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Abstract

In this paper, a good number of charophyte specimens and angiospermae seeds have been documented from the mudstone horizon underlying the

geochronologically dated volcanic ash beds exposed about 0.375 km northwest of Badakhetar village in Samba district of the Jammu region,

northwest Himalaya. By using the morphological characteristics (equatorial axis, distance from apical pore to equatorial axis, isopolarity index,

anisopolarity index, width of convolution, angle between convolution and equatorial axis, number of convolutions, vertical and oblique line spiral, size,

shape, basal pore and apex morphology) of charophytes, these specimens have been identified and tentatively referred as

)

(Angiospermae seed). The reported species of charophytes are used here in the present study for Palaeoecological and

Palaeoenvironmental studies.

Charophyte Gyrogonites, Mudstone Horizon, Northwest Himalaya, Palaeoecology, Palaeoenvironment

Chara rantzieni, Charaglobularis

globularis, Chara globularis aspera (Characontraria , Hornichara maslovi, Lamprothamnium papulosum, Lychnothamnus breviovatus and

Boraginocarpus lakhanpalii
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Introduction

Charophytes are aquatic (wetland, freshwater, brakish water)

plants and have an intermediate position between the green algae

and the terrestrial plants (Soulie-marsche, 1999). They form an

important part of the micro biota of large and small fresh water

habitats. Today there are about 84 genera and 678 species of

charophytes which have been identified and recognized (Guiry and

Guiry, 2020) including both in extinct and extant state. The oldest

known record of charophytes is from Late Silurian. Various authors

(Groves, 1924; Corillion, 1957; Pal , 1962; Wood, 1965;

Blindow, 1992; Tambareau 1991; Liu, 1992; Hussain ,

1996; Ling 2000; Langangen and Leghari, 2001;

Subramanian, 2002; , 2006; Penning , 2008;

Ahmadi , 2012; Henriksen and Hilmo, 2015; Schneider ,

2016; Borges and Necchi, 2017; Kumar , 2018; Girbau and

Soulié-Märsche, 2020; Zalat , 2020; Mjelde 2021; Saber

, 2021; Brzozowski , 2022 ) published their work on

charophytes in different part of world from time to time on

taxonomy, morphology, composition, evolution, genomic DNA

studies, phylogeny, palaeoecology, palaeoenviron-ment, habitats,

age and distribution.

In Siwalik of India, the work carried out on fossil charophytes

by a few authors (Sahni, 1936; Bhatia and Mathur, 1970, 1978;

et al.

et al., et al.

et al.,

et al. et al.

et al. et al.

et al.

et al. et al.,

et al. et al.

Blaženčić

Tewari and Sharma, 1972; Lakhanpal , 1974; Tewari and

Natarajan, 1978; Kumar , 1979; Bhatia, 1996; Bhatia ,

1998; Bhatia, 2003). The first record of charophytes was from Tatrot

and Pinjor formations of Siwalik Group near the city Chindigarh,

India (Bhatia and Mathur, 1970). Bhatia (1999) revised the whole

charophyte flora of the Siwalik Group.

In Siwalik of Jammu region, a good work on vertebrate and

ichnofossils carried out (Verma , 2002; Prasad , 2005;

Kundal , 2021, 2022), but not much work on fossil charophytes

/microfossils has been carried out except a few workers (Suneja and

Singh, 1979a, 1979b; Suneja , 1980; Bhatia , 2001;

Bhandari and Kundal, 2008; Kundal, 2015). The aim of the present

work is to document the charophytes flora from the mudstone

horizons underlying volcanic ash beds (Fig. 1) and their

Palaeoecologic and palaeoenvironmental significance.

Siwalik is the southernmost part of the Himalaya and

divided into three subgroups (Lower Siwalik Subgroup,

Middle Siwalik Subgroup, Upper Siwalik Subgroup) and

seven formations (Kamlial, Chinji, Nagri, Dhok Pathan,Tatrot,

Pinjor and Boulder Conglomerate) (Pilgrim, 1934). All the seven

formations of the Siwalik Group are well exposed in the Jammu

region of Jammu and Kashmir. A few authors (Agarwal ,

1993; Gupta, 2000; Elyas , 2017) gave local classification

of the Jammu Siwalik based on lithologic, vertebrate fauna, satellite

et al.

et al. et al.

et al. et al.

et al.

et al. et al.

et al.

et al.

Stratigraphy of the Study Area
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imaginary and magnetostratigraphy. A comparative stratigraphical

classification of the Siwalik of Jammu is given in table 1. A well

preserved volcanic ash layer is occurring in the Pinjor/Nagrota/

Uttarbaini Formation which has been geochronologically dated.

Ranga Rao (1988) correlated this volcanic ash layer with the

Gauss-Matuyama boundary. In the present work, the

documentation of charophytes carried out from the mudstone

horizon immediately underlying the geochrologically dated

et al.

GROUP
Siwalik

Subgroup

Ranga Rao
(1988)

et al.
(Jammu

Siwalik)

Agarwal et al.
(1993) (Jammu

Siwalik)

Gupta and verma (1988);
Gupta (2000)

(Jammu Siwalik)

Classica
subdivisions
Pilgrim, 1934

Proposed Formations Eliyas
(2017) In Indian

part of NW Siwalik
et al. Age

Upper
Siwalik

subgroup

Boulder

Conglomerate

Dughor

Formation

Boulder

Conglomerate

Kalar Lower

Pleistocene

Nagrota

Nagrota

Member A

Formation Uttarbaini

Formation

Pinjor

Formation

Pinjor

Formation

Lower

Pleistocene

Nagrota

Member B

Nagrota

Member C

Marikhui

Member

Labli

Member

Purmandal

Sandstone

Tatrot

Formation
Saketi

Formation

Upper

Pliocene

Middle

Siwalik

subgroup

Mohargarh Formation
( = Purmandal Sandstone
of Ranga Rao 1988)et al.

Dhok Pathan

Formation

Mohargarh

Formation

Middle

Pliocene

Dewal

Formation

Nagri

Formation

Dewal

Formation

Lower

Pliocene

Lower

Siwalik

Subgroup

Mansar
Formation

Ramnagar

member

Chinji

Formation

Nahan

Formation

Upper

Miocene

Dodenal

Member

Kamlial

Formation

Dodenal

Member

Middle

Miocene

Table 1: Lithostratigraphic classifications of the Northwest Siwalik sequence

Fig.1. Tectonic divisions of Himalaya (A). Locality map of study area (B)
(Gupta and Verma, 1988)

volcanic ash layer in the Pinjor / Nagrota / Uttarbaini Formation of

the Upper Siwalik Subgroup of Jammu.

Samples of mudstone have been collected from the

charophytes / microfossils bearing mudstone horizon underlying the

geochronologically dated volcanic ash beds occurring 0.375 km

northwest of Badakhetar village. The collected samples transported

to the maceration laboratory, Department of Geology, University of

Jammu for maceration. In the laboratory, the collected samples first

immersed in water for four to five hours. This leads to disintegration

of the samples. Disintegrated samples then macerated using

different sets of sieves (40ASTM, 60ASTM, 80 ASTM, 100

ASTM). The residue so obtained dried in the sunlight. The picking

and identification of charophytes carried out under stereo-zoom

binocular microscope. The photomicrography was done with the

help of attached camera with the stereo-zoom trinocular

microscope. The recovered specimens of charophytes preserved in

theVertebratepalaeontology laboratoryusingVPL/JU/C/numbers.

Division: Charophyta; Order: Charales

Family: Characeae; Subfamily: Charoidae;

Genus: Linne

Fig.2 d-g)

Tewari and Sharma, Bull. Ind.

Geol.Assoc. 5:7-9, pl. 1, fig 3a-c, text fig.2, fig. 3a-c (1972)

Tewari and Sharma, Bhatia and Mathur,

Geophytology 8(1): 93-94, pl. 3, fig. 1a-c, 2a-c (et syn.) (1978).

: VPL/JU/C/01, more than 100 gyrogonites

: In a stream cutting, 0.375 km northwest of

Badakhetar village, Samba district, Jammu and Kashmir.

: Mudstone horizon immediately

underlying Upper Siwalik bentonitized band of the Nagrota /

Uttarbaini Formation

Methodology

Systematic Palaeontology

Tewari and Sharma

(

Chara

Grambastichara rantzieni

Chara rantzieni

Referred Material

Locality

Stratigraphic Position

Chara rantzieni
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Descrption

Remarks

Chara globularis

globularis Chara rantzieni

Chara rantzieni

Chara globularis

Charites indica Bull. Ind. Geol.

Assoc

Chara rantzieni sivalensis

Geophytology

Chara surajpurica

Geophytology

Chara globularis globularis

Referred Material

Locality:

Stratigraphic Position

Description:

Chara globularis globularis

Chara globularis globularis

Chara contraria

: Gyrogonites prolate-spheroidal in outline and

medium in size; 8-10 Convolutions; convolutions non- segmented

and dextrally coiled; intercellular ridges are not sharp; gyrogonites

show well-developed apical rosette structure; spiral cells are

convex or flat; basal pore opening is pentagonal in outline; apical

area broadly rounded; width decreases gradually towards the base;

slightly larger than wide; apically cells form a brevicharoid

structure.

: In having a well developed rosette apically the

present gyrogonites differ from those of

and are more closer to those of (Tewari

and Sharma) Bhatia and Mathur (1978). ranges

from Pliocene to Recent and has been reported earlier from the

Tatrot Formation (Tewari and Sharma, 1972; Bhatia and Mathur,

1978) from the Pliocene of Greece (Soulié-Märsche, 1989)

and Quaternary marl of Indo- Gangetic plain (Bhatia and Singh,

1989).

Fig. 2 h-k)

Thuillier (non vidi)

Tewari and Sharma 1972,

. 5: 6-7, pl. 1, fig. 2a-c; text fig. 2a-c (1972)

(Bhatia and Mathur 1978)

8(1):95, pl.3. fig. 3a-c (1978)

Tewari and Sharma 1972, Bhatia and

Mathur 1978 8(1):95, pl.3. fig. 5a- c

cf. Thuillier, Soulié-Märsche,

Tilleuls Millau 137: pl. 24, figs 1-8 (1989)

: VPL/JU/C/02, more than 250 gyrogonites

In a stream cutting, 0.375 km northwest of

Badakhetar village, Samba district, Jammu and Kashmir.

: Mudstone horizon immediately

underlying the Upper Siwalik bentonitized band of the

Nagrota/Uttarbaini Formation.

The shape of the gyrogonites is oblate-

spheroidal to prolate-spherical, spiral cells, convex or flat, 10-11

convolutions, convolution and equatorial axis angle is 15 ; width of

the convolution very small, lime spirals are obliquely placed and

dextrally coiled; the gyrogonites show charoid apical rosette; basal

pore opening is pentagonal in shape; the length is little more than its

width; apical region broadly rounded; width of the gyrogonites

decreases gradually towards the base.

Remarks: Thuillier is an extant

species (Soulié-Märsche, 1989) and has also been reported as a

fossil from the Dhok Pathan, Tatrot and Pinjor Formations of the

Siwalik Group exposed near Chandigarh and Saketi (H.P.). In the

present collection, there is a large number of gyrogonites

morphologically similar to those of

Thuillier. This species was reported for the first time from India by

Bhatia (1999). The presence of this species in the Nagrota

Formation of the Upper Siwalik of Jammu region is indicative of

lacustrine environment.

(Fig. 2 l-o)

Bhatia and Mathur, 1978

Chara globularis globularis

Chara globularis aspera

Thuillier

(

(Deth. Ex Willd.) Wood

0

Referred Material:

Locality:

Stratigraphic Position:

Description:

Hornichara

Referred Material:

Locality:

VPL/JU/C/03, more than 300 gyrogonites

0.375 km northwest of Badakhetar village, Samba

district, Jammu and Kasmir.

Mudstone horizon immediately

underlying the Upper Siwalik bentonitized band of

Nagrota/Uttarbaini Formation.

Gyrogonites perprolate in shape, spiral cells

vary in number from 10-12, flat or convex, sometimes concave,

intercellular ridges are not sharp, length of the gyrogonites is more

than twice their width, apically broadly rounded and the angle

between the convolution and the equatorial axis is <20 . Spiral cells

join at slightly elevated point in a rosette (brevicharoid), the basal

pore is pentagonal in shape.

Remarks: Morphologically, the present gyrogonites are

closely comparable to those of Chara globularis aspera described

from the Tatrot and Pinjor Formation (Bhatia, 1999). Soulié-

Märsche (1991) considered this species as a lacustrine biomarker in

the Quaternary of Africa. This species has also been documented

from the Quaternary marls of Indo-Gangetic plain (Bhatia and

Singh, 1989).

Genus Maslov, 1963

Fig. 3 a-d)

VPL/JU/C/04, more than 700 gyrogonites

0.5 km North of Uttarbaini village across the river

Devak, Samba district, Jammu and Kashmir.

0

Hornichara maslovi Bhatia and Mathur, 1978

(

Fig.2. line drawing showing morphological characters of charophytes (a. lateral
view, b. apical view, c. basal view). sp. (d a. bunch, e. lateral
view, f. apical view, g. basal view), (h. basal view, i.
lateral view, j. apical view, h. basal view), (l. bunch, m.
lateral view, apical view, basal view). Scale bars equal 1mm.

Chara rantzieni
Chara globularis globularis

Chara globularis aspera
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Stratigraphic Position:

Descrption:

Remarks:

Hornichara maslovi

Hornichara maslovi

H.

maslovi

Lamprothamnium

Lamprothamnium papulosum

Referred material:

Locality:

Stratigraphic Position:

Description:

Remarks:

Lamprothamnium

populosum

Lynhnothamnus

Referred Material:

Locality:

Mudstone horizon immediately

underlying the Upper Siwalik bentonitized band of Nagrota/

Uttarbaini Formation.

Gryogonites small, predominantly subprolate,

occasionally prolate spheroidal and ellipsoidal; apically broadly

rounded, basally conically produced; 7-9 moderately wide

obliquely and dextrally coiled, concave convolutions; intercellular

ridges sharp, width of the spiral cells slightly narrower in the apical

periphery than in the apical center; apical cells joined at a point, basal

cells produced into a nozzle; basal pore narrow to moderately wide,

pentagonal, basal plug thinner than wide; apical structure charoid,

un-segmented coiled, spiral cell 100μm thick in the equatorial

region; anglebetween theconvolutionand theequatorial axis is15 .

In a preliminary note, Bhatia and Mathur (1970)

referred gyrogonites from the Tatrot Formation questionably to

. Following this, Bhatia and Mathur (1978)

described additional gyrogonites from the Pinjor Formation and

assigned them to a new species Bhatia and

Mathur, 1978. Apparently, this species is restricted to the Tatrot and

Pinjor Formation (Bhatia and Mathur, 1978). The gyrogonites from

the Upper Siwalik beds of Uttarbaini compare well with those of

Bhatia and Mathur, 1978 in all respects and hence are

referred to this taxon.

Genus: Groves

(Fig. 3 e-h)

Groves, Jour. Bot. 54:337

(1916)

Lamprothamnium papulousm (Wallr.) Groves, Soulié-

Märsche, Cent. Nat. Rech. Sci Paris: 8081, pl. 15, figs 1-7 (1982);

Soulié-Märsche, TilleukMillau 150: pl. 32 figs 1-10 (1989)

JU/VPL/C/05, 200 gyrogonites

In a stream cutting, 0.375 km northwest of

Badakhetar village, Samba district, Jammu and Kashmir.

Mudstone horizon, immediately

underlying the Upper Siwalik bentonitized band in the Nagrota /

Uttarbaini Formation.

Gyrogonites are suboblate - spheroidal in

outline; apically broadly rounded and truncated, basally conically

produced or tapering; intercellular ridges sharp, width of the spiral

cells greater in the equatorial region than at the apex; 9-10 concave

convolutions, the spiral cells join at a point apically; basal pore

pentagonal in shape and is at the same level as the surrounding spiral

cell.

Similar gyrogonites recovered from a locality near

Nadah village, Chandigarh, have been referred to

(Wallr) Groves (Bhatia, 1999). The present report is

second such find from the Siwalik Group.

Genus: (Rupr.) Leonhardi sensu Soulié-Märsche

Fig.3 i-o)

VPL/JU/C/06, more than 25 gyrogonites

0.5 km north of Uttatbaini village across the river

Devak, Samba district, Jammu and Kashmir.

o

Lamprothamnium papulosum

Lychnothamnus breviovatus

(Wallr) Groves

Lu and Luo, 1990

(

Stratigraphic Position

Description

Remarks Lychnothamnus

L. breviovatus

L. breviovatus

Lychnothamnus

barbatus

et

al.,

Boraginocarpus

Referred Material:

Locality:

Stratigraphic Position:

Description:

Remarks:

sensu

et

al

et al.

et al.

: Mudstone horizon immediately

underlying the Upper Siwalik bentonitized band of the Nagrota /

Uttarbaini Formation.

: Gyrogonites are suboblate to oblate-spheroidal,

slightly longer than wide; number of convolutions varies from 9 to

10; the spiral cells are obliquely and dextrally coiled, non

segmented in nature; intercellular ridges are flat and smooth;

gyrogonites show brevicharoid structure; the angle between

convolutions and equatorial axis is 10 -12 ; basal pore is pentagonal

in shape.

: Bhatia (1999) recorded Genus for

the first time from the Siwalik rocks of India and is

supposed to have a long geological range extending from

DhokPathan Formation to Pinjor Formation. was

first described from the Late Oligocene and Neogene deposits of

Tarim Basin, Xinjiang, China (Lu and Luo, 1990).

was reported from the Plio-Pleistocene deposits of the

Karewa Group and from the present day lakes of Kashmir (Bhatia

1998).

Phylum: Angiospermae; Subphylum: Dicotyledones

Order: Boraginales; Family Boraginaceae

Genus: Mathur, 1974

(Fig. 3 m-o)

VPL/JU/A/01, more than 60 specimens

0.375 km northwest of Badakhetar village, Samba

district, Jammu and Kashmir.

Mudstone horizon immediately

underlying Upper Siwalik bentonitized band of the Nagrota /

Uttarbaini Formation.

The shape of the specimens under study is

conical or rounded triangle with one broad end and a tapering end.

The surface is ornamented with tubercle-like structures.

Mathur (1974) reported for the first time fossil

seeds of the family Boraginaceae from the Tatrot Formation

(Quranwala Zone, Sahani and Khan, 1959), about 11 m from

the Tatrot-Pinjore boundary, 3.5 km northeast of Saketi, near

Chandigarh. Similar specimens have been documented by Bhatia

., (2001) from the mudstone immediately underlying the Upper

Siwalik bentonite band. The specimens described here come from

the same stratigraphic level as that of Bhatia (2001).

A considerable amount of information is available on the

ecology of extant charophytes (Wood, 1965). In contrast, little has

been published on the palaeoecology of fossil forms with the

exception of a few recent studies (Tambareau , 1991; Soulié-

Märsche, 1993; Lucas and Kietzke, 1994). The ecology of extant

and fossil forms is similar, so reference is made to extant ecology

while interpreting the ecology of recovered fossil taxa.

Charophytes form dense submerged vegetation in various

kinds of continental waters. Their calcified reproductive organs

(gyrogonites) represent autochthonous microfossils. Soulie-

Marsche (1993) demonstrated that depending upon the species;

charophytes can be used to identify deep and cold freshwater lakes,

o o

Boraginocarpus lakhanpalii Mathur, 1974

Palaeoecological and Palaeoenvironmental Implications
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shallow freshwater lakes or marginal zones of deep lakes-

tuffaceous deposits originating in springs, temporary ponds with

either fresh or brakish water, saline inland waters or tropical lakes.

In situ presence of charophyte flora has been shown to indicate

supratidal-environment or emerged land (Soulié-Märsche, 1994).

Charophytes cannot grow in acid or neutral environments and are

not found in non-calcareous sediments. Generally they occur in

alkaline water bodies, such as lakes and ponds with pH varying

from 7.5 to 8.0. They are superficially fixed on a substratum which

may be mud, sand or silt-covered peat and sand (Moore, 1986). The

climate, hardness and salinity of water are the most obvious factors

affecting of charophytes distribution (Corillion, 1975).The great

majority of extant calcified species producing calcified and thus

fossilizable oogonia are found in temperatures of inter tropical

zones and the fossil record shows the same general distribution

(Soulié-Märsche, 1993). In the extant forms, 15 to 200 mg/litre of

calcium carbonate (CaCo ) are necessary for the calciphilous

species (Corillion, 1975). Another aspect of charophyte ecology is

tolerance of salinity. Some species are entirely lacustrine and others

are restricted to polyhaline biotypes, but most species support wide

ranges of salinity (up to 70ppt, Burne , 1980). Submersion

duration is a key factor for brackish water habitats because it

governs the dynamics of salinity fluctuations. Time and duration of

flooding as inferred from biomarkers provide information about

lake level and rainfall patterns. A distinction is to be made between

ephemeral, temporary and seasonal habitats (Soulié-Märsche,

1991) “Ephemeral” refers to water bodies that last for a very short

period. “Temporary” applies to transient events or actions lasting

for a limited time span, the duration of which is not precisely

defined. “Seasonal” aquatic habitats are flooded at regular intervals

corresponding to a given rainy period. They hold water at least for

3

et al.

one season every year before drying out. This type is most suitable

for the establishment of brackish water charophytes, which are able

to provide abundant fossil remains. In a number of freshwater

environments, the sediments are largely composed of charophyte

remains. Therefore, the presence of charophytes is taken as

evidence for alkaline water bodies with little current action.

Majority of the charophytes recovered from the mudstone

horizon underlying ash beds have living representatives or closely

related forms in the living flora. By making use of the Huttonian

principle "Present is the Key to the Past" a reasonably acceptable

palaeoecological reconstruction of the area can be made. Since the

physical, chemical, and biological factors that control ecological

distribution of a particular taxon might have changed over time, it

would be prudent to use all the members of an assemblage or

different fossil assemblages so that the palaeoecological

interpretations based on one taxon can be tested with that of others.

The fossil evidence for the palaeoecological inferences is derived

from charophytes, ostracodes and gastropods. The present

collection of charaphyte flora is represented as ,

, ,

, cf.

Besides one taxaon of angiospermae seed

is also reported. All the species of

charophytes of present collection indicate freshwater, shallow

lacustrine / pond environment except the species

and cf. which indicate saline

conditions. is generally found in shallow waters

up to a depth of 1-1.5m. and cf. are

active and fructify in between 20-40% of salinity. Short period of

low salinity down to 10% for germination is also tolerated (Dubois,

1968). This genus occurs neither in permanent freshwater nor in

permanently high saline environments. This characteristic makes it

particularly valuable as a marker for seasonal rainfall. But its

occurrence in the freshwater fluvial / lacustrine sediments poses

ecological questions. has been reported from the

present day lakes of Kashmir (Pal , 1962). This is an extant

species still living in the Dal Lake with its more than 2 m.y. older

ancestors. Soulié-Märsche (1989) has demonstrated that abundance

of gyrogonites suggests no transport or reworking during

deposition. As transport during deposition would result in

homogenous distribution, different distribution patterns or

frequencies at different levels would indicate lack of reworking. In

the present study, it is noticed that the distribution of charophyte

taxa is not homogenous at different sites thus giving little credence

to reworking.

The charophytes flora reported from the mudstone stone

horizon underlying volcanic ash beds/ bentonitized tuff bands

indicates an interfluvial - lacustrine depositional environment for

the charophytes bearing mudstone horizon. The recovery of

charophyte flora immediately underlying geochrologically dated

ash beds indicate that age of charophytes is not younger than the

volcanic ash beds. The distributions of charophytes are not

homogenous suggesting the little credence to reworking.

Investigation, Conceptualization,

Hornichara maslovi

Chara contraria Chara rantzieni Chara globularis globularis,

Lychnothamnous breviovatus, Lamprothamnium populosum

Lamprothamnium.

Boraginocarpus lakhanpalii,

Lamprothamnium

populosum Lamprothamnium

Lamprothamnium

L. papulosum Lamprothamnium

L. barbatus

et al.

Conclusions
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