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Ten genera and 16 species of fungal spores and three genera and four species of fruiting bodies have been recovered

from the Bhavnagar lignite deposits of Gujarat. Out of these eight species are new. The fungal population suggests a 
humid. tropical climate and deltaic depositional enmvironment.
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INTRODUCTION SYSTEMATIC DESCRIPTION

THE subsurface Bhavnagar lignite deposits are asso- 
ciated with Tertiary sediments of Gujarat. On the west- 
em finge of the Cambay basin the Tertiary formmations

are exposed in Ghogha taluka of Bhavnagar district,
southeast of Bhavnagar town and around villages 

Kuda, Kharsalia, Lakhanka, etc., The Bhavnagar de- 
posits fall between Latitude 21° 26 and 21°43'N and 

Longitude 7207' 30" and 72° 16'30"E (Fig. 1) and balloon shaped; about 59-80 x 43-48 jum in size; cells

covers an area of about 202 sq. km, with an extention of unequal size, smaller cell at the apical end, apical
of 60 to 70 km in length (North-South) and 2 to 3 cells hyaline and almost opaque, basal cell quite big 

km in width (East-West). 

The geology of the area has been worked out by 

the Directorate of Geology and Mining (DGM),
Gujarat. Deccan traps form basement for the overly- 

ing Tertiary sequence. The Deccan traps (Upper Cre- 

taceous to Lower Eocene) are overlain bY 

Genus: Brachysporisporites 
Lange & Smith 1971 

Brachysporisporites magnus sp.nov. 
Plate 1, figs 1& 2. 

Holotype: Plate 1, fig.1: S1. No. C-113, 2. 

Description: Fungal spores di-or multicelluler

and balloon shaped, opaque, about 40-48 um in di- 
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Supratrappean (Paleocene to Lower Eocene). These 

are in turn overlain by lignite bearing Kharsalia Clay 
Formation and is broardly considered to be of Eocene 

age (DGM). However, palynological study indicate 

Early Eocene age for the lignite dep0sits occurming in 

this formation (Samant 1994). The Kharsalia Clay For- 

mation is unconformably overlain by the Guj Forma- 

tion (Early Miocene). The sequence is capped by the 

Recent alluvium. 
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About 55 samples of lignite and clay/shale from 

the Kharsalia Clay Formation were provided by the 

Petrography and Mineral Chemistry Laboratory,
Gandhinagar (Bore holes 569, 608, 617, 612, 703, 

26, of villages Malekvadar, Surka, Thordi & 

Hoetad). The generalised lithological succession is ig. 1. Geological map of the Canbay basin (Moditied after Mathur 

given in Fig. 2. 
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ameter, septate, septa 2-3 um thick; spore wall about cell size gradually increases from center to outer re 
I um thick, smooth. gion. individual cell rectangular in shape: spore wall 

Comparison: The present species differs from B. 
pyriformis Lange & Smith (1971) in having balloon- 
like appearance. B. tenuis Kumar (1990, PI. 1, fig. 
11) in overall morphology resembles the described C. kutchensis (Kar & Saxena) Jain & Kar (1979, 

specimen but latter one is considerably smaller (23- P1.2. fig. 29) has rhomboidal to squarish cells and 
40x 14 -32 um). 

smooth. 

Comparison:Colligeriteschowdhryi proposed 
by Jain & Kar 1979 possesses granulose spore wall. 

planispiral coiling pattem. 
Genus: Callimothallus Dilcher 1965 

Callimothallus sp. 
Genus : Dicellaesporites Elsik emend Sheffy 

&Dilcher 1971 

Dicellaesporites elsikii sp.nov. 

Plate 1. fig.7 

Plate 1, fig. 5 

Description: Ascomata semidiscoidal; about 70 
um in size along longest diameter: slightly eccentric: 

nonostiolate, radial and transverse hyphae fom almost 
rectangular cells, individual cell porate. pores small 20-26 um in size; cells of unequal size; first cell al- 
thick margined, cells towards center are slightly smaller 
than those towards periphery; distinctly marked con- 
strictions along the peripheral margin.

Comparison: The recovered specimen resembles cells: spore wall thin (Ium), smooth and hyaline. 
Callimothallus dilcheri Rao & Ramanujam (1976) 
reported from the Neogene beds of Kerala. However. 
the latter has bottle-shaped cells. 

Holotype : Plate 1. fig. 7 SI. No. C-115, 6. 

Description: Fungal spores bicellate; 40-45 x 

most circular, about 20 um in diameter, second cell 
large and elongate, about 26 X 20 um in size; sep- 
tate, septa thin or I um; marked constriction between 

Comparison: The described specimen resembles 
D. disphaericus Ambwani (1983) reported from the 
Neyveli lignite. However, the latter one is smaller in 
size, and have scabrate sculpture. Genus: Coligerites Jain & Kar 1979 

Colligerites trochus sp.nov. Genus Diporisporites Van der Hammen 

Plate 1, fig. 3 emend. Elsik 1968 

Diporisporites granulatus sp.nov. Holorype: Plate 1, fig. 3: S1. No. C-69, 4. 

Description : Fungal spores multicelluler, coiled; 
trochospiral coiling: 47-60 um in diameter;
nonaperturate; first cell smallest, dark in colour and 

almost indistinct, cells of inner circle dark and fused, elliptical to elongate; 55-62 x 30-35 um in size; pore 

Plate 1, fig. 10 

Holotype: Plate 1, fig. 10: SI. No. C-70,3. 

Description: Fungal spores diporate; dark brown; 

PLATE1 

(All figures x 1,000) 

Figs.I & 2. 

Fig.3. 
Fig.4. 
Fig.6
Fig.7
Fig.8
Fig.9. 
Fig.10. 

Brachysporisporites magnus sp.nov. 
Colligerites trochus sp.nov. 

Callimothallus sp. 

Fig.1 
Fig. .16. 
Fig. .17. 

Fig.18. 
Fig.19. 

Multicellaesporites sp. 
Pluricellaesporites psilatus 
Pluricellaesporites sp. A 
Pluricellaesporites sp. B 
Diporicellaesporites pluricellus
Phragmothyrites eocaenicus 
Phragmothyrites ramanujamii sp.nov. 

Dicellaesporites keralensis 
D. elsikii sp.nov. 

Diporisporites elongatus
D. piercei 

D. granulatus sp.nov. 

Fusiformisporites lineolatus 

Multicellaesporites dilcheri sp.nov. 

Fig. .20. 

Fig 
Figs.22 & 23. Pluricellaesporites globatus sp.nov. 
Fig .24. 
Figs.25 & 26. T. padappakkarensis 

Fig.2 

.21. 

Fig.11. Trichothyrites sp. 
Fig.12. 
Fig 13. M. elsiki Palaeocirrenalia elegans 
Fig 14. M. elongatus sp.nov. .28. Microthyriaceae germling 
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3-4 um in diameter, slightly protruding, slightly rimmed 
to thin margined; spore wall 0.5 to 1 um thick, dis- 

tinctly granulate. 
Comparison: The above described spore differs 

from D. piercei (Varma & Rawat) Elsik 1968 in hav- 

ing larger size and distinctly granulate sculpture. D. 
orvv v v| TOP SOIL7| 

VVV ALLUVIUM 
ankleshvarensis Varma & Rawat (1963) is foveolate 

to pseudoreticulate. 

Genus : Multicellaesporites Elsik emend. 

Sheffy & Dilcher 1971 

Multicellaesporites elongatus sp.nov. 

FINE GRAINED 
SAND 

VARIGATED 
CLAY Plate 1, fig. 14 

Holotype : Plate 1, fig. 14: SI. No. C-111,6. 
10F 

Description: Fungal spores rectangular in shape 

tri-cellate; all the cells of similar shape and size; about 

100-109 um long, individual cell rectangular in shape,. 

about 23-25 x 14-16 um in size, marked constriction 

between the cells; septate, septa about 1-1.5 um thick; 

spore wall about 1 um thick, psilate and hyaline. 

Comparison: The proposed species differs from 

M. prakashii Ambwani (1982) in having smaller size 

and rectangular cells. M. elsikiü Kar & Saxena (1976) 
is tetra-to pentacellate. M. simplicissimus Sheffy & 

Dilcher (1971, PI. 16, fig. 42) is very smallin size with 

very thin septa, and cells without constrictions. Three 

cells, distinct rectangular shape and marked constric- 

tions between cells are the diagnostic features of this 

species. 
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LIGNITE Multicellaesporites dilcheri sp.nov 

Plate 1, fig. 12 

Holotype : Plate 1, fig. 12: SI. No. C-112,6. 

Description: Fungal spores oval in shape; tetra- 

cellate, about 30-32 x 14-20 um in size; terminal cell 

larger than the middle cells, about 10 x 12 um, mid- 

dle cells about 12 x 14 um, ; longitudinal slit in the 

middle region; no constriction of cell wall between the 

cells; septate, septa about 2 um thick, porate; cell wall 

about 1 um thick, psilate and hyaline. 

CARB.SHALE 

70 GRAY CLAY 

H EEE LIGNITE 
CARBISHALE 

GRAY 

CLAY 

0 WITH 

PYRITE 
Comparison: Distinctlythick septa, longitudinal 

slit in the middle region and presence of bigger termi- 

nal cells are the diagnostic characters of this species. 

In M. elsikii Kar & Saxena (1976, PI. 3, figs 29-30), 

all the cells are of equal size and septa is also consid- 

ol 90L 
o UNPRODUCTIVE PRODUCTIVE 

Fig.1. Generalised Lithocolumn of the Bhavnagar Lignite. 
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erably thin. M. ovatus Sheffy & Dilcher (1971, PL.16, and spore wall smooth; spore wall about 1 um thick, 

fig. 44) is oval in shape and four celled, however it smooth. 
differs in having considerably smaller size and distinctly 
tappering one end. M. ellipticuS Sheffy & Dilcher shape, four cells, small terminal cell and thin margined (1971, Pl. 16, fig. 49) is smaller in size with marked 

pore are the diagnostic characters of this sporomorph.

Comparison: The presence of distinct globular 

constrictions between the cells. 

Multicellaesporites sp. 
Plate 1, fig. 15 

The described specimens differ from P psilatus Clarke 
(1965) in having globular shape and 4 cells. P. 

ellipticus described by Kar (1985 PI. 37, fig. 2) is 

Description: Spore cylindrical in shape: penta also tetracelluler, however it is elliptical in shape. 
cellate; about 90 um long; cells are almost of the same 
width; about 15 x 27 um; with constrictions between 
the cells; septate, septal wall about 1-1.5 um thick; 

spore wall thin, less than 1 um thick, with striations 

Pluricellaesporites sp. A 

Plate 1, fig. 17 

Description: Fungal spore cylindrical in shape; 

8 celled; about 60-66 x 20-21 um in size; one open-all over the surface. 

Comparison: Distinct cylindrical shape and ing present; all the cells of unequal size, basal cell al- 

striations all over the surface are the diagnostic fea- 
tures of this sporomorph. Since only one specimen 
could be recovered from this assemblage, no specific 

epithet has been assigned. 

most elliptical, about 17 x 6 um; other cells 

rectanguler; marked constriction between terminal and 

rest of the cells; septate, septa about 2-3 um thick, 
distinct flap like tri-anguler projection on the septa, 
septa thicker than spore wall; spore wall smooth, hya- 

line and about I um thick. Genus: Phragmothyrites Edwards 1922 

Phragmothyrites ramanujamii sp.nov. Comparison: P. alleppeyensis Ramanujam & 
Rao (1978, PI. 2, figs 29-30) is very big in size with 

narrow tail-like apical part and truncated basal part. 

Plate 1, fig. 21 

Holotype: Plate 1, fig. 21 SI. No. C-112, 6. 

Description: Ascomata discoidal; about 65-120 Presence of 8 cells, distinctly elliptical terminal cell and 

um in diameter; nonostiolate; hyphal cells radiating; rest rectangular cells are the diagnostic features of this 

individual cell nonporate, rectangular to squarish, thick species. Since only one specimen could be recovered 

walled; marginal cells bigger, hyaline and smooth. 

Comparison: The proposed species differs from signed. 

P. eocaenicus Edwards (1922) in having distinctly

thick walled, squarish to rectangular inner cells, and 

hyaline marginal cells. A good frequency of this spe- 

cies is present in this assemblage. 

from the assemblage, no specific name has been as- 

Pliuricellaesporites sp. B 

Plate 1, fig. 18. 

Description: Fungal spore multicelluler; 90 um 

long; almost cylindrical; marked neck-like constriction 

after every four cells; individual cell rectangular, about 

5-6 jum long; septate, septa about 2 um thick, thicker

than spore wall, in some septa distinctly trangular, flap-

like structure is present, contact between septa and 

spore wall smooth; spore wall about 1 um thick, 

psilate. 

Comprison: Distinctly neck-like constriction af 

Genus : Pluricellaesporites Van der Hammen 

emend. Elsik 1968 Pluricellaesporites globatus 
Sp. nov. 

Plate 1, figs 22 & 23 

Holotype: Plate 1, fig. 22: S1. No. C-116,8. 

Description : Fungal spores globular in shape, 

tetra cellate; 46-49 x 28-33 um in size; terminal cell 

wuporcPOTe thin margined, teminal cell smaller than ter every four cells is the diagnostic feature of this type. 

rest of the cells; septate, septa about 2-4 um thick, Due to the recovery of a single specimen in the as- 

septal wall curved or straight, contact between septa semblage, no specific name has been assigned.
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Genus: Trichothyrites Rosendahl 1943 

Trichothyrites sp. 
10. Phragmothyrites eocenicus Edwards 1922 
I1. Pluricelluesporites psilatus Clark 1965 

12. Trichothyrites padappakkarcnsis (Jain & 
Gupta) Reddy et al. 1982 

Plate 1, fig. 24 

Description: Fruit body dark brown in colour; 
discoidal, about 71 um in diameter; free mycellium 
absent; ostiolate, more or less rounded, concentric, 
without projections inside ostiole, encircled by 2-3 
layered dark brown cells which are almost fused 
around ostiole, rest of the cells almost circular to rec- 

tangular, all the cells of almost same size, transverse 
and radiating hyphae considerably thick margined, mar- 
gins of ascomata smooth to slightly undulating. 

PALAEOCLIMATEAND DEPOSITIONAI 
ENVIRONMENT 

For depicting climate and depositional envirorment 
fungal remains were compared with modern taxa 
(Table 1). 
Table 1: Affinities of the fossil spores with extant taxa. 

Comparison: The recovered specimens resem- ble 7. sastryi Patil & Ramanujam (1988, PI. 1, fig.2) 
in having smooth ostiole and presence of thick 
margined cells around ostiole. However, the former is 

considerably smaller in size with all the cells of equal 
size and almost circular to rectangular shape of cells. 
T. padappakkarensis (Jain & Gupta) Reddy et al. 
(1982, Pl.2, fig. 8) possess circular papillate cells in- 
side the ostiole. Only one complete specimen could 
be recovered from the samples. However, numerous 

fragments of similar type were found in the dispersed 

Fossil Taxa Affinities with extant taxa 

Brachysporisporites Brachysporium (Hyphomycetes) 
Colligerites Habsonia (Hyphomycetes) 

Fusiformisporites Cookeinia (Ascomycetes) 
Multicellaesporites elsikii Anellophorella, Stigira. Compacta 

(Hyphomycetes) 
Palaeocirrenalia elegans Cirrenalia (Hyphomycetes) 

Presence of foliaceous ascomata affiliated to the 
modem Microthyriaceae indicate moist climatic con 
ditions at the time of deposition of this lignite. The re- 

covery of spores and pollen of Cyathe aceae. Apart from the recovery of good frequency of Polypodiaceae, Schizacaceae, Gleicheniaceae. 
Arecaceae, Araceae, Lecythidaceae, Dracenaceae. have also been recovered from this lignite (PI. 1, fig Araliaceae, Symplocaceae, Bombacaceae.
Gunneraceae, Sapotaceae, Caesalpiniaceae, 
Ctenolophonaceae, Proteaceae, Gonystylaceae. 
Ebenaceae, Alangiaceae, Pedaliaceae and Olacaceae 
also indicate moist tropical climate (Samant, MS) 

condition. 

fruiting bodies, variety of microthyriaceous germlings 

28). 
List of known fungal remains recorded: 

1. Callimothallus pertusus Dilcher 1965 

2. Dicellaesporites keralensis Kumar 1990 
The common occurrence of Palaeocirrenalid. 3. Diporicellaesporites pluricellius Kar & Saxena throughout the lignite deposits is also signiticant as it 1976 

is affiliated to moderm Cirrenalia which is a chara 4. Diporisporites elongatus Van der Hammen 1954 teristic fungus of brackish to marine waters (Ellis 
1976). Therefore, it scems more probable that this lig- 
nite was deposited under the intluence of brackish wa- 

ter in delatic to near deltaie environment. 

5. D. pierceii (Varma & Rawat) Elsik 1969 

6. Fusiformaesporites lineolatus Shelfy & Dilcher 
1977 

The topmost layer of this lignite yielded thiek 
hyphal mats and high frequency of fungal spores. In 
Successively overlying clay/shale sequence. fossil pol 8. Multicelluesporites elsikii Kar & Saxena 1976 len of Spinizomocolpites are abundantly present. The 

7. Monoporisporitles kerulensis Ramanujam & Rao 
1978 

9 Palaeocirrenalia eligans Ramanujam & ollen of Spinizonocolpites is atfiliated to the extant Srisailam 1980 rhizomatie palm Nypa fruticans. The modem Nypa 
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is a typical member of true mangrove vegetation. Pres- Mineral Exploration Circle, Ahmedabad for providing 
ence of thick hyphal mats, high frequency of fungal samples of the Bhavnagar lignite. Thanks are also due 

spores and Spinizonocolpites (Nypa) collectively in- to the Head, School of Studies in Geology and WRM 
dicate the near deltaic condition for the deposition of PL Ravishankar Shukla Univ. Raipur for providing the 
this lignite. Record of onset of Early Eocene transgres- working facilities. 

sion in the Cambay Basin (Bhandari & Raju 1991) 
further supports the deltaic depositional environment. REFERENCES 
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