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ABSTRACT

The Lower Gondwana Paleoglaciation event (cryogenic diamictites) of Gondwana cryosphere is well preserved in the Sikkim-
Darjeeling and Arunachal Lesser Himalaya of NE India. The present paper records and describes the glacial diamictite facies and
results of detailed petrographic study from different diamictite occurrences in the Sikkim-Darjeeling Himalaya. The Lower Gondwana
sediments were deposited during the early Permian marine transgression in different parts of the NW and NE Lesser Himalaya. The
signatures of the Permo-Carboniferous global cryospheric event are well preserved in the Tatapani area of the Rangit window in south
Sikkim, Lesser Himalaya. In the Darjeeling Himalaya the Lower Permian Gondwana diamictite beds vary from 8 to 10 m in thickness
and well exposed near the west side of the Lish River. The diamictites are interbedded with 5—-8 m thick fine-grained sandstones. The
clasts of diamictite are characterized by dark colour, poorly sorted, sub-angular grains of quartz, feldspar, mica and lithic fragments
in a fine silty matrix. In some sections, the clasts of chert and stromatolitic dolomite belonging to the Buxa Dolomite were also
observed. Many large size stromatolitic boulders embedded in the consolidated diamictite beds were also recorded. The detailed
petrographic and microfacies study of diamictite reveals matrix-supported pebble and gravel with cemented shaly-silty facies together
with rythmites, which strongly indicate the glacio-marine depositional environment. A comparison and correlation of major lithofacies
and microfacies variation in the Lower Gondwana diamictites from the Lish River section near the North Kali Thrust and the Rangit
Window, South Sikkim has been done. The glaciodynamic process and nature of movement of these glacial ice sheets in different
basins during early Permian times in the NE Himalaya has been explained. We also attempted for the first time to develop a cryogenic
model for the global Permo-carboniferous glaciation in southern Hemisphere and its relation with the Himalayan Gondwana cryosphere.
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INTRODUCTION

The Gondwana sedimentation initiated in the Late
Paleozoic era when Gondwanaland was part of Pangea (Veevers
and Tewari, 1995; Veevers, 2006). The basins of different sizes
and geometries were developed in different parts of the
Gondwanaland supercontinent. In Indian subcontinent, the
Gondwana sedimentation continued for about 160 Ma from
Late Carboniferous to Early Cretaceous. Gondwana basins of
Peninsular India i.e. the Satpura and Son valley basins, the
Damodar-Koel valley basin, the Wardha-Pranhita Godavari
Valley Basin and the Mahanadi Valley Basin have been well
studied and documented by different geoscientist. The ambiguities
in the lithology and structural evolution is still persisting in the
Gondwana basin of eastern part of Extra-Peninsular India. The
detailed paleo-environmental and paleoclimatic attributes of
the Lower Gondwana (Permo-Carboniferous) remain unexplored
in the Lesser Sikkim-Darjeeling Himalaya. The Rangit Pebble-
Slate/ Boulder Bed Formation is generally considered to be
equivalent of the Lower Gondwana Talchir Boulder Bed in
Peninsular India (Oldham, 1887; Fox, 1931; Auden, 1935;
Gansser, 1964). The genesis of this basal Gondwana —equivalent
pebble—slate/ boulder bed member in the Himalaya is debatable.
It has been considered the basal litho unit to be glacial in origin
while the other opined them to have been formed due to

slide/slump or turbidity current. Acharrya, (1971) suggested
that pebble-slate in the Darjeeling Himalaya has not shown any
evidence of glaciations. On the contrary, the pebbles and internal
characters of the matrix suggest a subaqueous (beneath in the
water) environment of deposition for the latter. Until today these
interpretations are ambiguous and debatable due to lack of
appropriate supporting evidences from the field and also due
to highly complex structure and limited outcrops. The present
study encompasses the detailed lithofacies analysis of Lower
Gondwana sediments of Sikkim-Darjeeling Himalaya with
special emphasis to understand the paleoclimate and
paleogeography of the Rangit Gondwana Basin (RGB). The
facies variation shows evolutionary history of sedimentation
process of Permo-Carboniferous Gondwana sediments. The
present paper provides the detailed facies analysis and
petrography of the Permo-Carboniferous glacio marine
transgressive phase in the Gondwana Rangit Basin of the Sikkim
Himalaya. It has been observed that the initial sedimentation
in all the basins of Gondwanaland took place due to melting of
glaciers. Multiple cycles of glacial and interglacial phases have
been recorded in the form of different sedimentary facies in all
the basin. The systematic samples were collected from the field
(Red box, Fig.1) and detailed petrography has been carried out
to establish the relationship between lithofacies and mineralogy.
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Fig. 1: Geological map of Teesta dome, Sikkim. The Rangit
window (RW) lies north of the Darjeeling klippe (after
Acharyya, 1989; Dasgupta et al., 2004; Bhattacharya and
Mitra, 2009; Tewari, 2011).

The sequence stratigraphy and lithofacies of the Gondwana
Rangit Basin (RGB) reveals the marine transgression phase is
formed due to sea level rise. In the Peninsular India, the Talchir
Formation (Permo-Carboniferous), the lowermost stratigraphic
unit of the Gondwana Supergroup bears evidences of Late
Paleozoic glaciation in Peninsular India and is interpreted as a
glacial, glaciofluvial or glacio-lacustrine deposit (Banerjee,
1966; Ghosh and Mitra, 1975). Recent sedimentological analyses
of the Talchir sediments from the Damodar Valley coal basins
(e.g., West Bokaro Basin, Jayanti Basin, Saharjuri Basin,
Raniganj Basin) and Mahanadi Valley coal basins (e.g., Talchir
Basin) recorded deposition in storm-tide influenced shallow
marine settings over basal glaciogenic sedimentation (Bose et
al., 1992; Mukhopadhyay and Bhattacharya, 1994; Bhattacharya,
2003, 2013; Chakraborty and Bhattacharya, 2005; ; Bhattacharya
et al., 2005, 2009; Bhattacharya and Bhattacharya, 2012, 2014).

STRATIGRAPHY OF THE LESSER HIMALAYAN
SEQUENCE

Darjeeling-Sikkim Himalaya (DSH) exposes a spatially
vast Lesser Himalayan sequence (LHS), bordered by the MCT
in the north and the MBT in the south, covering a maximum
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distance of about 80 km (Bose et al. 2014).In the
Darjeeling—Sikkim Himalaya the LHS is a package of
lithotectonic units that broadly bound between the Main Central
Thrust (MCT) to the north and the Main Boundary Thrust
(MBT) to the south (Fig. 2; Table 1). The sequence covers a
maximum width of about 80 km on a N-S transects.
Stratigraphically, the LHS can be separated into two sub-
divisions: the Lower Lesser Himalayan sequence (L-LHS) and
the Upper Lesser Himalayan sequence (U-LHS) equivalent to
those reported from Bhutan (Long et al., 2011a). Darjeeling-
Sikkim Lesser Himalaya mainly comprises the Daling Group
(Paleoproterozoic age), Buxa Group (Meso-Neoproterozoic
age, Schopfet al., 2008; Tewari, 2010,2011 2012) and Gondwana
Group (Late Paleozoic age) (Table 1).

Daling Group

The Daling Group constitutes upper part of the oldest
Palaeoproterozoic Group of the Lesser Himalayan sequence
(Tewari, 2011). Daling rocks are exposed in the Teesta valley
in the form of a mushroom shaped half window in map view
(Fig. 2a). The Lower Proterozoic rocks of the Daling Group are
mainly represented by meta argillaceous sequences with
intercalated quartzite. The group is characterized by a
metamorphic inversion, showing almost un-metamorphosed
rocks down the hills in south to upper greenschist facies rocks
with the appearance of garnets at the base of MCT in the north
(Acharyya and Ray, 1977; Acharyya, 1989; Dasgupta et al.,
2004). There are discrete, mappable granitic bodies, called
Lingtse Granite within the Daling Group. Granites occur, mainly
with N-S trends at different tectonic levels (Fig. 2) and have
a Lesser Himalayan affinity (Paul et al., 1996). Recent
Pb207/Pb206 dating of this unit indicates a Lower-Proterozoic
age (~1836 Ma; Mottram et al., 2014).

Buxa Formation

The Buxa Formation occurs as discrete patches in the
Lesser Himalayan Sequences and Stratigraphically, it overlies
the Daling Group. (Fig. 2). It consists of mainly carbonates and
quartzite. Dolomitic carbonates are characterized by stromatolites,
the type of which indicates their early Riphean affinity (Raha
and Sastry, 1982). However, microbiota evidence from cherty
dolomite has revealed an age varying from late Proterozoic to
early Cambrian (Schoff et al., 2008). The dolostone units are
locally fossiliferous, as in the Rangit River section, near Tatapani
in West Sikkim, where stromatolites have been reported from
the upper horizons of the dolostone beds (Ray, 1976; Acharyya,
1989; Tewari, 2011).

Lower Gondwana Group

The Lower Gondwana rocks in the Eastern Lesser
Himalaya represent the youngest stratigraphic horizon in the
Teesta dome and are marked by two litho stratigraphic units.
The older Rangit Pebble Slate (RPS) of early Permian age (Fig.
2). It is associated with diamictite-bearing sandy and pebbly
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Fig. 2: Geological map of Rangit window, Sikkim, Lesser
Himalaya. The Rangit Window (RW) lies north of the
Darjeeling klippe. Towns shown are: J-Jorethang; N-Namchi;
L-Legship; P-Phongla; Ta-Tatapani; R-Reshi (Bhattacharya,
2009)

spotted slates, fine grained sandstone and slate. The association
of diamictites and the occasional presence of Eurydesma fauna
correlate this unit with the basal Gondwanaglacio-marine Talchir
Formation (Acharyya and Ray, 1977). This unit is overlain by
the Damuda Formation (DF) of Permian age, comprising coal-
bearing sandstone-shale sequences of fluvial character and
remains of Glossopteris floral assemblage (Acharyya and Ray,

1977). Recently, a new stratigraphic unit has been recognized
as the Phongla Formation, which was considered to be equivalent
to the Buxa Formation (Ray et al., 2011). However, Bose and
Mandal, (2014) considered this unit to be equivalent to the
diamictite bearing mudstone facies of basal Gondwana Rangit
Pebble-Slate and part of the Damuda Formation. However, the
stratigraphic status of this formation needs to be verified with
either unambiguous paleontological evidences or
geochronological data (Bose et al., 2014).

LITHOFACIES OF THE GONDWANA GROUP
SEDIMENTS IN THE STUDY AREA

The Lower Gondwana sediments were deposited during
the early Permian marine transgression in different parts of the
NW and NE Lesser Himalaya. The signature of the Permo-
Carboniferous Permian global cryospheric event is well preserved
in theTatapani area of the Rangit window in south Sikkim Lesser
Himalaya. In the Darjeeling Himalaya, the Lower Permian
Gondwana diamictite beds varies from 8§—10 m in thickness and
well exposed near the west side of Lish River (Fig. 4a). The
diamictites are interbedded with 5—8 m thick fine-grained
sandstones. The clasts of diamictite are characterized by dark
colour poorly sorted, sub-angular grains of quartz, feldspar,
mica and lithic fragments in a fine silty matrix (Fig. 4a). In
some sections the clasts of chert and stromaolitic dolomite
belonging to the Buxa Dolomite is also observed (Fig. 6b). We
have recorded many large size stromatolitic boulder embedded
in the consolidated diamictite beds. Detailed lithofacies of the
of the Lower Gondwana of Rangit basin of the Sikkim-Darjeeling

Table 1: Generalised stratigraphy of Sikkim-Darjeeling Himalayas (after Mitra et al. 2009, Mukul, 2000,

Tewari, 2011)
Age Stra%glll;:phlc Lithology

Cenozoic Siwalik Murti Boulder Bed, bedded immature conglomerate

Mio- Pliocene Parbu Grit, Pebbly sandstone and coarse to medium sandstone, shale
---------------------- Main Boundary Thrust----------
Namchi Sandstone
Paleozoic
(Damuda Subgroup)
Gondwana

Upper Permian Group Sandstone, carbonaceous shale and coal beds with plant fossils

Glossopteris

Lower Permian

Rangit Diamictites/ Tilloids, rythmites, and Pebble-Shale (Talchir

Boulder Beda)

Meso to Neoproterozoic

------------- Unconformity

Buxa Formation

Stromatolitic cherty dolomites, oolitic dolomite, fine-grained
quartzites and pyritiferous shales

Daling formation

Phyllites, meta-Greywacke,mica schist,quatzite

Chlorite-sericite, greenish phyllites, Quartzite and slates.

Lower Proterozoic

Darjeeling Gneiss

Banded gneiss, biotite gneiss, mica schist, sillimanite granite gneiss
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Fig. 3: Generalised Litholog of Permo-Carboniferous
sequence of the Sikkim-Darjeeling Himalaya

Lesser Himalaya reveal five major facies association, viz.,
Conglomerate-Mudstone facies (CM), Massive Conglomerate-

Sandstone facies (CS), Pebble-Slate-Shale facies (PSS),
Sandstone-Shale facies (SS) and thickly bedded Black shale-
Sandstone interbedded facies (BS).

Fig. 4: Field photograph showing (A) Gondwana massive
diamictite (CS-1) and Sandstone (CS-2). (B) Photo showing
matrix supported pebble and gravel Conglomerate (Cg).
(C) Section reveals alternate sequence of Conglomerate
(CM-1) and fine-grained mudstone (CM-2) facies.
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Fig. 5: Field photograph depicting (A) Tidal rhythmites (Tr)
with cross bedded feature and Tide dominating (T) cross
strata in thick sandstone. (B) Showing alternate sequence
of Pebble (Ps) and Shale (Sh) facies in transverse section of
Permo-Carboniferous sediment.

Fig. 6: Field photograph depicting typical (a) Gondwana
black shale and (b) Large size stromatolitic boulder
embedded in the consolidated diamictite beds in Tatopani
section
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The Conglomerate-Mudstone facies (CM) association
is represented by matrix supported conglomerate facies (CM-
1) and thinly bedded silt-mudstone facies (CM-2) (Figs. 3 and
4b, 4c). Chaotic matrix-supported conglomerate with sub-
angular clast of quartzite and shale is prominent in (CM-1)
Facies. The subangular clasts are embedded within the matrix
with lithic fragments which reflect the glacial dynamics of the
sediment deposition. The Massive Conglomerate-Sandstone
facies (CS) are well exposed near the west side of Lish River
where CS-1 is represented the Massive diamictite while CS-2
representing the ferrogenous sandstone (Fig. 4a). The alternate
sequence of Pebble (Ps) and Shale (Sh) facies (Fig. 5b) in
transverse section of Permo-Carbniferous sediment of Namchi
is designated as Rangit Pebble Slate which is associated with
the Pebble-Slate-Shale (PSS) facies (Fig. 3). Rangit Pebble
Slate always has been considered as one of the important marker
strata for the Lower Gondwana and equivocally accepted as a
equivalent to the Talchir Formation of the Indian Penisular
Gondwana. Tide and wave generated stratification are well
preserved in the sandstone and is often closely associated with
the Sandstone-Shale facies (SS) which is depicting the Tidal
rhythmite (Tr) and Tide (T) dominating marine feature (Fig.
5a) Tidal rhythmite (Tr) represented by mm to cm thin horizontal
—sub-horizontal laminae within the massive sandstone. The
Black Shale -Sandstone interbedded facies (BS) is represented
by alternating beds of thin (< 500 c¢cm thick) siltstone and
mudstone. The siltstone beds are characterized by the typical
arrangement of the primary stratification (Figs. 3 and 6b)

PETROGRAPHY OF GONDWANA SEDIMENTARY
FACIES AND DEPOSITIONAL ENVIRONMENT

About 20 different representative diamictite samples
from the Lower Gondwana Formation of Sikkim-Darjeeling
Himalaya were examined for petrological investigations. The
detailed petrographic and microfacies study of diamictite reveals
matrix supported pebble and gravel with cemented shaly-silty
facies together with rythmites which strongly indicate the glcio-
marine depositional environment. A comparison and correlation
of major lithofacies and microfacies variation in the Lower
Gondwana diamictites from Lish River section near North Kali
Thrust and Rangit window, South Sikkim has been done. The
microscopic study of Lower Gondwana diamictite are coarser
grained and mainly composed of sub angular quartz, feldspar
and mica (Fig. 7). Heavy opaque minerals occur as chief
accessory minerals in the diamictite. 400-500-point counts were
performed from the ten massive diamictite sample and data are
plotted on the quartz (Q) + Feldspar (F) + Lithic fragments (L),
(QFL) diagram. It is evident from the QFL plot that the diamictite
sample fall in the field of Lithic fragments which advocated
the environment of sedimentation i.e. alternate mixture of very
fine and coarser grain (pebble and cobble) due to melting of
glacier. The ratio of Quartz (Q) and Lithic fragment (L) is
comparatively higher (>75%) in the massive diamictite of the
Sikkim-Darjeeling lesser Himalaya (Fig. 8).

Fig. 7: Photomicrographs of Permo-Carboniferous
diamictites from Sikkim-Darjeeling Lesser Himalaya

Paleo tectonic setting of Permian Sedimentation

The breakup events of Gondwanaland were preceded
by a phase of continental extension in Permian-Triassic time
(Royer, 1992; Lawver et.al. 1992). During the pre-rift stretching
period most of the inter-plate and intra-plate Gondwana basins
were initiated by sagging along the weak zones (Lawver et.al.
1992; Mitra ,1987). In India, extension phase started in Early
Permian and lasted till Triassic, during which most of the
Gondwana sediments were deposited. During Permian crustal
distension, the weak zone along intra-plate sutures subsided to
form an interior-sag basin constrained within the limits of the
orogenic belts. Such extensive sag basin developed over the
principle weak zone along the Narmada-Son mid-continental
shear zones in the East-Central part of the Indian plate during

0.50 0.75 1.00 L

0.25

Fig. 8: Triangular Q (quartz)-F (feldspar)-L (lithic fragments)
plot for Permo-Carboniferous diamictites from Sikkim-
Darjeeling Lesser Himalaya
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Permian. Continued tensional stress caused rifting along the
weak zones and the master sag basin split into separate criss-
crossing rift basin (Fig. 10). Existence of an E-W Permian rift
along the northern periphery of Indian Craton in Eastern Lesser
Himalayan region (Fig. 10) is indicated by the occurrence of
coal-bearing Lower Gondwana formations in the thrust slices
along the Main Boundary Fault in the foothill subduction
complex of Darjeeling, Bhutan and Arunachal Pradesh (Acharya
et.al., 1977; Brookfield, 1993). Neogi and Srivastva described
the occurance of N-S graben extending from Purnea to Galsi
in the subsurface of Bengal basin along its Western margin.
This basin is partly exposed near Rajmahal. This Purnea-
Rajmahal-Galsi rift connects the Eastern Lesser Himalaya rift
in the north and the Damodar rift in the south (eastern part of
the Narmada-Son-Damodar mid-continental rift).

The marine beds in the lower and upper parts of the
Talchir Formation and marine intercalations in the younger
Permian formations are indicative of marine transgressions
during Permian. Such transgressions during the Early Permian
extensional phase are only possible by the entry of Southern
Tethys Sea through the North-Eastern rift system as a narrow
sea way into the Mid-Continental rift system. This flooded the
interior sag basin as paleo-channel persistent north-westerly
paleocurrent directions (Biswas et.al 1984, Casshyap et.al 1984).
Glaciogenic sediments of Talchir were deposited in the rift
valley in the vicinity of the paleo-channel by the north flowing
glacier from the south-eastern highlands. Barakar coal bearing
sediments were deposited as syn-rift basin fill in the evolving
rift grabens. Post Barakar sediments were laid down when the
basin differentiation was more or less complete and depocenters
were shifted to individual grabens (interior fracture basin
stage).The rifting process was aborted in Late Triassic with the
regional uplift in this part of the Indian plate and activities
shifted to western peri-cratonic region as the continents started
to break up. The northern edge of the Peninsular India, (present
day Lesser and Tethyan Sikim Himalaya) during Palaeozoic-
Mesozoic era showed fluctuations between marine and
continental conditions. Continental glacial origin has been
suggested for Lachi pebble grit which contains certain plant
fossils resembling Talchir boulder bed of Peninsular Gondwana
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Fig. 9: Generalised glaciomarine depositional model for the
Sikkim-Darjeeling Lesser Himalaya Gondwana basin during
Permian transgression period

(Auden, 1935). However, the glacial beds of Lachi Formation
in Tethyan sequence, north Sikkim near Gurudongmar Lake
(17100 m), overlie the Everest limestone which was deposited
under marine conditions. The marine environment for the
deposition of Chhmo Lahmo beds at the top of Tethyan sequence
in north Sikkim has also been suggested (Auden, 1935). This
sedimentary cycle of deposition is followed by the cycle of
deposition of the Gondwana equivalent rock in Lesser Himalyan
and the Lachi and Chho Lahmo formations of Tibetan
sedimentaries in North Sikkim. This cycle of sediment deposition
of Late Palacozoic-Mesozoic commenced with a sequence of
conspicuous arenaceous rock with diamictite (viz. Peri-

0° 45° 90°
1 1 1
&)
% 0°
N.TETHYS?, i
-30°
ANTARCTICA
Early Permian et

Fig. 10: Map of eastern Gondwanaland showing position of
India with Godwana rift-basin in early Permian during pre-
rift extension phase. Curved hatching mark of the border
of the interior sag basin over rift sites. Solid arrow indicates
entry of Tethys Sea into sag basins.1: Narmada-Son rift
zone, 2: Pranhita-Godavari rift, 3: Son- Mahanadi rift, 4:
Purnia-Galsi rift, 5: Kuchma rift, 6: East Himalayan rift.,
7: Indo-Australian rift and 8: Greater India- Cimmerian
rift. (modified after Mitra, 1987)
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Gondwana-equivalent Pebble-Slate/Lachi Pebble bed) enclosing
marine fossils and the sequence is overlain by a continental
facies rock comprising feldspathic sandstones, grit and shales
etc. with plant fossils.

DISCUSSION AND CONCLUSION

The present Himalayan Gondwana glacio marine litho-
facies sequence is composed of cryogenic sediments (diamictites)
that is well preserved in the Sikkim-Darjeeling Lesser Himalaya,
NE India. The Rangit Pebble Slate of the Himalayan Gondwana
is equivalent to the Talchir Formation in the Peninsular Gondwana
basin. Facies architecture within the studied area manifest an
upward fining and deepening trends with increasing thickness
of shale and alternate silt-mudstone facies. Occurrence of
alternate silt and mudstone facies with tide dominated layer in
massive sandstone in the Lower Gondwana Formation, Sikkim-
Darjeeling Lesser Himalaya suggest the transgressive event of
tethyan sea during the Permo-Carbonifetous period. The lateral
change in the sedimentary facies (Sandstone-Shale-Mudstone)
basically deciphers the transgressive phase. The coarse grained
(Pebble-Slate-Sandstone) was deposited in high-medium energy
environment while the fine-grained sediments (Shale-Mudstone)
are deposited farther offshore, in deep, low energy environment.
The northern edge of the Peninsular India, such as in Sikkim
Himalaya during Palaecozoic-Mesozoic era showed fluctuations
between marine and continental conditions. Continental glacial
origin has been suggested for Lachi pebble grit facies, which
contains certain plant fossils resembling the Talchir Boulder
Bed of Peninsular Gondwana (Auden, 1935). But later
researchers did not conform the presence of continental plant
fossils in Tethyan rocks. However, Auden (1935) stated that the
glacial beds of Lachi in north Sikkim overlie the Everest
Limestone which presumably was deposited under marine
condition. The marine environment for the Quartzites interbedded
slates and fossil bearing calcareous quartizitic sandstones is
further confirmed. A correlation of Lachi in North Sikkim with
the Gondwana equivalent rocks of frontal belt of the Darjeeling
Himalayan was suggested by Wager (1939). Gosh (1952) on
the basis of marine mega-invertebrate fossils, correlated the
Pebble-slate bed in the Rangit Window in the South Sikkim
with the Lachi Formation in North Sikkim. A southerly
transgression of Lachi sea from the north was suggested by
Gosh (1952) and that appeared to receive pebble and boulder
dropped by iceberg to form pebble-slate or boulder bed. However,
it has been believed a restricted connection between north and
south basins in the late Carboniferous and their subsequent
disconnection with the development of two basins independently
(Sinha-Roy, 1973b).A manifestation of the widespread marine
transgression events that affected the northern and eastern
boundary of the Indian plate during middle Permian
(Guadalupian, 271-260 Ma) as a consequence of opening up of
the Neo-Tethys along the Indo-Australian plate margin (Metcalfe,
1996; Gradstein et al., 2004). The detailed investigations on the
Tethyan Himalayan Gondwana sediments in North Sikkim are
in progress.
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