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ABSTRACT

Singh SK & Prasad M 2008. Fossil leaf-impressions from the Late Tertiary sediments of Mahuadanr Valley, Latehar
District, Jharkhand, India. Palaeobotanist 57(3): 479-495.

Morphotaxonomical study of thieaf impressions collected from the Late Tertiary sediments of Mahuadanr Valley,
Jharkhand, Indidnas been done. The comparison of morphological features between the fossils and extant taxa revealed
the occurrence of 13 species of 5 dicotyledonous families. On the basis of present assemblage the palaeoclimate and
phytogeography of Mahuadanr area during the Late Tertiary have been deduced. Present distribution of all the modern
comparable species of the fossils indicates that these are presently found to grow in the tropical forests of the Himalayan
foot hills, central India, south India and adjoining area of the Mahuadanr Valley, suggesting a mixed, mesophytic type of
forest was flourishing in and around the fossil locality during the sediment#@smost of the comparable species are
found now-a-days in the vicinity of fossil locality of Mahuadanr it indicates that same flora has continued till now which
suggests that there has been no marked climatic change in the area since the Late Tertiary time.

Key-words—Leaf impressions, Angiosperms, Palaeoclimate, Phytogeography, Late Tertiary, Mahuadanr, Jharkhand
(India).

IRA | ARG & ARER N9 #i 7geeR el & i qoias aeel & o< qoi-81g e
do1 FAR e ud wew gEE

qiT

TR & RS T F1 AEIER A1 & S oo SrawEl § S Il e (YEIeH) H ABRANGE TeFaT I & g 5
SHenest Td frgge @i R qEi B gor 5 e oRant # 13 i i g2 ¥ 1 offow gared & IR Aganen
BT %l A Al A GUTaTg 4 e A & SR TR G @1 2 | Sine & S g Jerie S & aian Gaeer 3
FAE R A adum & fererdt PiRart & Somfedda o, mer wwd, el wd o sgenei & ema-oe e ¥ o a )
I B A AT YR & AG-UT A, FAEEE TR S a0 P e ST JRatad e €1 37 R Agae &1 siaren
SUERT & TS H Qe S % T E | 369 98 €ohd (el § % 98 aedt i o o g & S e e © i e
FT T AT H FE I STearg aiade T ger B |

T =T BT, TGS, JUSierary, TEusfi, S Jares, qgerer, aREs (W) |

Changing Scenario in Palaeobotany

. . . . and Allied Subjects
© Birbal Sahni Institute of Palaeobotany, India Editor : 1.S. Guleria



480
INTRODUCTION

AHUADANR Valley (84°06' N: 23°23' E) lies in the

District Latehar of Jharkhand, about 116 km south of
Daltenganj (Fig.1). In the valley, the fossiliferous beds are
exposed along Birha River and its tributary Jhumari and near
Rajdanda Village. The exposed rock mostly consists of
sandstone and shale. Puri and Mishra (1982) recorded for the
first time fossil bird, fish and plant fossils. Later, a number of
leaf, flower and fruit impressions and silicified woods were
recorded from this area (Bande & Srivastava, 1990; Prakash er
al., 1988; Srivastava & Bande, 1992: Srivastava ef al., 1992;
Srivastava & Srivastava, 1998; Srivastava, 1998; Singh &
Prasad, 2007; Singh & Chauhan, 2008). Out of a large number
of leaf impressions collected from the Late Tertiary sediments
of Jhumari nala section Mahuadanr Valley, Jharkhand, only a
few are found to be well preserved and suitable for their
identification. A detailed study on these leaf impressions
revealed the occurrence of 13 taxa belonging to 10 genera of 5
dicotyledonous families which have been described and
discussed in the present communication.

GEOLOGICAL SETTING OF THE MAHUADANR
VALLEY

The part of Jharkhand State which extends from south of
the Ganges in the north to the hill ranges on the border of
Orissa in the south is structurally divided into two broad
tectonic divisions.

1. Gangetic plains

2. Chotanagpur Plateau region

The present fossil locality comes under the Chotanagpur
Plateau region (Roy Chowdhury, 1974). The geology of this
area has been worked out in detail by Purj and Mishra (1982;
Fig. 1).

The geological sequence proposed by Puri and Mishra
(1982) for the rocks exposed in the area is as under:

Recent Newer Alluvium

Holocene Older Alluvium
Unconformity-
Shale bed 32m

Upper Tertiary Sandstone bed 30m

Conglomerate bed 20m
Unconformity
Pyroclastic rocks 6.0m

Unconformity:
Precambrian Chotanagpur Granite Gneiss
MATERIAL AND METHOD

About 125 fossil leaf impressions were collected from
the Late Tertiary sediments exposed along the Birha River and
its tributary Jhumari nala. The fossil locality is easily
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Fig. 1—Geological map of the study area (After Puri & Mishra, 1982).

approachable by road and situated about 4 km from Mahuadanr
Village on a road connecting to Daltenganj. The fossil leaf
impressions were well preserved on brown clay shales but
were mostly devoid of cuticles. These were studied with the
help of low power microscope under reflected light. Their
identification has been done through the consultation of a
number of herbarium sheets of extant taxa at the Herbarium of
Central National Herbarium, Sibpur, Howrah and Botanical
Survey of India, Allahabad. For the description of leaf
impressions, the terminology given by Hickey (1973) and
Dilcher (1974) has been followed. For the assignment of these
identified leaf impressions the name of comparable extant
species has been used to avoid any taxonomical problem. The
photographs of both fossil and modern comparable leaves
were taken on 35 mm B/W film using SLR (Yashica Camera).
The photos of comparable leaves of extant species have been
put along with those of fossil leaves in plates to show their
close similarity.

All the figured specimens and their photonegatives are
kept in the Museum, Birbal Sahni Institute of Palacobotany,
Lucknow.

SYSTEMATICS

Family—Rutaceae

Genus—Micromelum Blume
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Micromelum pubesceiume percurrent, seemingly branched, almost straight, oblique in
) relation to midvein, predominantly alternate and close.
(Pl.1.1,2,Pl.2.6) Discussior—The most important characters of the
Material—The leaf-impression is without apex.present fossil leaves such as elliptic shape, obtuse base,

Preservation is fair and enough to reveal the finer details\gfnge_d petiole and eL_Jcamptodromous-_broch|dodromous
: venation, presence of intersecondary veins, percurrent and
the leaf architecture i LT . ;
. . . close tertiary veins, indicate their resemblance with the leaves
Description—Leaf simple, asymmetrical, narrow oblong; . . . :
: . ) of Citrus aurantiumLinn. of the family Rutaceae (C.N.H.
preserved lamina size 1x@l.5 cm; apex slightly broken; baseHowrah Herbarium Sheet No. 66; PI. 1.8)
oblique; margin entire; texture chartaceous; petiole indistinct;  a¢ far as authors are aware there is no record of fossil

venation pinnate, eucamptodromous; primary vein (1°) singlgaf of Citrus Linn. from the Tertiary sediments of India and
moderate, markedly curved; secondary veins (2°) 12-13 paifisroad. This fossil leaf forms its first record from the
visible, 0.5 to 0.9 cm apart, alternate to opposite, angle Pfahuadanr area.

divergence moderately acute (55-65°), angle of divergence more The genusCitrus Linn. includes about 16 species
acute on one side of the leaf than on the other, relatiigabberley, 1997)Citrus aurantiumLinn. is a small tree
thickness of secondary vein, moderate, course curvggbwing in hot valleys along the foot-hills of Himalaya from
uniformly, joining superadjacent secondaries at acute angtsarhwal eastwards to Sikkim and in the Khasia Hills (Hooker,

intersecondary veins present, simple; tertiary veins (3°) anglg72). It is also found in the forest of Chotanagpur region.
of origin usually RR, percurrent, straight to sinuous, right anghqains, 1910).

to oblique in relation to midvein, predominantly alternate and ] o
close. Citrus medicd.inn.
Discussior—The important distinguishing features of (P1.2.1,3)

the present fossil are asymmetrical narrow oblong shape, entire paterial—Two leaf-impressions. Preservation is good
margin, eucamptodromous venation, moderately acute a”%ﬁough to reveal morphological details of the.leaf

of secondary veins and presence of intersecondary veins Description—Leaf symmetrical, narrow oblong;
which indicate that the fossil leaf shows affinity with the 'eaveﬁ'reserved lamina length 7.5 cm, 4.0 cm and maximum width 3.5

of the genusviicromelum pubescerBlume of the family cm, 2.5 cm; apex indistinct; base rounded, normal; margin
Rutaceae (C.N.H. Howrah Herbarium Sheet No. 9661, PI. l'a'oken, seemingly non entire; gland not visible; texture

So_far, there is no record of any fossil !eaf resembl.inghartaceous; petiole not preserved; venation pinnate,
genusMicromelumBlume from the Tertiary sediments of Ind'aeucamptodromous-brochidodromous; primary vein (19) single,

,?hned Llifggrlérl}gfypsf;%;;?:sc;:‘ I,\e/lth]?;r;;n'rt?;gzt record frorp]>1rominent, stout, straight; secondary veins (2°) 7 pairs visible,

: . ., 0.41t0 1.0 cm apart, alternate to opposite, angle of divergence
The genusdicromelumBlume includes about 9 tropical (45°-65°), uniformly curved joining superadjacent secondaries
species (Mabberley, 199Wicromelum pubescer&ume is ' y J gsup )

distributed in central and eastern Himalaya, Nepal, Sikkim aﬁ\&gcute angl'e, intersecondary veins present, freq_uent; tertiary

Assam. It is also common in Bangladesh, Myanmar and gfinss (3°) fine, poorly_ preserved, angle of orgin RR'AO.’

Lanka (Hooker, 1872). Itis also found in Singbhum, Hazariba@’?rcurrem’ almost straight, alternate to opposite, oblique in
e

especially in evergreen forests (Hains, 1910). Iatiqn to minein, clqse. i i
Discussior—The important diagnostic features of the

present fossil leaves are narrow oblong shape, normal, rounded
base, chartaceous texture with pinnate, eucamptodromous-
brochidodromous venation and joining of superadjacent
(PI.1.4-7) secondaries at acute angle, indicate their resemblance with

Material—Two |eaf-impression3, one with Counterpart_the genu@itrus Linn. of the fam”y Rutaceae in order to find

Description—Leaf almost symmetrical, elliptic; preservedout nearest specific affinity the extant leaves of all the available
lamina length 6.6 cm and width 3.0 cm; apex obtuse; baseecies of above comparable genus were examined and
obtuse; margin entire; texture coriaceous; petiole wingeg@ncluded that the leaves@trus medicd.inn. show closest
venation pinnate, eucamptodromous-brochidodromousimilarity in shape, size and venation pattern (C.N.H. Howrah
primary vein (1°) single, moderate, straight; secondary veiherbarium Sheet No. 552074, PI. 2.2). The fossil leaves showing
(2°) 6 pairs visible, distantly placed, about 1.0 to 1.5 cm apamsemblance with the genGg&rus Linn. described earlier in
alternate to opposite, angle of divergence (50°-60°), moderattis text are entirely different from present fossil. The present
acute, uniformly curved, joining superadjacent secondary fatsil differs in possessing narrow oblong shape with normal
acute angle, intersecondary veins present; tertiary veins (g&tiole in comparison to elliptic shape with winged petiole in
fine, poorly preserved, angle of origin usually RR, rarely AGthe earlier reported fossil leaves.

GenusCitrus Linn.
Citrus aurantiumLinn.
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The comparable taxoitrus medicalinn. is found in The genusAcronychiaFrost. consists of about 43
tropical to subtropical region (Willis, 1973). It grows in wastespecies of shrubs and trees (Mabberley, 198@onychia
places especially on the Hazaribagh Plateau and frequerdyrifolia Blume with which fossil resembles is a small tree
found at the moist places in the Sub-Himalayan zone anddrpwing in Sikkim, Himalaya, Assam, Chittagong, Eastern and
Duars (Haines, 1910). It also grows in the outer valley d¥festern peninsula (Hooker, 1872; Haines, 1910).

Kumaon, Pachmarhi, Garo Hills, Satpura Hills and Western
Ghats (Brandis, 1906). Family—Fabaceae

Genus—Cassialinn.
Genus—AcronychiaFrost Cassia nodosaiamilton

Acronychia laurifoliaBlume (P1.3.3,5)

(Pl-24.6) Material—Single, almost complete leaflet impression

Material—Single, well preserved leaf-impression. with fair preservation.

Description—Leaf aimost symmetrical, oblong; lamina  pescription—Leaf asymmetrical, ovate, length 6.0 cm,
10.7x 3.1 cm; apex seemingly acute; base acute, normal; margjfth 2.5 cm; lamina and base asymmetrical; apex slightly
almost entire; texture chartaceous; petiole normal; venatigpoken; base normal; margin entire; texture coriaceous; petiole
pinnate, brochidodromous; primary vein (1°) singléyormal, less than 0.2 cm; venation pinnate, eucamptodromous;
prominent, moderate, slightly curved; secondary veins (2°)p@imary vein (1°) single, moderate, straight; secondary veins
pairs visible, alternate to opposite, angle of divergence acyigs) more than 14 pairs visible, closely placed, less than 0.4 cm
upper more acute than lower, secondaries 0.6 to 1.4 cm apé{)tart, alternate to opposite, angle of divergence is acute
moderate, joining superadjacent secondaries at right an 'ﬁroderate), uniform, straight, joining superadjacent
intersecondary veins present, composite; tertiary veins (§dcondaries at acute angle, intersecondary veins present,
fine with angle of origin AO-RR, percurrent, branchedgim e frequent; tertiary veins (3°) fine, poorly preserved, angle
approximately at right angle in relation to midvein ¢ oiqin RR, percurrent, almost straight, sometime branched,
predommant_ly alternate and C'OS?- obligue in relation to midvein, alternate to opposite and close.

Discussior—Almost symmetrical, oblong shape, acute Discussior—Asymmetrical, ovate shape, coriaceous

apex, entire margin, p!nnate, broch|'d0drom9us Venat'(?féxture, eucamptodromous venation, closely placed secondary
prominent, moderate, slightly curved primary vein, composi eins with acute angle of divergence and percurrent, RR

intersecondary veins and fine with angle of origin AO-R t?rtiaries are important characters of fossil leaflet which show

tertiary'veins. qollegtively indicate that the present fossjl Ieﬁs similarity with the modern leaf /leaflets®§zygium cuminii
shows its affinity with the leaves of extant gemsonychia Cassia fistula, Cryptolepis buchananii, Cassia nodosa

Frost. of the family Rutaceae. A critical examination of a numb chna squamosandFicus microcarpa(Syn.F. retusa) on

of herbarium sheets of different species of this genus Wgrsltical examination of a number of herbarium sheets of above
carried out and found that the modern leave&aybnychia

laurifolia Blume. (C.N.H. Howrah Herbarium Sheet No. 10470:;axa’ |;c)||s foun(_jthtr:rz]at lth(fal ?r((a;gnt_ foss(;l s:;lows_ltthe clfosest
Pl. 2.5) show closest similarity with fossil leaf. esemblance wi € \eallelsibassia nodosalamiton o

The fossil leaf resembling the gerAsronychiahas been tlhzzégr(?lg I;afaceae (C.N.H. Howrah Herbarium Sheet No.
described undekcronychia siwalicafrom the Lower Siwalik Th’ - i‘? isis fairl I din the Tert
sediments of Kathgodam area, Nainital District, Uttaranchal e genus.assias fairly well represented in the Tertiary

by Prasad (1994). This fossil leaf is small elliptic in shape havir?é Indian sgbcontinent and known by _fOSS" wood, fruit as
closely placed secondaries with 2-3 intersecondaries Yfg @s leafimpressions (Prakash, 1966; Lakhanpal & Guleria,

between them. Thus the present fossil is entirely differefte2: Navale, 1973; Awasthi, 1979; Acharya & Roy, 1986;

from earlier known fossilAcronychia siwalic®rasad. Prakash, 1975). The fossil leaflets of the geassiaso far
PLATE 1

(All figures are of natural size unless otherwise mentioned) )
Micromelum pubescenBlume 5. Venation details of fossil leaf (fig. 4) showing venation pattern
1. Fossil leaf in natural size; BSIP Specimen no. 39357. near margin. x 3.
2. Venation pattern of fossil leaf near the margin. x 2.5 6. Another fossil leaf in natural size; BSIP Museum Specimen no.
3. Modern leaf in natural size. 39359.
Citrus aurantium Linn. 7. Counterpart of (fig. 4) 39358.

[ee]

4. Fossil leaf in natural size; BSIP Specimen no. 39358. Modern leaf in natural size.
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described from the Tertiary sediments of India and Nepal The fossil leaf resembling the geritrgthrinaLinn. was
(Prasad, 2008) are different from the present fossil leaflets eitlfiest reported by Bande and Srivastava (1990) from the Late
in shape and size or venation pattern. Tertiary sediments of Mahuadanr Valley. This fossil shows
The genusCassialinn. consists of 340 species closest affinity with the extant tax&mythrina suberos&oxb.
spreading everywhere in tropical and subtropical regior@d differs in having less number of secondaries (only 4)
whereas few species are extra tropiCaksia nodosklamilton  instead of about 7-8 pairs in the present fossil.
is distributed from eastern Himalaya to Mallucca (Hooker, 1872).  The genu&rythrinaLinn. consists of about 112 species
It is found in Silhet, Chittagong hill tract, Andamans, and ifMabberley, 1997). The exant taxdgrythrina lithosperma
evergreen forest of Martaban and upper Tenasserim (Brandyig. with which the fossil shows closet similarity is a tall tree
1906). It is also very common in the forest of Chotanagpgistributed in Java, Philippines and Myanmar (Hooker, 1872).
(Wood, 1903; Haines, 1910).

Genus—Butea Roxb.
Genus—Erythrina Linn. Butea frondos&oxb.
Erythrina lithospermaMig. Pl.4.1:Pl. 2.7)
(Pl.3.1) Material—Single, well preserved leaf-impression.

Material—Single, incomplete leaf-impression without ~ Description—Leaflet asymmetrical, ovate; preserved
basal part. Preservation is fair enough to reveal the finer detd@glina 6.0 x 4.1 cm; apex slightly broken; base obtuse,
of the leaf. inequilateral; margin entire; textuchartaceous; petiole not

Description—Preserved leaf length 12 cm, width 12 cmpreserved; venation pinnate, craspedodromous, simple;
apex acuminate; base not preserved; margin entire; text@fénary vein (1°) single, moderate, straight; secondary veins
chartaceous; petiole not preserved; venation pinnat@’) 6 pairs visible, alternate to sub opposite, 0.6-1.2 cm apart,
eucamptodromous-brochidodromous; primary veingiiijle, angle of divergence moderately acute (about 55°), more acute
stout, straight; secondary veins (2°) 7 pairs visible, 1.8-2.5 @ one side of leaf than the other side; intersecondary veins
apart, alternate to subopposite, angle of divergence acute} seen,; tertiary veins (3°) fine with angle of origin usually
(about 60°), moderately thick, curved uniformly, forming loofiRR, percurrent, almost straight, sometimes branched, oblique
with superadjacent secondary veins at right angle; tertiai§ nearly right angle in relation to midvein, predominantly
veins (3°) fine, angle of origin usually RR, percurrent, straigliternate and close.
to sinuous, relationship with midvein oblique, predominantly ~ Discussior—The diagnostic features of the present fossil
alternate and close; quaternary veins (4°) fine, arising at rigé@f are asymmetrical ovate shape, obtuse inequilateral base,
angle forming orthogonal to polygonal meshes. chartaceous texture, craspedodromous venation, moderately

Discussior—The important diagnostic features of theacute angle of divergence of secondaries veins which is more
present fossil leaf are acuminate apex, chartaceous text@eyte on one side of leaf than the other. These features
entire margin, eucamptodromous-brochidodromous venatiamllectively indicate that the present fossil leaf shows its
with stout, straight primary vein, distantly arranged secondaaffinity with the leaves of extant genBsiteaRoxb. of the
veins with acute angle of divergence and RR, percurrent afadnily Fabaceae. On critical examination of the leaf from the
straight to sinuous tertiaries veins indicate that the fossil Ieaé¢rbarium sheets of this genus, it has been seen that the
shows close resemblance with the extant leavEsydfirina modern leaf ofButea frondosaRoxb. (C.N.H. Howrah
Linn. of the family Fabaceae. In order to find out nearest specifiterbarium Sheet No. 2877; PI. 4.2) has the closest similarity
affinity, extant leaves of all the available specieBmgthrina  with fossil leaf.
were examined and found that the leave<ofthrina So far, there is no fossil record®fiteaRoxb. leaf from
lithospermaMiqg. show closest similarity in shape, size andhe Tertiary sediments of India and Nepal. The present fossil
venation pattern (C.N.H. Howrah Herbarium Sheet No. 1884lEaf forms its first record from the Late Tertiary sediments of

Pl. 3.2). Mahuadanr area.
PLATE 2

(All figures are of natural size unless otherwise mentioned) )
Citrus medica Linn. 5. Modern leaf in natural size.
1. Fossil leaf in natural size; BSIP Museum Specimen no. 39366.. Details of venation of fossil near margin. x 2.
2. Modern leaf in natural size. Butea frondosa Roxb.
3. Details of venation of fossil near margin. x 2.5. 7. Venation details of fossil leaf (Pl. 4.1) showing venation pattern
Acronychia laurifoliaBlume. near margin. x 2.

4. Fossil leaf in natural size; BSIP Museum Specimen no. 39361.
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The genusButeaRoxb. consists of about 2 species Genus—Olax Linn.
(Mabberley, 1997 Butea frondos&oxb. is a small tree which Olax scandenBoxb.
occurs in India, Sri Lanka and Myanmar (Hooker, 1872). Itis Pl.5.1,2)

very common in central and southern area of Palamau and
Hazaribagh. It is also found subgregariously in some grass Materia—Single, almost complete and well preserved

lands of North Champaran (Haines, 1910). leaf impression.
Description—Leaf symmetrical, narrow elliptic, length
Genus—MezoneurumDesf. 7.8 cm, width 3.3 cm; apex acute; base rounded; margin entire;

texture chartaceous; petiole 0.4 cm, normal; venation pinnate,
eucamptodromous- brochidodromous; primary vein (1°) single
(P1.4.3; PL.5.7) moderate, straight; secondary veins (2°) about 8 pairs visible,
.51t0 2.5 cm apart, alternate, seemingly unbranched, angle of
ivergence moderately acute (about 65°), almost uniform,
joining superadjacent secondary at right angle; intersecondary
veins present, simple; tertiary veins (3°), fine with angle of
igin RR, percurrent, usually straight, oblique in relation to

Mezoneuam cucullatunwight. & Arn.

Material—The fossil is represented by an impression og
almost complete leaflet.

Description—Leaflet symmetrical, ovate, lamina length
5.2 cm, width 2.3 cm; apex attenuate; base obtuse, nor

marg;_n entl_re, tte xture CO”"’}[CZOUS’ petlgle nho_':j p(;eservequ_idvein, predominantly alternate and close.
venation pinnate, eucamptodromous-brochidodromous, Discussior—Narrow elliptic shape, rounded base, entire

primary vein (1°) single, moderate, straight; secondary Veiﬂ‘?argin with eucamptodromous-brochidodromous venation
(2°) poorly preserved, about 7 pairs visible, ’

veins present, simple; tertiary veins (3°) not clearly seen dé’@andens, Aglai roxburgii, Salix tetraspermum, Garuga
to poor presgrvann. . _pinnata.However, on critical examination of the herbarium

_ Discussior—Attenuate apex, obtuse base; entire margiilyeets of above taxa it has been concluded that the present
with eucamptodromous-brochidodromous venation  anfsgi| eaflet shows the closest resemblance with thatat

closely placed secondary veins are the important charactgtgngengoxb. of family Olacaceae (C.N.H. Howrah Herbarium
of fossil leaflet which have been seen in the leafleGiata Sheet No. 82716; PI. 5.3).

acida, Mezoneurum cucullatum, Clitoria ternatetmwever, So far, only one fossil leaf impression showing close

it shows the closest resemblanc_e with the leaflets Pésemblance with gen@lax is described from the Siwalik
Mezbon_eurun;] cucullatum/f the f?ml'ly FapacEae (F'_R'I' sediments of Suraikhola area, western Nepal by Prasad and
Herbarium Sheet No. 897/16413; Pl. 4.4) in shape, size aﬁgndey (2008) undé&iax banksiiwhich shows closest affinity

venation pattern. with the leaf oDlax wightianawall. ex W. & A.Olax banksii

As far as the authors are awa_re, therc_a Is no fossil r_ec%{l ers from the present fossil in possessing acute base.
of the genudMlezoneurunfrom Tertiary sediments of India. The genusOlax Linn. consists of about 25 species

The present fossil leaf forms its first record from the I‘atgistributed in tropical regions of the world (Mabberley, 1997).

Tertiary sediments of Mahuadanr area, Jharkhand. . Olax scanden&oxb. with which fossil leaflet shows similarity

The genusMezoneuruncomprises about 10 species, . . . .

_ . : . isa shrub found in tropical western Himalaya, Kumaon, Bihar,

distributed in mostly tropical Asia. The comparable taxon : : !

) . . central and southern India, Rohilkhand, Myanmar and Sri

Mezoneurum cucullatuis found in eastern Himalayas from anka (Hooker. 1872). It is very commen in the forest of
Nepal, ascending to 4000 ft, to the Khasi hills, Bihar and tll‘ﬁh ( ' ). ILis very :

western peninsula (Hooker, 1872). It is also very common | otanagpur region (Wood, 1903).
the forest of the Chotanagpur along the streams (Wood, 1903; Family—Cucurbitaceae

Haines, 1921). Genus—Trichosanthed.inn.

Family—Olacaceae Trichosanthes palmat&oxb.
PLATE 3
(All figures are of natural size unless otherwise mentioned) )
Erythrina lithosperma Mig. Cassia nodosaHamilton.
1. Fossil leaf in natural size; BSIP Museum Specimen no. 39363. Fossil leaf in natural size; BSIP Museum Specimen no. 39363.
2. Modern leaf in natural size 4. Modern leaf in natural size.

5. Details of venation of fossil near margin. x 3.
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(P1.4.5) preserved; venation pinnate, craspedodromous to
eucamptodromous; primary vein (1°) single, prominent,

imprg/lsitiggal—Smgle, incomplete and well preserved Ieaf_moderate, straight; secondary veins (2°) 9-10 pairs visible, 0.6

S . . 0 1.4 cm apart, alternate to sub opposite, angle of divergence
Description—Leaf simple, symmetrical, ovate; preserveé P - 9 9

lamina 10 x 10 cm, lobed, apex not preserved, base auricul id'.e acute, uniform, moderate, I_ov_ver secondaries recurved;
: ' ! . ' . ?tlary veins (3°) fine, angle of origin usually AO, percurrent,

margin lobed; texture coriaceaous; petiole 1.6 cm long, thic raight to wavy, sometimes branched, oblique in relation to

normal; venation actinodromous, three primary veins arising. ;. «in alterna’te to opposite and clos’,e.

from the single point, basal; primary vein (1°) three moderate, ’

ddl X | ‘aht wh I | orimari Discussior—Attenuate apexcraspedodromous to
miadle primary almost straight where as latera Iorlmarl":‘eclJcamptodromous venation, presence of intersecondary veins,

markedly curved and branched; secondary veins (2°) arisiggyc,rrent tertiary veins and other morphological details of
from all the 3 primary veins, angle of divergence moderatelyq tossil leaf indicate its similarity with the various species of

acute, secondaries arising from the lateral primary veiggc st inn, Amongst which it closely resembles the leaves of

forming loops, intersecondary veins composite; tertiary vei§e,s rumbhiiBlume (C.N.H. Howrah Herbarium Sheet No.
(3°) angle of origin RR, percurrent, straight to sinuous, rarefpss37- p|. 5.5).

branched, right angle in relation to midvein, predominantly  There are abundant and wide spread records of fossil
alternate, close; quaternary veins (4°) arising at right anglgaves resembling the gerfiisus. These have been described
forming orthogonal to polygonal meshes. under four genera, viZ&icusLinn. FiconiumEtt., Ficophyllum
Discussior—The diagnostic features of the present fossitontain emend. Edwards aRtbtoficusSaporta. About three
leaf such as symmetrical ovate and lobed lamina, auricula{gndred and eighty five species Ricus two species of
base, lobed margin, coriaceaous texture, actinodromogigonium seven species dficophyllumand six species of
venation with three basal primary veins, moderately acute angigstoficusare so far known from different parts of the world,
of divergence of secondary veins and RR, percurrent tertiafiy. North America, South America, Africa (Ethiopia), Europe,
veins indicate that the fossil leaf shows close resemblanggelgium, Czechoslovakia, France, Germany, Greenland,
with the leaves of the gentsichosanthesof the family  Hungary, Italy, Rumania, Yugoslavia, etc.), Asia (Myanmar,

Cucurbitaceae. In order to find out nearest specific affinitghina, Egypt, India, Indonesia, Japan) and Australia and New
the extant leaves of all the available species of above gemsiland.

were examined and concluded that the leav@gdiosanthes So far, 25 species of fossil leaves showing resemblance
palmataRoxh show closest similarity in shape, size angyith the extant genuSicusLinn. are known from Tertiary as

venation pattern (C.N.H. Howrah Herbarium Sheet No. 513)wyell as Quaternary sequence of the Indian subcontinent.
As far as the authors are aware, there is no record (@fg. 2)

fossil leaves of the gendsichosanthes palmataoxb.from On critical study of the knowficus leaf it has been
the Tertiary sediments of India and Nepal. The preseffund that none of them shows similarity with the present
specimen of the Late Tertiary sediments of Mahuadanr formsssil. This fossil leaf differs mainly in possessing long
its first record. attenuate apex.

The genusTrichosanthed.inn. consists of about 15 The genusFicus Linn. comprises about 800 species
species (Mabberley, 1997). The comparable taxoqwillis, 1973) and widely distributed throughout the tropics of
Trichosanthes palmat&oxb.is a climber found growing all poth hemispheres but most abundant in the Island of Indian
along the Himalaya , Sri Lanka, Singapur, Malaya, China, JapArchipelago and the Pacific Ocean. A few species are extended
and North Australia (Hooker, 1872). It is also common imeyond the tropics into the southern Florida (U.S.A.), Mexico,
Purneah, Ranchi, Palamau and Singbhum  District (Haingggentina, southern Japan and China, the Canary Island and

1910). South Africa. About 70 species are reported to occur in India
(Santapau & Henry, 1973). ThHeicus rumphiiBlume

Family—Urticaceae distributed on the lower slopes of the mountains of the Punjab

Genus—FicusLinn. and northern, western and central India, Assam, and the

Malaya peninsula (Hooker, 1872). Itis also found in Northern
Champaran, frequent along nalas in the hills of Singbhum,
(Pl.5.4,5) Hazaribagh and other districts of Chotanagpur (Haines, 1921).

Ficus rumphiiBlume

Material—Single, almost complete and well preserved
leaf-impression.
Description—Leaf simple, symmetrical, narrow ovate; (Pl.6.4;PI.5.8)

preserved size 9.5 x 4 .8 cm; apex attenuate; base slightly aterial—Single, well preserved leaf-impression.
broken; margin entire; texture chartaceous; petiole not

Ficus micpcarpavar. nitida Thunb.
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PLATE 4

(All figures are of natural size unless otherwise mentioned)

Butea frondosaRoxb. 4. Modern leaf in natural size.

1. Fossil leaf in natural size; BSIP Museum Specimen no. 39364richosanthes palmataRoxb.

2. Modern leaf in natural size 5. Fossil leaf in natural size; BSIP Museum Specimen no. 39366.
Mezoneurum cucullatutwight & Arn. 6. Details of venation of fossil.

3. Fossil leaf in natural size; BSIP Museum Specimen no. 39365.
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FOSSIL SPECIES

HORIZON/ LOCALITY

REFERENCES

Ficus arnottiana

Quaternary beds, Maharashtra

Mahajan & Mahabale, 1973

F. champerensis

Siwalik beds, Bhikhnathoree

Lakhanpal & Awasthi, 1984

F. cherrapunjiensis

Palaeocene

Ambwani, 1991

F. cunia Karewa beds, Kashmir Puri, 1947; Gupta & Jiwan, 1972
Dharmsala beds, Himachal Pradesh

F. foveolata Late Tertiary deposits of Palamau District, Bihar Bande & Srivastava, 1990

F. glaberrima Late Tertiary deposits of Palamau District, Bihar Bande & Srivastava, 1990

F. khariensis Miocene of Kachchh Lakhanpal & Guleria, 1982

F.miocenica Siwalik sediments, western Nepal Konomatsu & Awasthi, 1999

F. nemoralis Karewa beds, Kashmir Puri, 1948

. hepalensis

Siwalik sediments, Koilabas, western Nepal

Prasad, 1990

Siwalik sediments, West Bengal

Antal & Awasthi, 1993

F
F. oodlabariensis
F

. precunia Siwalik beds, Jawalamukhi, Himachal Pradesh, |Lakhanpal, 1969; Prasad, 1990
Siwalik sediments, Koilabas, western Nepal
F. raptiensis Siwalik sediments, Suraikhola, western Nepal Prasad & Awasthi, 1996

F. retusoides

Siwalik sediments, Koilabas, western Nepal, Siw
sediments, West Bengal, Neyveli Lignite, south Ir]

Riiksad, 1990; Antal & Awasthi, 1993;
digarwal, 2002

F. tomentosa

Late Tertiary deposits of Palamau District, Bihar

Bande & Srivastava, 1990

F. benjamina Quaternary beds of Sirmur District, Himagfahsacket al.,2002;
Pradesh; Siwalik sediment of Himachal Pradesh. |prasad2006
F. eumysorensis Siwalik sediments near Jarwa, U.P. Tripathal.,2002

F. barogensis

Kasuauli Formation, Barog, H.P.

Mathet al., 1996

F. kasaulica

Kasuauli Formation, Barog, H.P.

Mathet al.,1996

F kumarhattiensis

Dagshai Formation, H.P.

Mathat al., 1996

F. precurticeps

Neyveli Lignite, south India.

Agarwal, 2002

F. prereligiosa

Mar Formation (Neogene), Bikaner District Rajast

han Mathur & Mathur, 1998

Ficussp.

Mar Formation (Neogene), Bikaner District Rajag

than Mathur & Mathur, 1998

Ficussp. A-C

Dagshai Formation, Solan District, H.P.

Maitual., 1996

Ficussp.cf. F. tomentosaRoxb.

Dagshai Formation, H.P.

Mishra & Mathur, 1992

Fig. 2—Fossil leaf ofFicus from India and Nepal.

Olax scandensRoxb.

1. Fossil leaf in natural size; BSIP Museum Specimen no. 39368.

PLATE 5

(All figures are of natural size unless otherwise mentioned)

>

5. Modern leaf in natural size.

Details of venation of fossil near margin. x 3.

2. Fossil leaf further enlarged to show details of venation. x 4.Mezoneurum cucullaturdVight & Arn.

3. Modern leaf in natural size.

Ficus rumphiiBlume.

4. Fossil leaf in natural size; BSIP Museum Specimen no. 39368.

7. Details of venation of fossil leaf (PI. 4.3) near midrib. x 2.5.

Ficus microcarpavar.

nitida Thunb.

Details of venation (Pl. 6.4) near margin. x 2.5.
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Description—Leaf simple, symmetrical, narrow elliptic; 2.5 c¢cm in length, thick and curved; venation pinnate,
lamina size 7.2 x 2.7 cm; apex acuminate; base cuneate; makgimchidodromous; primary vein (1°) single, straight, prominent,
entire; texture coriaceous; petiole normal; venation pinnat@assive; secondary veins (2°) 8-9 pairs visible, 0.8-2.5 cm apart,
eucamptodromous-brochidodromous; primary vein (1°) singlangle of divergence moderately acute (about 65°), mostly
almost straight, stout; secondary veins (2°) 7-8 pairs visiblepposite to sub opposite, uniformly curved up, lower pair of
0.4 to1.3 cm apart, unbranched, angle of divergence moderasdgondaries arises from the base with more acute angle,
acute (about 55°), lowest pair of secondary arises from tirdersecondary veins present, simple, frequent, 3-5
base of lamina, loop formation at margin, joining superadjaceintersecondary veins in between two secondaries; tertiary
secondary at obtuse angle, intersecondary veins presesmtins (3°) fine with angle of origin usually RR, percurrent,
simple, 2-4 intersecondaries in between two secondary veiagnost straight, unbranched, predominantly opposite, close,
tertiary veins (3°) fine, angle of origin RR-AO, percurrentpblique in relation to midvein. Further detail not visible.
almost straight, rarely forked, oblique in relation to midvein,  Discussior—The diagnostic features of the fossil leaf
close; quaternary veins (4°) still fine, arising nearly at rigl#ire symmetrical, obovate shape with obtuse apex,
angle, forming orthogonal to polygonal meshes. brochidodromous venation, moderately acute angle of

Discussior—The important diagnostic features of thedivergence of secondary veins of which lowest pair of
present fossil leaf are narrow elliptic shape, acuminate apsrcondaries arise more acutely and RR, percurrent tertiary
cuneate base, eucamptodromous-brochidodromous venatiggins. These features indicate its resemblance with the leaf of
arising of lowest pair of secondary veins from the base aficusLinn. of the family Urticaceae. In order to find out its
usually RR, percurrent, tertiaries. These features collectivedpecific affinity, a large number of herbarium sheets of the
indicate that the present fossil leaf shows its affinity with thgenusFicusLinn. were examined and found that the leaf of
extant leaves of the genkieusLinn. of family Urticaceae. A theFicus curticepgorver(C.N.H. Howrah Herbarium Sheet
critical examination of the modern leaves of more than 200. 502; PI. 6.2) shows closest affinity in shape, size and
species of this genus was carried out and found that the modegnation pattern.

leaf of Ficus microcarpavar. nitida Thunb. (C.N.H. Howrah A comparative study of the present fossil leaf with the
Herbarium Sheet No. 425340; Pl. 6.5) shows the closedteady known fossil leaves of the gerftisus Linn. (listed
similarity with the fossil leaf. earlier) has been carried out and concluded that the present

Out of the known fossil leaves Bfcus F. microcarpa fossil differs from them mostly in shape and diz@recurticeps
(F. retusg described from the same bed (Srivastava, 1998) addscribed from Miocene beds of Neyveli Lignite, south India
is resembling with exteiit microcarpalinn. f. as the present (Agarwal, 2002) and also closely resembliigus curticeps
fossil, but differs from the present fossil in nature of secondalyit differs in being smaller in size (24-18 mm) and possessing
veins. The secondary veins are more in number (13-14) amidbiculate-elliptic size.
arise with greater angle of divergence than in the present fossil. Ficus curticeps—Corver is a large evergreen tree found
The modern comparable taxdficus microcarpavar. in Assam, Myanmar, Malaya and evergreen forest of northern
nitida Thunb. is an evergreen tree growing in Sub- Himalayaand southern India (Hooker, 1872)
tract from Kumaon eastward and Khasi Hills, Bihar,
Chotanagpur, Bundelkhand, Central provinces, Sunderban, GENERAL DISCUSSION
Deccan peninsula and Andamans. It also grows commonly in
SriLanka, Myanmar and Malaya (Hooker, 1872; Brandis, 1906). The present investigation on the plant megafossils
especially leaf impressions collected from the Late Tertiary

Ficus curticepsCorver sediments of Mahuadanr Valley, Jharkhand reveals the

(Pl.6.1,3) occurrence of 13 new taxa from this area, These belong to
) ) . . eight genera, viMicromelum, Citrus, Acronychi@utaceae)
Material—Single, well preserved leaf-impression. Cassia, Erythrina, Butea, Mezoneuryfabaceae)Qlax

Description—Leaf simple, symmetrical, obovate; gjacaceae)TrichosanthegCucurbitaceae) anficus
preserved leaf length 9.8 cm, width 4.5 cm; apex obtuse; baggticaceae) of dicotyledonous families. The maximum number
acute, normal; margin entire; texture coriaceous; petiole abQyspecies belong to family Fabaceae followed Rutaceae. The

PLATE 6
(All figures are of natural size unless otherwise mentioned) )
Ficus curticepsCorver Ficus microcarpavar. nitida Thunb.
1. Fossil leaf in natural size; BSIP Museum Specimen no. 39364.. Fossil leaf in natural size; BSIP Museum Specimen no. 39370.
2. Modern leaf in natural size. 5. Modern leaf in natural size.

3. Details of venation of fossil near margin. x 2.
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Recoverd taxa Forest types Habit & Habitat Present Day Distribution

Rutaceae

Micromelum pubescens Moist deciduous to |Small tree Sub-Himalayan tract, south and central India, Khasi Hills,

Blume. Evergreen Myanmar, Malucca, Sri Lanka, Nepal, Chotanagpur region.

Citrus aurantiumLinn. Mixed deciduous Small tree Along the foot hills of Himalaya, Garhwal, Sikkim,
Hills, Chotanagpur region.

Citrus medicalinn. Mixed deciduous Small tree Sub-Himalayan tract, Pachmarhi Hills, Sikkim, Garg
Satpura Hills, Eastern and Western Ghats, Chotanpgpur
region.

Acronychia laurifolia Moist deciduous to |Small tree Sub-Himalayan tract, Sikkim, Khasi Hills, Assam, Eastern

Blume. Evergreen and Western peninsula.

Olacaceae

Olax scandenRoxb. Moist deciduous to |Shrub Sub-Himalayan tract, south and central India, Myanma

Evergreen Lanka, Chotanagpur region.

Fabaceae

Cassia nodosaHamiltan Mixed deciduous |Small tree Eastern Himalaya to Malucca, Assam, Andam
Chotanagpur region.

Erythrina lithosperma Moist deciduous to |Large tree Java, Philippines, Myanmar.

Miq. Evergreen

Butea frondos#&oxb. Mixed deciduous Small tree Sub-Himalayan tract, central and southern India, Sr|
Myanmar, Chotanagpur region.

Mezoneurum cucullatum  [Mixed deciduous Climber Eastern Himalaya, Nepal, Khasi Hills, Skkim, Andaman,

Wight & Arn. Konkan, Chotanagpur region.

Cucurbitaceae

Trichosanthes palmatRoxb{Moist deciduous Climber Sub-Himalayan tract, Sri Lanka, Malaya, China, Jg
North Australia.

Urticaceae

Ficus rumphiiBlume Moist deciduous to |Large tree North East India, Malaya, Chotanagpur region.

Evergreen

Ficus microcarpavar. nitida |Moist deciduous to |Large tree Sub-Himalayan tract, central India, south India, Malaya.

Thunb. Evergreen

Ficus curticepLorver Moist deciduous to |Large tree North East India, Malaya, south India, Chotanagpur region.

Evergreen

Fig. 3—Present day distribution and forest types of comparable taxa of fossil assemblage recovered from Late Tertiary cfeiatentdanr
Valley, Jharkhand, India.

present fossil assemblage (Fig. 3) is represented mostly dayd Myanmar. As most of the comparable species are presently
large to small trees (10 species). Only two climbers and ogeowing in the vicinity of fossil locality (Chotanagpur,
shrub were recorded. Three types of forest elements dahuadanr Valley), this indicates that almost same flora
recognized in this assemblage (a) Mixed deciduous (5 species)ntinued till today and also suggests that there is no marked
(b) Moist deciduous (1 species), (¢) Moist deciduous tdimatic change in this area since the Late Tertiary Period.

evergreen (7 species). Thus, the present fossil leaf assemblage

is dominated by moist deciduous to evergreen elements. Hakitkknowledgements-The authors are thankful to Dr N.C.

and habitat of the comparable taxa reveal that most of thénehrotra, Director, Birbal Sahni Institute of Palaeobotany,
presently occur in the Chotanagpur and nearby areas. Ohlycknow for providing necessary facilities during progress
one comparable specidsiythrina lithospermaMiq. is not
growing now-a-days in the vicinity of the fossil locality butF’, BSIP Lucknow for his kind help during the progress of
found to grow in the tropical forests of Malaya, Philippinesvork. We are also thankful to the authorities of Central

of the work. We are grateful to Dr G.P. Srivastava, Ex-Scientist
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