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Abstract

A leaf impression of Amesoneuron (Arecaceae) is reported from the Lower Siwalik sediments of the
Kankai Mai River section, eastern Nepal. The overall habit, habitat and modern distributions and
climatic conditions show the existence of tropical to sub-tropical wet evergreen forests with humid
swampy lowland areas during the deposition of the sediments.
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1. Introduction

The Arecaceae is a large commelinid clade of the monocotyledonous family (Chase et
al., 2006; Davis et al., 2006) with five subfamilies namely Arecoideae, Calamoideae,
Ceroxyloideae, Coryphoideae and Nypoideae and about 28 tribes (Dransfield et al.,
2005; 2008). This pantropical family consists of 188 genera and about 2600 species
(Mabberley, 1997; Govaerts & Dransfield, 2005; Dransfield ef al., 2008), commonly
found in the tropical rainforests of the world (Couvreur ef al., 2011). In the Indian sub-
continent, the family comprises 20 genera and 88 species with 9 genera belonging to
24 species endemic nature (Kulkarni & Mulani, 2004). However, only 7 genera and 12
species are found in the Nepalese Himalaya (Press ef al., 2000).

Palmae fossils have been described from the Cretaceous—Neogene sediments of the
world (Zhou et al., 2013; Srivastava et al., 2014; Song et al., 2021 and references
therein). Pollen grains have been widely reported from the Neogene sediments in the
Himalaya region (Banerjee, 1968; Hoorn ef al., 2000; Paudayal 2012, 2013a, b; Prasad
etal, 2011; 2013c; Mukherjee, 2015; More et al., 2016; Dhakal et al., 2022), but their
megafossil profiles are little known in the region (Sahni, 1931; Prasad, 1987; Awasthi
& Prasad, 1990; Prasad, 2006; Singh & Patnaik, 2012; Prasad et al., 2013b). This paper
presents a new fossil of the Arecaceae family recovered from the Lower Siwalik of the
Kankai Mai River section, eastern Nepal (Fig. 1).
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Fig. 1: Geology of the Nepal Himalaya (modified after Martin et al., 2005) and black
rectangle shows study area.
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2. Geological setting of study area

Since the middle Miocene to early Pleistocene, the Himalayan foreland basin has
accumulated a huge pile (up to 6000 m thick) of molasse-like sedimentary succession
made up muds, silts, sands, and gravels. These sedimentary strata named as Siwalik
Group, is located between the Indo-Gangetic Plain and the Lesser Himalayan sequence
in the south and north respectively (Gansser, 1964; Valdiya, 2002). The Siwalik Group
continuous from Suram Basin in eastern Himalaya to the Potwar Basin in western
Himalaya (Lin et al., 2022) covering a longitudinal distance of about 2400 km with
dominantly coarsening upward succession, however individual beds exhibit fining
upward sequence (Prakash ez al., 1980; Nakayama & Ulak, 1999). The Siwalik succession
in Nepal can be classified into the Lower, Middle and Upper Siwaliks (Auden, 1935;
Hagen, 1969) and called as the Churia Group (Tokuoka & Yoshida, 1984).

The study area lies in the eastern Nepal along the Kankai Mai River section (26.68° N;
87.9° E) (Fig. 1). The Siwalik Group of the study area can be classified into the Lower
Siwalik (lower and upper members), the Middle Siwalik (lower, middle and upper
members) and the Upper Siwalik (lower and upper members) based on the lithological
variation and their thickness (Ulak, 2009; 2016). The Main Boundary Thrust (MBT)
from the Lesser Himalayan in the north and the Himalayan Frontal Thrust (HFT) from
the Indo-Gangetic Plain in the south define the boundaries of the Siwalik Group (Ulak,
2009, 2016; Dhital, 2015) (Fig. 2).

Variegated mudstone, greenish grey to light grey mudstone and grey siltstone
interbedded with very fine- to medium-grained, greenish grey to light grey sandstone
with calcareous cementing elements are found in the Lower Siwalik. The upper
part shows medium- to coarse-grained, grey to greenish grey, ‘salt and pepper’ like
appearance in sandstone beds. The Middle Siwalik is made up of medium- to very
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coarse-grained, light grey, ‘pepper and salt’ sandstone with pebbles interbedded with
fine grained, greenish grey to gray, sandstone and greenish grey to dark grey mudstone
and grey siltstone. At its upper part, loose and multi-storied sandstone beds are found.
The Upper Siwalik is represented by poorly to well sorted, matrix to clast supported,
cobble pebble boulder sized conglomerate interbedded with medium to very coarse
grained, reddish brown to grey ‘pepper and salt’ sandstone with pebbles and grey
to dark grey mudstone and grey siltstone. The lens of sandstone beds is frequently
observed in the upper part (Ulak, 2009; 2016) (Fig. 2). Monocot leaves bearing horizon
have been found in thinly laminated, light grey siltstone beds of the upper member of
the Lower Siwalik sediments (Fig. 3).

3. Materials and methods

The fossil leaf impressions studied here were extracted from the upper member of the
Lower Siwalik sediments of the Kankai Mai River section, eastern Nepal (26.68° N;
87.9°E) (Figs. 1 and 2). A soft brush, fine chisel, and hammer were used to remove the
fossil impressions before taking photographed with a digital camera (Canon PowerShot
G7 Mark II) in low-angle, natural light. The terminology of leaf architecture used
follows the description by Dilcher (1974) and Ellis ef al. (2009). The fossil impressions
were identified at the Central National Herbarium (CNH), Howrah, India. All fossils are
stored in the laboratory of the Department of Geology at Birendra Multiple Campus,
Bharatpur, Chitwan.

Systematic

Order: Arecales

Family: Arecaceae

Genus: Amesoneuron (Goppert) Read & Hickey, 1972

Species: Amesoneuron sp. (Fig. 4: a-b)

Number of specimens Examined: One

Figured specimen No.: KMA44 (a part), KMA47 (counterpart)
Locality: Left bank of the Kankai Mai River, about 100 m downstream from the Kankai
Mai Dam Site, Domukha

Stratigraphic horizon: Upper member of Lower Siwalik

Age: Middle Miocene

Description Leaf incomplete without an apex and base, chartaceous, preserved lamina
length and width 5.65-5.8 cm and 1.5-1.7 cm respectively; margin entire; primary vein
parallelodromous; mid vein almost straight, stout; preserved lateral primary veins 3
pairs, lateral primary vein moderately thick, straight, 3.6-2 mm apart; major secondary
vein 8 pairs, thin, running parallel to adjacent veins, 0.6-1 mm apart; finer veins ill
preserved in between two major secondary veins; closely spaced, 0.2-0.4 mm apart;
further fine detailed not preserved.
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Fig. 2: Geological map of the Kankai Mai River area (modified after Ulak, 2009).

Affinities

The characteristic features of the fossil impression such as its entire margin,
parallelodromous venation, strap shape lamina with distinct primary veins suggest its
affinities with the family Arecaceae. However, fossil specimen incompleteness makes
it, difficult to identify its affinity up to the generic level. The present fossil cannot be
compared with the modern analog of palm taxa. Under the circumstances, they have
the isolated fragmentary nature of lamina with parallel veins but fragments of fossils
lack their main rachis attachment, showing difficulty in identifying their original shape
of palmate or Pinnate. Therefore, the given fossil has been described under the artificial
genera of Amesoneuron (Goppert) Read and Hickey (1972).

The genus Amesoneuron was reported from the Maastrichtian—Danian sediments of
India (Bond, 1986; Guleria & Mehrotra, 1998; Prasad et al., 2013a), while it has also
been reported from the lower Miocene of Himachal Pradesh, India (Guleria et al.,
2000), upper Paleocene of Meghalaya, India (Mehrotra, 2000), late Eocene of Manipur,
India (Guleria et al., 2005), late Eocene-Oligocene of Ladakh, India (Mehrotra et al.,
2007). Similarly, the genus A. siwalicus and A. miocenica are reported from the Siwalik
sediments of India (Prasad, 2006; Prasad et al., 2013b).
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4. Discussion and conclusion

The growth of the Arecaceae family
is significantly influenced by the
presence of excessive water conditions
and sufficient sunlight and usually lies
in the tropical zones in the middle
of 5° N and 5° S latitudes that show
about 90 percent of their distributions
(Svenning et al., 2008; Couvreur ef al.,
2011; Srivastava et al., 2014). Previous
research indicates that temperature is
the major factor that resists their growth
in the region, with a mean temperature
of the cold month (CMT) of 5 °C as
the limit (Greenwood & Wing, 1995;
Greenwood & West, 2017; Reichgelt et
al., 2018). However, a comprehensive
analysis of the present-day distribution
of the climatic condition of the
Arecaceae survival threshold reveals a
cold month mean temperature (CMT)
of below 5.2 °C (Greenwood & Wing,
1995).

Quantitative estimation of palacoclimate
reconstruction based on the Coexistence
Approach of the Lower Siwalik of
Darjeeling area, which is close to our
fossil locality indicates a mean annual
temperature (MAT) of 27.2 °C + 0.3 °C,
however the temperature was 28.2 °C £+
0.1 °C of the warmest months (WMT)
and 25.6 °C £ 0.3 °C of the coldest
months (CMT). The reconstructed
precipitation indicates that a mean
annual precipitation (MAP) was 2269.5
+ 58.5 mm, while the precipitation was

0m
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Fig. 3: Lithological details of the fossil
locality showing interbedded mudstone,
sandstone, siltstone beds.

31 £ 12 mm for of the driest month (LMP), 147 = 47 mm for the warmest months
(WMP), and 367 + 4 mm for the wettest months (HMP) (Bhatia et al., 2022). As
evidenced by the overall habit, habitat and modern distribution and climatic conditions,
tropical to sub-tropical wet evergreen forests were growing in humid swampy lowland

areas when the sediments were being deposited.
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Fig. 4: Fossil leat Amesoneuron sp. (a) Fossil leaf (specimen no. KMA44) showing
shape, size, primary vein (pink arrow), lateral primary vein (blue arrow) and secondary
vein (green arrow). (b) Fossil leaf (specimen no. KM A47) showing shape, size, primary
vein (pink arrow), lateral primary vein (blue arrow) and secondary vein (green arrow)
(scale bar = 1 cm).
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