marine Paleocene and the
freshwater Eocene in Zanskar. Obducted ophiolite klippen
were emplaced over the Cretaceous sediments in the Zanskar
and Malla Johar areas. In Malla Johar, the ophiolite has car-
ried the deep water Triassic-Cretaceous sediments—termed
as exotic blocks of Kiogad and Chitichun facies.

Triassic

Studies of the Triassic sandstones of the Tambakurkur, San-
glung, and Nimaloska groups of the Spiti region by Sid-
diqui et al. (2021) reveal felsic (granitic) as source rocks,
which underwent moderate to an intense degree of chemical
weathering under varying climatic conditions.

Sun et al. (2021) discussed environmental changes post-
end-Permian mass extinction, particularly of the Mikin
and Kaga formations, which span the Induan to Ladinian
stages. These strata are interpreted as condensed, mixed
carbonate-siliciclastic ramp deposits that deepened distally.
Carbon isotope ratios of carbonate (513Ccarb) showed an
increase from —2.6 to 0% from the Griesbachian substage
to the Dienerian-Smithian transition, followed by a negative
shift to—3% in the Smithian substage and a large positive
excursion from — 3.0 to 3.5% across the Smithian—Spathian
boundary. A short negative shift to—1.0% occurred in
the early Spathian substage, followed by a positive trend
from~ — 1.0 to 1.0% in the Middle Triassic, with several
minor excursions occurring during the Aegean substage.

Sedimentary and palaeontological data, as well as trace
metal geochemistry (Mo/Al ratio), indicate anoxic condi-
tions developed from the late Griesbachian to the Dienerian
substages, and dysoxic to probably fully oxic conditions
from the late Dienerian substage onward. Anoxic conditions
only very briefly reoccurred in the late Smithian substage.
Ti/Ca and Zr/Al ratios suggest a consistently high terrestrial
input. The strata in the Spiti area contain an Early Triassic
gap in phosphorite deposition indicating a~5 Myr waning
of coastal upwelling in an otherwise persistent (> 100 Myr)
upwelling zone of the East Gondwana margin. Altogether,
the phosphorite gap, the paucity of sessile and filtering fauna
in oxygenated waters, and low organic carbon burial rates
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indicate a collapse in marine productivity in the aftermath
of the end-Permian mass extinction.

According to Ganai et al. (2023), the weathering indi-
ces of the Triassic siliciclastic rocks of the Lilang Super-
group and the Spiti Formation in the Spiti region show a
modest to a high degree of chemical weathering. A drop
in CIA and other weathering indices indicate variations in
the climate and environment throughout sediment deposi-
tion. The redox-sensitive element-based proxies of black
shales indicate dysoxic to anoxic environmental conditions
and gradual ocean oxygenation during the Triassic. The total
organic carbon values and carbon isotope data (§'°C=— 22
to — 27%) indicate a variation in biological activity through-
out the Triassic period, suggesting the oceanic biological
system’s attempt to recover immediately from the depletion
of biological life.

Jurassic

Frusich et al. (2021) distinguished eight facies/biofacies
types in the Spiti Formation, ranging from the anoxic shale
facies, with ammonites and belemnites as the only faunal
elements, to the dysoxic Malayomaorica and Bositra biofa-
cies, and the oxic to anoxic offshore shelf facies. Additional
facies are the condensed glauconitic-phosphoritic mudrock
facies and the Fe-oolitic siltstone facies (both characterized
by sediment starvation), the aerated argillaceous silt-sand-
stone facies, and the tide-influenced nearshore shelf facies.
The Spiti Shale Formation represents outer to inner shelf
environments, which for much of the time were subjected
to upwelling and anoxic to dysoxic conditions.

Middle to Late Jurassic belemnites from the Spiti and
Zanskar valleys were used by Alberti et al. (2021) for stable
isotope (813C, 6180) and element (Mg/Ca, Sr/Ca) analyses.
Results indicate a long-term temperature decrease from the
Middle Callovian-Oxfordian to the Tithonian, which prob-
ably was caused by a concomitant drift of eastern Gondwana
into higher palaeolatitudes. Reconstructed absolute tempera-
tures most likely varied between 17.6 and 27.6 °C in the
Kimmeridgian and Tithonian. with average values between
22 and 24 °C, which were similar to slightly warmer than
today at comparable latitudes.

Cretaceous

Mishra et al. (2020) regard the Nilkanth Formation to rep-
resent mass flow on a barred to moderate gradient ramp
formed at the leading edge of the Indian Plate. They also
regard Ceriocava nilkanthi as a reworked fossil. The Tethyan
segment formed the leading edge of the Indian plate and not
the Lesser Himalaya on which the Nilkanth Formation was
deposited. Bryozoan are fragile animals and not likely to

survive reworking in mass flow, moreover Ceriocava nil-
kanthi is well preserved and shows no sign of reworking.

Geochemical and petrographic investigations of the
Cretaceous Giumal Formation in the Spiti by Heena and
Ganai (2022) suggest the origin of the sandstone from the
craton interior and recycled orogenic region that had under-
gone moderate to strong chemical weathering. The presence
of illite, chlorite, and montmorillonite, along with quartz,
muscovite, alkali feldspar, and calcite suggests mostly a
semi-humid climate. The study suggests sediment of the
Giumal Formation may have been derived from a combina-
tion of felsic igneous (granitic) and associated metamorphic
rocks.

Cenozoic
Palaeogene

Bhargava (2020) critically evaluated various descrepancies
in the Palaeogene of the Simla hills of Himachal Pradesh.

Lokho et al. (2020) recorded 44 species belonging to 28
genera of foraminifera. Based on Planktonic Foraminifera
Zones E14-16 upper middle Eocene to upper Eocene has
been assigned to the Upper Disang Formation in the Naga
Hills. An upper bathyal, rapidly shallowing anoxic basin is
proposed.

Biswal et al. (2021, 2022) integrated the Eocene larger
foraminiferal biostratigraphy, sedimentology, and stable
carbon isotope (delta 13Corg) studies of the Sylhet Lime-
stone. The Shallow Benthic Zone (SBZ) 13 and SBZ 16-18
and a barren interval in between have been recognized in
the Sylhet Limestone. The organic carbon stable isotopic
data revealed a sharp negative excursion correlated with the
Middle Eocene Climatic Optimum and/or vegetation types.
The sediments represent sub-tidal to intertidal channels and
bars environment. The study suggests the Neo-Tethys Sea to
be open and connected through the East and West coasts of
India, Northeast India, the western Himalaya, and most of
the Middle East and southeast Europe. The vertebrate and
invertebrate faunas belong to sharks, rays, crocodiles, coni-
cal teeth, broken fragments, and echinoderm spines.

Neogene

Chutia et al. (2020) petrographic study revealed that sand-
stones of the Siwalik are mainly sub-arkose and sub-lith-
arenite with lithic and feldspathic greywacke in subordinate
amounts, which are medium to coarse-grained and com-
posed mainly of quartz, feldspar, mica and rock fragments as
their detrital constituents. The matrix is argillaceous and sili-
ceous. The cement is constituted of carbonate and siliceous
components. The Siwalik sediments were derived mainly
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from middle to upper-grade metamorphic rocks. These rocks
had undergone shallow depth as well as deeper level diagen-
esis in the humid and tropical climate.

Gilbert et al. (2020) described a new ~ 12.5-13.8 Ma fos-
sil ape from the Lower Siwalik of Ramnagar, having impli-
cations for hylobatid origins. The presence of crown hylo-
batid molar features in the new species indicates an adaptive
shift to a more frugivorous diet during the Middle Miocene,
consistent with other proposed adaptations to frugivory (e.g.
uricase gene silencing) during this time period as well.

Sehgal et al. (2022) recorded Sivatupaia ramnagaren-
sis a new genus and species of fossil tree shrew, hedge-
hog Galerix, and rodents Kanisamys indicus, Sayimys
sivalensis, and Murinae indet from the Lower Siwalik from
Dehari, Udhampur (Jammu). The treeshrew represents the
oldest record of fossil tupaiids in the Siwaliks, extending
their time range by ca. 2.5—4.0 Myr. The fauna confirms that
age estimates for the Ramnagar region are equivalent to the
Chinji Formation in Pakistan.

Debnath et al. (2021) introduced Siji-a new formation and
suggested a fourfold classification of the Siwalik. They also
reported marine influence in the Siwalik succession from the
Tista and Kameng valleys.

Srivastava et al. (2021) based on the fossil assemblage of
late Pliocene—early Pleistocene interpreted the temperature
seasonality between warm (27-28.1 °C) and cold months
(22-23.6 °C). The reconstructed rainfall data indicated a
monsoonal type of climate with a strong seasonality in wet
and dry seasons. Fossil floras suggest a vegetation shift from
dominantly wet evergreen to semi-evergreen at the fossil
locality, coincident with an increase in the length of the dry
season. All the reconstructed data indicate a monsoonal
type of climate during the deposition of the Upper Siwalik
sediments.

Goswami and Singh (2021) advocate tectonic and cli-
matic controls on the sedimentation of the Lower Siwalik
succession. The initial sedimentation was in channels and
frequently/extensively flooded overbank areas of a meander-
ing/ anastomosing river system. Activities along basement
structures at times caused upheaval of the basin leading to
incising of streams and raising the areas beyond the reach
of flood waters. The channel pattern in the region gradually
changed to a braided type due to tectonics and monsoon
intensification in the hinterland.

Singh et al. (2022) investigated the Tertiary coals in
the Himalaya. Marine transgression during the Palaeocene
flooded the Jammu area giving rise to forest swamp under
tropical humid conditions. The Jammu coal was formed in
this Foreland Basin. The Eocene coal of Meghalaya was
laid in a Platform basin. In the Oligocene, coal in Assam,
Nagaland, and Arunachal Pradesh too were formed in the
Foreland Basin; these have relatively high carbon content
and possess caking characters. This may be due to the
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location of the Palaecocene basin in the tropical belt, by the
Oligocene the basin shifted to the northern hemisphere.

Rimjhim et al. (2022) based on geochemical character-
istics that the source area of the Siwalik Group underwent
moderate to intense chemical weathering processes. Modal
analyses point to recycled sedimentary materials. The La/
Th ratios and Hf discriminant plot suggest a differentiated
silicic source, which is supported by Hiscott (Cr/V vs. Y/
Ni) and Th-Hf-Co discrimination diagrams. The Eu/Eu*
versus (Gd/Yb) N diagram indicates post-Archean felsic
rocks as source rocks.

Pathak and Shukla (2022) have classified the Pinjor For-
mation (Upper Siwalik Subgroup) of the Dehradun sub-
basin into six lithofacies. An overall coarsening upward
succession is interpreted to have been formed by prograd-
ing small to moderate-sized alluvial fans. Palaeocurrent
data indicate the south-westerly slopes. The framework
composition suggests metamorphic, igneous, and sedimen-
tary provenance located in the north comprising the Lesser
Himalaya and the Siwalik rocks.

Bhatia et al. (2022) interpret a decrease in winter tem-
peratures and precipitation during the wettest months
(MPwet) from the Lower to Middle Siwalik. The Lower
Siwalik forests were dominated by wet evergreen taxa,
whereas during the Middle Siwalik deciduous growth was
dominant. They linked the decrease in winter temperature
and summer monsoon rainfall during the Middle Siwa-
lik with the Northern Hemisphere glaciations/cooling,
the continued rise of the Himalaya, and aridity across the
Tibetan region.

Deopa et al. (2023) described the Middle Siwalik
sequence as a flash flood-dominated piedmont fan and
proximal to the middle megafan. According to them fre-
quent flooding and a high sedimentation rate were influ-
enced by tectonic uplift along the reactivated thrusts
in the hinterland coupled with phases of monsoonal
intensification.

Singh and Patel (2023) based on detrital FT datasets
envisaged different tectonic activities in the MBT hin-
terland area between the Miocene and Pliocene Periods,
which caused the tectonic uplift and exhumation of the
provenance of the Siwalik foreland basin.

Fission Track thermochronological analysis of detri-
tal apatite and zircon derived from the lower and middle
Siwalik Group by Singh and Patel (2023) revealed that the
provenances of Siwalik sediments were located majorly
in the MBT hinterland areas and the nearest sources are
Amritpur granite, the outer Lesser Himalayan meta-
sedimentary zone, Almora klippe, Ramgarh thrust sheet.
Detrital Fission Track dataset suggests tectonic activities
in the MBT hinterland area caused the tectonic uplift and
exhumation of the source areas and supplied sediment to
the Siwalik foreland basin.
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