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ABSTRACT

Shukla A, Singh H & Mehrotra RC 2015. A fossil wood of Gynocardia from the Valia Lignite Mine, Bharuch District, 
Gujarat. The Palaeobotanist 64(2): 163–168.

The Valia Lignite Mine situated near Bharuch (Gujarat) is poorly explored as far as the animal and plant remains are 
concerned. In order to explore the mine for building the palaeofloristics and reconstruction of the palaeoenvironment, a few wood 
pieces were collected from there. Subsurface beds of the early Eocene (Cambay Shale Formation) age are exposed in this open cast 
mine. A new fossil wood, Gynocardia eocenica sp. nov., of the Achariaceae is described for the first time from there. Gynocardia 
is monotypic and found in evergreen rain forests of northeast India, Bangladesh and Myanmar. The occurrence of present fossil 
indicates that the genus was originated in India during the early Eocene when the climatic conditions were warm and humid. 
Later on, it became extinct from western India due to the presence of arid to semiarid conditions and confined to northeast India 
having the equable climate.
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okfy;k Hkwjkdks;yk] ftyk Hk:p] xqtjkr ls izkIr xk;uksdkfMZ;k thok'e dk"B

vuqesgk 'kqDyk] gqde flag ,oa vkj- lh- esgjks=kk

lkjka'k

Hk:p ¼xqtjkr½ ds ikl fLFkr okfy;k Hkwjk dks;yk [kku] tgk¡ rd i'kq ,oa ikni vo'ks"k lacaf/kr gSa] de ¼'kk;n½ gh vUosf"kr dh gSA 
iqjkikniv/;;u jfpr djus vkSj iqjki;kZoj.k dh iqulZajpuk gsrq [kku dks vUosf"kr djus dks ogk¡ ls dqN dk"B va'k lax`ghr fd, x, FksA 
bl foo`r [kku esa izkjafHkd vkfnuwru ¼dSacs 'ksy 'kSylewg½ dkyhu dh mii`"Bh; laLrjsa vukofjr gqbZ gSaA ogk¡ ls igyh ckj ,dSfj,lh dh ,d 
vfHkuo ¼uwru½ dk"B] xk;uksdkfMZ;k bvkslsfu;k] tkfr uoe of.kZr dh xbZ gSA xk;uksdkfMZ;k ,dyiz:ih gS rFkk mRrjiwoZ Hkkjr] ck¡Xykns'k 
,oa E;k¡ekj ds lnkgfjr o"kkZ ouksa esa feyrh gSA ekStwnk thok'e dh izkfIr n~;ksfrr djrh gS fd izkajfHkd vkfnuwru ds nkSjku tc tyok;oh 
fLFkfr;k¡ dks".k ,oa vknzZ Fkha bl oa'k dh Hkkjr esa mRir~fr gqbZ FkhA rRi'pkr] 'kq"d ls vn~/kZ'kq"d fLFkfr;ksa dh fon~;ekurk dh otg ls if'peh 
Hkkjr ls ;g foyqIr gks xbZ rFkk fLFkj tyok;q ikus ls ¼jgus ls½ mRrjiwoZ Hkkjr rd lhfer jg xbZA

lwpd 'kCnµtho'e dk"B] xk;uksdkfMZ+;k] ,dSfj,lh] izkjafHkd vkfnuwru] dSacs 'ksy] xqtjkrA
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INTRODUCTION

THE subsurface beds of Cambay Shale Formation (early 
Eocene) are exposed in an open cast lignite mine at 

Valia, situated near Surat in Gujarat (Fig. 1). This mine is 
considered as an extension of the Vastan Lignite Mine because 
shale–lignite sequence of both the mines lies directly over 
the Deccan Trap (Punekar & Saraswati, 2010) in southern 

Cambay Basin. The Valia Lignite Mine is poorly explored as 
far as the animal and plant remains are concerned (Samanta 
et al., 2013). Therefore, a field trip was made to collect 
fossils and one of us (HS) collected a few wood pieces from 
there. However, a number of plant and animal remains were 
described from the nearby Vastan Lignite Mine by various 
workers (Samant & Tapaswi, 2000, 2001; Samant & Bajpai, 
2001; Rana et al., 2004, 2005, 2008; Bhandari et al., 2005; 
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Fig. 1—Geological map showing the Valia Lignite Mine (after Sahni et al., 2006).

Mandal & Guleria, 2006; Nolf et al., 2006; Garg et al., 2008; 
Punekar & Saraswati, 2010; Rao et al., 2013).

GEOLOGICAL SETTING

Deposition of shales in this mine is variable in thickness. 
There are two main lignite seams separated by grey shales 
and carbonaceous shales (Fig. 2) belonging to the Cambay 
Shale Formation which overlies the Palaeocene–early Eocene 
Vagadkhol Formation and underlies the late Eocene Numulitic 
limestone and marl of the Amravati Formation (Sudhakar & 
Basu, 1973). On the basis of dinoflagellate cysts from the 
Vastan Lignite Mine, Garg et al. (2008) assigned Ypresian 
(early Eocene) age to the Cambay Shale Formation. The basal 
lignite seam was 2.8 m thick and the fossil wood pieces were 
collected from the upper layer (at 2.6 m) of this seam (Fig. 2).

MATERIAL AND METHODS

The carbonized wood for the present study was collected 
from the subsurface of the Valia Open Cast Lignite Mine 
(21°34'25" N; 73°10'7" E), located about 30 km SE of 
Bharuch in Gujarat (Fig. 1). The site can be approached from 
the National Highway (NH–8) connecting Kim Four Road 
Junction. The fossil wood pieces were found embedded in 
the upper layer of the basal lignite seam (Fig. 2).

The cross (CS), tangential longitudinal (TLS) and radial 
longitudinal (RLS) sections of the fossil were prepared by 
the standard method of grinding, polishing and mounting in 
canada balsam (Lacey, 1963). The type slides are deposited 
in the Museum of the Birbal Sahni Institute of Palaeobotany, 
Lucknow (BSIP). The thin sections were examined under the 
high power light microscope and the anatomical terms used 

in describing it are those adopted by Wheeler et al. (1986) 
and International Association of Wood Anatomists (1989).

SYSTEMATICS

Family—ACHARIACEAE

Genus—GYNOCARDIA R.Br.

Gynocardia eocenica Shukla et al., sp. nov.

(Pl. 1.1–7)

Description—Wood diffuse porous (Pl. 1.1). Growth 
rings absent. Vessels poorly preserved but distinct at places, 
round to oval, small to medium, tangential diameter 60–160 
µm, evenly distributed, open (Pl. 1.1); perforations simple; 
intervessel pits bordered, alternate, minute. Axial parenchyma 
absent or very rare (Pl. 1.4). Rays closely spaced, 25–35 
per mm, 1–3 (rarely 4 celled) seriate, uniseriate rays made 
up of procumbent cells, 14–18 µm in width and 8–15 cells 
or 15–515 µm in height; multiseriate rays made up of both 
procumbent and upright or square cells with 1 to 4 rows of 
upright/square cells at one or both the ends, 30–60 µm in width 
and 14–40 cells or 249–600 µm in height (Pl. 1.2, 3); ray to ray 
fusion present; ray tissue heterogeneous (Pl. 1.5); procumbent 
cells about 30 µm in radial length and 13–23 µm in tangential 
height; upright/square cells 33–37 µm in tangential height and 
about 30 µm in radial length; prismatic crystals present (Pl. 
1.5); perforated ray cells observed with scalariform thickening 
(Pl. 1.6). Fibres aligned in radial rows, thick walled, polygonal 
in cross section, septa present but poorly preserved (Pl. 1.7).

Holotype—Specimen No. BSIP 40817.



 SHUKLA et al.—A FOSSIL WOOD OF GYNOCARDIA FROM THE VALIA LIGNITE MINE, BHARUCH DISTRICT, GUJARAT 165

Fig. 2—Litholog of the Valia Lignite Mine showing the location of carbonized 
wood (marked by stars).

Horizon—Cambay Shale Formation.
Locality—Valia Lignite Mine, Bharuch District, Gujarat.
Age—Early Eocene.
Affinities—The important anatomical features of the 

fossil such as absence of parenchyma, simple perforations, 
narrow and closely spaced rays with marginal extensions, 
heterogeneous ray tissue and septate fibres, etc. indicate 
its affinities with Flacourtiaceae (Pearson & Brown, 1932; 
Metcalfe & Chalk, 1950; Kribs, 1959; Ilic, 1991). In India, 
the family is represented by nine genera, namely Casearia 
Jacq., Flacourtia Comm.ex L’Hér., Gynocardia R.Br., 
Hydnocarpus Gaertner, Homalium Jacq., Ryparosa Bl., 
Scolopia Schreb., Taraktogenos Hassk. and Xylosma G.Forst. 
(Purkayastha, 1958). A perusal of the insidewood database 
(http: //insidewood.lib.ncsu.edu) indicates that the present 
fossil shows nearest affinities with Gynocardia odorata R.Br., 
especially in having small to medium vessels, absence of 
parenchyma, closely spaced 1–3 seriate homo to heterocellular 
rays, septate fibres and perforated and/or crystalliferous ray 
cells. The other genera can be differentiated either in having 
broader rays (4–10 seriate) or scalariform perforations.

DISCUSSION

Taxonomists have dumped the family Flacourtiaceae 
and its genera have been placed to various families, namely 
Achariaceae, Salicaceae and Samydaceae (APG III, 2009). 
The genus Gynocardia is now placed under Achariaceae. It 
is monotypic and found in evergreen rain forests of India, 
Bangladesh and Myanmar (Fig. 3). In India, it occurs in 
Sikkim and northeast India (Hooker, 1872; Mabberly, 1997).

As far as our knowledge is concerned, no fossil wood 
of Gynocardia has yet been described from any part of the 
world. As it is being reported for the first time, it is described 
as Gynocardia eocenica, Shukla et al., sp. nov., the specific 
name indicating its age. Only a few leaves and a seed of 
Gynocardia are known (Fig. 3) to date from the Siwalik 
sediments (Neogene) of India and Nepal (Konomatsu & 
Awasthi, 1999; Prasad et al., 1999; Khan et al., 2014). Thus, 
the present fossil becomes the oldest record of the genus. 
Its presence indicates that the genus was originated in India 
during the early Eocene when the climatic conditions were 
warm and humid. Later on, it became extinct from western 
India due to the shift in monsoon pattern (Shukla et al., 2013, 
2014) resulting in arid to semiarid climate (Merh, 1995). The 
genus, at present, is confined to northeast India having the 
equable climate.

The plant megafossils from the nearby Vastan Lignite 
Mine belong to Melanorrhoea Wall. and Swintonia Griff. 
of the Anacardiaceae (Singh et al., 2015), Annona Linn. of 
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PLATE 1
Gynocardia eocenica Shukla, Singh & Mehrotra, sp. nov.

1. Cross section of the fossil wood in low power showing shape, size 
and distribution of vessels (marked by arrows) (Scale = 500 µm).

2. Tangential longitudinal section of the fossil in low power showing 
closely spaced rays (MSR = multiseriate ray; USR = uniseriate ray) 
(Scale = 200 µm).

3. Tangential longitudinal section of the fossil in high power showing 
structure of rays (Scale = 100 µm).

4. Cross section of the fossil wood in high power showing absence of 

parenchyma (Scale = 100 µm).
5. Radial longitudinal section of the fossil showing heterogeneous ray 

tissue and prismatic crystals (PC) (Scale = 200 µm).
6. An enlarged multiseriate ray showing perforated ray cell (PRC) with 

scalariform thickening (Scale = 50 µm).
7. Tangential longitudinal section of the fossil showing septate fibres 

(SF) (Scale = 50 µm).

Fig. 3—Distribution of Gynocardia in time and space.

the Annonaceae (Prasad et al., 2014), Calophyllum Linn. 
of the Calophyllaceae, Combretum Loefl. and Terminalia 
Linn. (Singh et al., 2010, 2015) of the Combretaceae, 
Diospyros Linn. of the Ebenaceae (Singh et al., 2015), 
Lagerstroemia Linn. of the Lythraceae (Singh et al., 2010, 
2015), Pterospermum Schreb. of the Malvaceae (Singh et 
al., 2015), Aglaia Lour. of the Meliaceae (Guleria et al., 
2009), Ziziphus Mill. of the Rhamnaceae (Singh et al., 2010), 
Gardenia J. Ellis and Anthocephalus A. Rich. of the Rubiaceae, 
Sarcomelicope Engler of the Rutaceae, Schleichera Lour. of 
the Sapindaceae (Singh et al., 2015), besides a palm (Prasad 

et al., 2013). All these evidences indicate tropical warm and 
humid climate favouring luxurious growth of rain forest in 
the region during the period of deposition. The present finding 
from the Valia Lignite Mine supports this view.

Acknowledgements—The authors are thankful to Prof. Sunil 
Bajpai, Director, Birbal Sahni Institute of Palaeobotany, 
Lucknow for providing infrastructural facilities and 
permission to publish this work. One of them (HS) is grateful 
to the authorities of the Valia Lignite Mine for permitting him 
to collect the fossils.



 SHUKLA et al.—A FOSSIL WOOD OF GYNOCARDIA FROM THE VALIA LIGNITE MINE, BHARUCH DISTRICT, GUJARAT 167

PLATE 1



168 THE PALAEOBOTANIST

REFERENCES

Angiosperm Phylogeny Group 2009. An update of the Angiosperm Phylogeny 
Group classification for the orders and families of flowering plants: APG 
III. Botanical Journal of the Linnean Society 161: 105–121.

Bhandari A, Singh H & Rana RS 2005. A note on the occurrence of ostracodes 
from the Vastan Lignite Mine, Gujarat. Journal of the Palaeontological 
Society of India 50: 141–146.

Garg R, Ateequzzaman K, Prasad V, Tripathi SKM, Singh IB, Jauhri AK 
& Bajpai S 2008. Age diagnostic dinoflagellate cysts from the lignite–
bearing sediments of the Vastan Lignite Mine, Surat District, Gujarat, 
western India. Journal of the Palaeontological Society of India 53: 99–105.

Guleria JS, Sahni A, Shukla A & Singh H 2009. A Teredolites infested fossil 
wood from the Lower Eocene sediments of the Vastan Lignite Mine of 
Gujarat, western India. Palaeobotanist 58: 93–100.

Hooker JD 1872. The Flora of British India. L Reeve & Co., Kent.
Ilic J 1991. CSIRO Atlas of Hard Woods. Springer, Berlin.
International Association of Wood Anatomists 1989. IAWA list of microscopic 

features for hardwood identification. International Association of Wood 
Anatomists Bulletin New Series 10: 219–332.

Khan MA, Spicer TEV, Spicer RA, & Bera S 2014. Occurrence of Gynocardia 
odorata Robert Brown (Achariaceae, formerly Flacourtiaceae) from the 
Plio–Pleistocene sediments of Arunachal Pradesh, northeast India and its 
palaeoclimatic and phytogeographic significance. Review of Palaeobotany 
and Palynology 211: 1–9.

Konomatsu M & Awasthi N 1999. Plant fossils from Arung Khola and Binai 
Khola Formation of Churia Group (Siwalik), west–central Nepal and 
their palaeoecological and phytogeographical significance. Palaeobotanist 
48: 163–181.

Kribs DA 1959. Commercial foreign woods on the American market. 
Pennsylvania State University, Pennsylvania.

Lacey WS 1963. Palaeobotany Technique. In: Carthey JD & Duddington I 
(Editors)— Viewpoint in Biology 2: 202–243. Butterworths, London.

Mabberley DJ 1997. The plant book. A portable dictionary of vascular plants. 
Cambridge University Press, Cambridge.

Mandal J & Guleria JS 2006. Palynology of Vastan Lignite (Surat 
District), Gujarat: its age, palaeoecology and depositional environment. 
Palaeobotanist 55: 51–66.

Merh SS 1995. Geology of Gujarat. Geological Society of India, Bangalore.
Metcalfe CR & Chalk L 1950. Anatomy of the dicotyledons, 1 & 2. Clarendon 

Press, Oxford.
Nolf D, Rana RS & Singh H 2006. Fish otoliths from the Ypresian (Early 

Eocene) of Vastan, Gujarat, India. Bulletin de l’Institut Royal des Sciences 
Naturelles de Belgique, Sciences de la Terre 76: 105–118.

Pearson RS & Brown HP 1932. Commercial Timbers of India, 1 & 2. 
Government of India, Central Publication Branch, Kolkata.

Prasad M, Antal JS, Tripathi PP & Pandey VK 1999. Further contribution to 
the Siwalik flora from the Koilabas area, western Nepal. Palaeobotanist 
48: 49–95.

Prasad M, Singh H, Singh SK, Mukherjee D & Estrada Ruiz E 2013. Early 
Eocene arecoid palm wood, Palmoxylon vastanensis n. sp. from Vastan 
Lignite, Gujarat, India: its palaeoenvironmental implications. Journal of 
the Palaeontological Society of India 58: 115–123.

Prasad M, Singh H & Singh SK 2014. Early Eocene Annona fossils from 
Vastan Lignite Mine, Surat District, Gujarat, India: age, origin and 
palaeogeographic significance. Current Science 107: 1730–1735.

Punekar J & Saraswati PK 2010. Age of the Vastan Lignite in context of some 

oldest Cenozoic fossil mammals from India. Journal of the Geological 
Society of India 76: 63–68.

Purkayastha SK 1958. Family Flacourtiaceae. In: Chowdhury KA & Ghosh 
SS (Editors)—Indian Woods 1: 44–56. Manager of Publications, Delhi.

Rana RS, Kumar K & Singh H 2004. Vertebrate fauna from the subsurface 
Cambay Shale (Lower Eocene), Vastan Lignite Mine, Gujarat, India. 
Current Science 87: 1726–1733.

Rana RS, Singh H, Sahni A, Rose KD & Saraswati PK 2005. Early Eocene 
chiropterans from a new mammalian assemblage (Vastan Lignite Mine, 
Gujarat, Western Peninsular margin): oldest known bats from Asia. Journal 
of the Palaeontological Society of India 50: 93–100.

Rana RS, Kumar K, Escarguel G, Sahni A, Rose KD, Smith T, Singh H & 
Singh L 2008. An ailuravine rodent from the Lower Eocene Cambay 
Formation at Vastan, western India, and its palaeobiogeographic 
implications. Acta Palaeontologica Polonica 53: 14.

Rao MR, Sahni A, Rana RS & Verma P 2013. Palynostratigraphy and 
depositional environment of Vastan Lignite Mine (Early Eocene) Gujarat, 
western India. Journal of Earth System Science 122: 289–307.

Sahni A, Saraswati PK, Rana RS, Kumar K, Singh H, Alimohammadian H, 
Sahni N, Rose KD, Singh L & Smith T 2006. Temporal constraints and 
depositional palaeoenvironments of the Vastan Lignite Sequence, Gujarat: 
analogy for the Cambay Shale hydrocarbon source rock. Indian Journal 
of Petroleum Geology 15: 1–20.

Samant B & Bajpai S 2001. Fish otoliths from the subsurface Cambay Shale 
(Lower Eocene), Surat Lignite Field, Gujarat, India. Current Science 
81: 758–759.

Samant B & Tapaswi PM 2000. Fungal remains from Surat Lignite deposits 
(Early Eocene) of Gujarat, India. Gondwana Geological Magazine 15: 
25–30.

Samant B & Tapaswi PM 2001. Palaeontology of the Early Eocene Surat 
Lignite deposits of Gujarat, India. Journal of the Palaeontological Society 
of India 46: 121–132.

Samanta A, Bera MK, Ghosh R, Bera S, Filley T, Pande K, Rathore SS, 
Rai J & Sarkar A 2013. Do the large carbon isotopic excursions in 
terrestrial organic matter across Palaeocene–Eocene boundary in India 
indicate intensification of tropical precipitation? Palaeogeography, 
Palaeoclimatology, Palaeoecology 387: 91–103.

Shukla A, Mehrotra RC & Guleria JS 2013. Emergence and extinction of 
Dipterocarpaceae in western India with reference to climate change: 
fossil wood evidences. Journal of Earth System Sciences 122: 1373–1386.

Shukla A, Mehrotra RC, Spicer RA, Spicer, TEV & Kumar M 2014. Cool 
equatorial terrestrial temperatures and the South Asian monsoon in 
the Early Eocene: Evidence from the Gurha Mine, Rajasthan, India. 
Palaeogeography, Palaeoclimatology, Palaeoecology 412: 187–198.

Singh H, Prasad M, Kishor K, Rana RS & Singh SK 2010. Fossil fruits 
from Early Eocene Vastan Lignite, Gujarat, India: Taphonomic and 
phytogeographic implications. Current Science 98: 1625–1632.

Singh H, Prasad M, Kumar K & Singh SK 2015. Early Eocene macroflora 
and associated palynofossils from the Cambay Shale Formation, western 
India: Phytogeographic and palaeoclimatic implications. Palaeoworld 
24: 293–323.

Sudhakar R & Basu DN 1973. A reappraisal of Palaeocene stratigraphy of the 
southern Cambay Basin. Bulletin of the Oil and Natural Gas Commission 
10: 55–76.

Wheeler EA, Pearson RG, La Pasha CA, Zack T & Hatley W 1986. 
Computer–aided wood identification: References manual. North Carolina 
Agricultural Research Service Bulletin 474: 1–96.


