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ABSTRACT

SrivastavaR & MehrotraRC 2009. Plant fossilsfrom DaflaFormation, West Kameng District, Arunachal
Pradesh. The Palaeobotanist 58(1-3): 33-49.

Dicotyledonous eaf impressions collected from the DaflaFormation (=L ower Siwalik) of Arunachal
Pradesh are described in the present communication. Thefossilsbelong to Middle-Upper Miocenein age
and comprise of seven generabelonging to six families, namely, Tabernaemontana precoronaria Prasad
(Apocynaceae), Salacia miocenica sp. hov. (Celastraceae), Millettia koilabasensis Prasad (Fabaceae),
Actinodaphne palaeomalabarica sp. nov. and Litsea preglabrata sp. nov. (Lauraceae), Memecylon
arunachalensis sp. nov. (Melastomataceae) and Randia miowallichii Prasad (Rubiaceae). In addition,
Dicotyl ophyllum breyniodes sp. nov., a dicotyledonous leaf of uncertain affinities, isalso reported. The
distribution of modern counterparts of the fossils indicates tropical vegetation suggesting warm and
humid climate during the deposition of the sediments.

K ey-wor ds—L eaf impressions, DaflaFormation, Tropical, Middle-Upper Miocene, Arunacha Pradesh.
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INTRODUCTION

ant fossils from the Dafla Formation (=L ower

Siwalik) of the Kameng region of Arunachal
Pradesh are poorly known. Recently Joshi and
Mehrotra (2003, 2007) have described pteridophytic
and angiospermic remains from the area, viz.,
Thelyptridaceophyllumtertiarum (Thelyptridaceae),
Fissistigma palaeobicolor (Anonaceae),

g2°30’

Calophyllumsuraikholaensis (Clusiaceae), Shorea
palaeoridleyana and S. neoassamica
(Dipterocarpaceae), Amesoneuron sp. (Arecaceae)
and Bambusa siwalika (Poaceae). Thefossiisbelong
to Middle-Upper Miocenein age.

Themateria for the present study was collected
fromthePinjoli Nalasection stuated onthehillock near
Bhal ukpong- BomdilaRoad, West Kameng District,
Arunachal Pradesh (Fig. 1). Inthislocation, therock
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Fig. 1—Geologica map of the areashowing thefossil locality (after Bhusan et al., 1991).
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Age Group Formation Member/Unit
Quaternary Hapoli
------------------------------------- Frontal Thrust ------------------------------ooo
MiddieMioceneto  Siwalik Group Kimin Formation
Lower Pestocene Subansiri Formation
Dafla Formation
------------------------------- Main Boundary Fault (MBF) =~ ------------=ecmomoomoooooo
Lower Eocene Da bhuing Formation
Cretaceousto Eocene Yinkiang Formation
-------------------------------------- Unconformity — -------commmmme e
Lower to Monpa Group Bhareli Formation Upper Member
Upper Permian Lower Member
Bichom Formation Upper Member
Lower Member
Miri Formation
Tectonic/ Unconformity
Middleto Bomdila Group Intrusives
Upper Proterozoic Dirang Formation
Dedza Formation Upper Member
Lower Member
Tenga Formation Upper Member

Lower Member

Main Central Thrust (MCT)

Lower Proterozoic  SdaGroup

Fig. 2—Stratigraphic succession of theregion (after Tewari & Srivastava, 2000).

sequence showsreverse stratigraphic order brought out
by thereversefaults. TheMain Boundary Fault (MBF)
demarcatesthe northern limit of the DaflaFormation
fromtheoverlying Lower Gondwanarockswhichrest
unconformably over theBomdilaGroup (Fig. 2). The
plant remainsare preservedinfinegrained silty shales.
Thelithological, sedimentol ogica and other geologica
details of the area have been well documented by
Bhushan et al. (1989, 1991), Kumar (1997) and Joshi
and Chakraborty (2001).

All thetypeand figured specimensare deposited
in the Museum of the Birbal Sahni Institute of
Pal aeobotany, Lucknow.

SYSTEMATICS
Family—APOCYNACEAE
Genus—TABERNAEM ONTANA Linnaeus
Tabernaemontana precoronaria Prasad, 1990
(Pl.1.5,6,9,10)

1996 Tabernaemontanamisrai Mathur et al.,
p.47,pl. 15,fig. 3.

1996 Tabernaemontana sahnii Mathur et al.,
p. 48, pl. 15, fig. 5.
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Material—The speciesisbased ontwo specimens
(withtheir counterparts) having 1/3“broken apicd part.

Description—Preserved length 6 cm; lamina
symmetrical, elliptic, width at broadest point 3.5 cm;
base symmetrical, normal acute; apex broken; margin
entire; petiole present, thin, morethan 1 cminlength,
attachment with petiole normal; texture chartaceous,
venation pinnate, eucamptodromous, primary vein (1°)
stout, straight; secondary veinsabout 5 pairspreserved,
dternate, moderatdly thick, 8-12 mm agpart, unbranched,
angleof divergence narrow to moderately acute (40-
50°); inter-secondary veinsabsent; tertiary veinsfine,
percurrent, angle of origin AR-RR, simple, rarely
forked, straight, approximately at right angleto primary
vein, predominantly alternate, recurved; trace marker
present on leaf, about 2 mmthick.

Figured specimens—Museum NosBSIP 39592,
39600.

Locality—Pinjoli Nalasection near Bhal ukpong-
Bomdila Road, West Kameng District, Arunachal
Pradesh.

Horizon—DaflaFormation (=Lower Swalik).

Age—Middle-Upper Miocene.

Affinities—Thefoss| leavesare characterized by
symmetrical lamina, acute base, entire margin,
chartaceoustexture and pinnate, eucamptodromous
venation with percurrent tertiary veins. Thesefeatures
collectively indicate their affinity with the genus
Tabernaemontana Linn. of thefamily Apocynacese.
In order to find out the nearest modern counter part,
herbarium sheetsaswell aspublished descriptionsand

photographsof different speciesof Tabernaemontana
werecriticaly examined. Thesiudy reved sthat thefoss
leaf showsclosest resemblancewith T. coronaria Willd
(FRI Herbarium Sheet No. 75334).
Comparisonwith thefossil species—Sofar, ten
species of the fossil leaves resembling
Taber naemontana have been reported from different
parts of the world. These are: T. bohemica
Ettingshausen from the Tertiary of Bohemiaand T.
rhadobojana Ettingshausen from former
Czechodlovakia(in Schimper, 1874), T. prisca Mass
fromthe Oligocene of West Indies (in Menzel, 1920),
T. chrysophylloides (L esquereux) MacGinitie, 1941
(syn. T. intermedia Portburry, 1935) from the Eocene
of Cdifornia, T. teleaginensisAvako (1979) from the
Miocene of Medjuda, USSR, Phyllites
(Tabernaemontana) and Taber naemontanophyllum
sp. from the Eocene of Borneo (Geyler, 1875). Three
speciesareknown from Indian subcontinent, namely,
T. precoronaria Prasad (1990) from the Siwalik
sediments of Koilabas, Nepal and T. misraii Mathur
etal. (1996) aswell asT. sahnii Mathur et al. (1996)
fromthe Kasauli Formation, Solan District, Himachal
Pradesh, India. All thethree speciesT. precoronaria
Prasad, T. misraii Mathur et al. and T. sahnii Mathur
et al. comparewith theleavesof modern T. coronaria
Willd. SinceT. precoronaria Prasad (1990) haspriority
over the above mentioned T. misraii Mathur et al.
(1996) and T. sahnii Mathur et al. (1996), accordingly
these two species are merged in T. precoronaria
Prasad. Present fossil leaf also shows close

PLATE1

—

(bar scale=1cm)

1 Memecylon arunachalensis sp. nov.- A fossil leaf show-
ing shape and size; Specimen No. BSIP 39597.

2 A part of the same specimen enlarged to show
brochidodromous venation.

3 Millettia koilabasensis Prasad- A fossil leaf showing
shape, size and venation pattern; Specimen No. BSIP
395%4.

4 A part of the same specimen enlarged to show entire
margin and eucamptodromous venation.

5. Tabernaemontana precoronaria Prasad- A fossil leaf
showing shape, size and atrace marker; Specimen No.
BSIP39592.

6. A part of the above specimen enlarged to show uni-
formly curved secondary veins.

7. Dicotylophyllumsp. - A fragmentary fossil leaf show-
ing its shape and size; Specimen No. BSIP 39599.

8 The same specimen enlarged to show the details of
venation.

9. Tabernaemontana precoronaria Prasad- Another
specimen of thefossil leaf; Specimen No. BSIP 39600.

10 The same specimen enlarged to show
eucamptodromous venation.
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resemblancewith T. precoronaria Prasad, accordingly
it has also been placed inthe same species. However,
the specimen designated as paratype of T. sahnii
(Mathur et al. 1996, GSI TypeNo. 20644; pl. 15, fig.
6) is different from the modern genus
Tabernaemontanain having lesser and distantly placed
secondariesand may belong to any other genus.
Remarks—Prasad (1990) reported
craspedodromousvenationin T. precoronariawhile
in the modern as well as in the fossil specimens,
eucamptodromousvenationisobserved.

Family—CELASTRACEAE
Genus—SALACIA Linnaeus
Salacia miocenica sp. nov.
(Pl.2.7,8)

Material—The species is based on a single
specimenwhose apical partismissing.

Description—Preserved length 6.8 cm; width at
the broadest point 3.5 cm; lamina symmetrical,
seemingly obovate; base symmetrical, normal acute,
slightly broken; apex broken; margin entire; texture
coriaceous; petiole present but broken; venation
pinnate, eucamptodromous; primary vein (1°)
moderately thick, straight; secondary veinsabout 8
pairsvisible, alternate, thin, 7-8 mm apart, angle of
divergence moderately acute (60°), uniformly curved,

upturned towardsmarginand running pardlé toit before
diminishing; inter-secondary veins not observed,
tertiariesill preserved, Zrandom reticul ate.

Hol otype—Museum No. BSIP 39593.

Locality—Pinjoli Nalasection near Bhal ukpong-
Bomdila Road, West Kameng District, Arunachal
Pradesh.

Horizon—DaflaFormation (=Lower Swalik).

Age—Middle-Upper Miocene.

Etymology—ATfter the age of the sediments
bearingthefossi| leaf.

Affinities—Thediagnostic festuresof the present
fossil leaf are: symmetrical laminaand base, entire
margin, coriaceous texture with pinnate,
eucamptodromousvenation. Thesefeaturescollectively
indicateitsaffinity with the genus Salacia Linnaeus,
particularly with S. beddomel Gamble of thefamily
Celastraceae (Pascal & Ramesh, 1987).

Comparison with the fossil species—Asfar as
theauthorsare aware, thereisno record of fossi| |eaf
showing resemblancewith the genus Salacia. Hence,
thefossil |eaf isdescribed as Salacia miocenica sp.
nov.

Family—FABACEAE
Genus—MILLETTIA Wight & Arnot
Millettia koilabasensis Prasad, 1990

(Pl.1.3,4)

PLATE?2

—>

(bar scale=1cm)

1 Actinodaphne palacomal abarica sp. nov.- A fossil |eaf
showing shape, size and venation pattern; Specimen
No. BSIP39595.

2 The same specimen enlarged to show stout primary
vein and course of the secondary and tertiary veins.

3 Litsea preglabrata sp. nov.- A fossil leaf showing nar-
row dlipticlamina, entire margin and eucamptodromous
venation; Specimen No. BSIP 39596.

4 A part of the same specimen enlarged to show angle of
divergence of secondary veins and percurrent tertiary
veins.

5. Randia miowallichii Prasad.- A fossil leaf showing
shape, size and venation pattern; Specimen No. BSIP

39598.

6. The same specimen enlarged to show stout primary
vein and course of the secondary veins.

7. Salacia miocenica sp. nov.- A fossil leaf showing

obovate shape, entire margin and eucamptodromous
venation; Specimen No. BSIP39593.

8 A part of the same specimen enlarged to show thick
and straight primary vein and uniformly curved sec-
ondary veins.
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Fig. 3—Table showing fossil |eaves resembling Millettia.
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Material—The species is based on a single
specimen preserved as part and counter part and basal
part (about /39 isbroken.

Description—Preserved length 7 cm; lamina
symmetrical, seemingly dliptic, width at the broadest
point 3.8 cm; basal part not preserved; apex appearing
acute; marginentire, undulating at apical portion; texture
chartaceous; venation pinnate, eucamptodromous,
primary vein (1°) moderately thick, straight; secondary
veinsabout 6 pairsvisible, dternate, moderately thick,
8-11 mm apart, narrow acute angle of divergence (40-
45°), unbranched; inter-secondary veinsabsent; tertiary
veins preserved at only one place, percurrent, fine,
closdly placed.

Figured specimen—Museum No. BSIP39594.

Locality—Pinjoli Nalasection near Bhalukpong-
Bomdila Road, West Kameng District, Arunachal
Pradesh.

Horizon—DaflaFormation (=Lower Swalik).

Age—Middle-Upper Miocene.

Affinities—Present fossil leaflet in having
symmetrical lamina, entire margin, acute apex,
eucamptodromous venation with percurrent tertiaries
compareswith thelesfletsof Millettia Wight & Arnot
particularly with M. macrostachya Collett & Hemd.
of the family Fabaceae. The specimen also shows
resemblance with theleavesof Alphonsea lucidaand
Unonalongifolia of thefamily Anonaceaebut differs
in having acuminateapex, distantly placed lesser number
of secondariesand other finer detalls.

Comparison with the fossil species—Fossil
| eafletsshowing closeresemblancewith modernlesfl ets
of different extant peciesof Millettiaarevery common
inthelndian subcontinent. Sofar, twenty threelesflets
arereported from all over theworld. Amongst them
twenty speciesarereported from Indiaand Nepa, two
from Japan and one from South Africa. They, along
withtheir modern counterparts, locdities, horizonsand
ages, areenlistedintheform of atable (Fig. 3).

Thepresent fossi| | esflet hasbeen compared with
all the above known species of fossil Millettia and
showscloseresemblancewith M. koilabasensisPrasad
and henceit has been placed in the same species.

Family—L AURACEAE
Genus—ACTINODAPHNE Nees
Actinodaphne palaeomal abarica sp. nov.
(P.2.1,2)

Material—The species is based on a single
specimen (preserved with part and counterpart).

Description—Preserved laminalength 9.5 cm,
width 4.5 cm, mesophyll, symmetrical; base normal,
acute; apical part broken; margin entire; texture
chartaceous; petiole present but broken, preserved
length2mm; laminadlipticto obovate; venation pinnate,
eucamptodromous; primary vein (1°) stout, straight;
secondary veins(2°) 5 pairs preserved, opposite, 1.2-
1.8 cm apart, angle of divergence moderately acute
(45°), uniformly curved and then upturned and run
pardle tothemarginuptoacertandisance, moderately
thick; tertiary veins (3°) angle of origin AR-RR,
percurrent, predominantly alternate, closely placed,
obliqueto mid-vein, mostly unbranched, occasionaly
forked, usually straight, recurved a so; intersecondaries
absent; higher order venation not seen.

Holotype—Museum No. BSIP 39595.

Locality—Pinjoli Nalasection near Bhalukpong-
Bomdila Road, West Kameng District, Arunachal
Pradesh.

Horizon—DaflaFormation (=Lower Swalik).

Age—Middle-Upper Miocene.

Etymol ogy—Prefixed ‘palaeo’ to the name of
modern comparable species A. malabarica.

Affinities—Elliptic to obovate leaf having acute
base, entire margin, eucamptodromous venation with
percurrent tertiary veins showsitsaffinitieswith the
genus Actinodaphne Neesof thefamily Lauraceae. In
order to find the nearest modern comparable form,
herbarium sheetsaswell aspublished literaturewere
critically examined. The fossil leaf shows close
resemblance with A. malabarica Balakr. and A.
lawsonii Gamble (Pascal & Ramesh, 1987, figs 200,
201). A. lawsonii leaves are different in possessing
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broader middle portion, while A. malabarica shows
maximum resemblancewith the present fossi| | ef.

Comparisonwith thefossil species—Thegenus
Actinodaphne is well documented in the Tertiary
sediments of various countries: Actinodaphne
hoettingensis Ettingshausen and A. frangula
Ettingshausen from the Tertiary of Germany
(Ettingshausen, 1888), A. germari Heer (1859) from
the Eocene of Darmstadt, Germany, A. martinianaCrie
(1888) from the Pliocene of Java, A. nipponica Tanai
(1961) from the Neogene of Hokkaido, Japan and A.
oishii Huzioka (1964) from the Miocene of Honshu,
Japan and A. pseudogermai from the Tertiary of
Bohemain Massif (Kvacek & Teodoridis, 2007). From
the Indian subcontinent A. palaeoangustifoliaAntal
and Awasthi (1994) istheonly specieswhichisreported
fromthe Siwalik sediments of Oodlabari, Darjegling
Didtrict, West Bengal and Suraikhola, Nepal (Prasad
& Pandey, 2008). The present specimen differsfrom
al theknown speciesin having broader laminaand other
finer detailsand henceisdescribed as Actinodaphne
palaeomalabarica sp. nov.

Genus—L I TSEA Lamarck
Litsea preglabrata sp. nov.
(M.2.3,4)

Material—The speciesisbased onasinglewell
preserved specimen.

Description—Preserved length 11 cm; lamina
symmetrical, narrow elliptic, width 3.5 cm at the
broadest point; base dlightly broken, symmetrical,
normal acute; apex acute or acuminate, margin entire,
undulating; petiole broken; texture chartaceous;
venation pinnate, eucamptodromous, primary vein (1)
thick, stout, straight; secondary veinsabout 10 pairs
visible, alternate, moderately thick, 5-15 mm apart,
moderately acuteangle of divergence (45-60°), lower
pairsmoreacute, uniformly curved, upper 3 secondaries
forming loops, mostly unbranched except upper 3
which divide to form loops with super adjacent
secondariesat about right angles; inter-secondary vein

observed only at one place between 4" and 5"
secondariesfromthebase, smple; intrasmargina vein
absent; tertiary veinspercurrent, angleof origin RRto
AR, simple, rarely forked, straight, recurved also,
obliquein relation to primary vein; predominantly
dternate, closdy placed; quaternary veinspresent, thick,
orthogond.

Hol otype—Museum No. BSIP 39596.

Locality—Pinjoli Nalasection near Bhalukpong-
Bomdila Road, West Kameng District, Arunachal
Pradesh.

Horizon—DaflaFormation (=Lower Siwalik).

Age—Muiddle-Upper Miocene.

Etymology—BY adding prefix ‘ pre’ tothename
of modern comparable speciesL. glabrata.

Affinities—Fossil leaf is characterized by
symmetrical, narrow dlipticlamina, acuteor acuminate
apex, acute base, entire and undulating margin,
eucamptodromous venation with percurrent tertiary
veins. Thesecharacterscollectively indicateitsaffinities
withthegenusLitseaLamark of thefamily Lauracese.
Oncritica examination of anumber of speciesof Litsea,
it was found that the fossil leaf shows nearest
resemblancewiththelesf of L. glabrata (Wall ex Nees)
Hooker f. (Pascal & Ramesh, 1987, fig. 219).

Comparisonwith thefossil species—Thegenus
Litseaiswell documentedinthe Tertiary sedimentsand
itsfive speciesareknown from India. Amongst them,
L. polyantha Juss. (Pathak, 1969) reported from the
Middle Siwalik of the Mahanadi River Section,
Darjeding Digtrict, West Bengdl differsfromthepresent
leaf in having obtuse apex and probably obovate to
oblong-ovate shape. L. bhatiai Mathur (1978)
reported from the Tatrot Formation (Miocene-Pliocene)
of KangraDistrict, Himachal Pradesh resemblesthe
present leaf in having similar shape, apex and base but
differsin having only seven pairsof secondary veins
and absence of inter-secondaries. Litsea sp.
Bhattacharyya(1983) reported fromthe TuraFormation
(Eocene) of Nangalbibra entirely differsin having
elongatelanceol ate shape. L. prenitida Lakhanpa and
Awasthi (1984) reported from the Upper Siwalik of
Bhikhnathori, West Champaran Didtrict, Bihar differs
In having broader obtuse apex and |esser number of
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secondaries (7 pairs). L. sastryi Mathur et al. (1996)
from the Kasauli Formation, Solan District, Himachal
Pradesh and Litsea sp. Mathur and Mathur (1998)
fromthe Mar Formation, Bikaner District, Rgjasthan
can bedifferentiated in having smaller size (lessthan
half) and craspedodromous venation. From outside
India, four species, viz., L. ehattia Engelhardt, L.
elongata Engelhardt and Litsea (?) sp. Engelhardt
(Engdhardt, 1922) and L. dermatophyllumEngel hardt
(1911) have been described from Germany (Salomon-
Calvi, 1934) and about ten species are known from
the Palaeogene of America. Theseare: L. carbonensis
Ward (1885), L. cuneata Knowlton (1899), L.
lamarensis (Knowlton) Lamotte (1952), L. lata
(MacGinite) Lamotte (1952), L. magnifica Saporta
(1868), L. praecursoria (Lesquereux) Lamotte
(1952), L. sagitata (Ball) Lamotte (1952), L.
sessiliflora (Lesquereux) Lamotte (1952), L. texensis
(Ball) Lamotte (1952), Litsea sp. (Berry) Lamotte
(1952). The present fossi| leaf differs from all the
previoudy known speciesin shape, szeandfiner detalls,
henceit isbeing described asLitsea preglabrata sp.
nov.

Family—MELASTOMATACEAE

Genus—MEMECYLON Linnaeus

Memecylon arunachalensis sp. nov.
(Pl.1.1,2)

Material—The species is based on a single
specimen havingacrack inthemiddle.

Description—Length 7.5 cm, width at middle
portion 3.5 cm; narrow ovate; lamina and base
symmetrical, mesophyll; apex dightly broken, acute-
acuminate; petiole not seen; base rounded; margin
entire; texture coriaceous, venation pinnate,
brochidodromous, primary vein (1°) moderately thick,
straight; secondary veins(2°) 7 pairs, alternate, 6-10
mm apart, fine, angle of divergence narrow acute (35-
459), abruptly curved to formloopswith superadjacent
secondaries at acute angle, loops enclosed by

secondary and tertiary arches; intersecondary veins
absent; tertiary veins (3°) fine, random reticul ate;
areoleswell devel oped.

Holotype—Museum No. BSIP 39597.

Locality—Pinjoli Nalasection near Bhal ukpong-
Bomdila road, West Kameng District, Arunachal
Pradesh.

Horizon—DaflaFormation (=Lower Swalik).

Age—Middle-Upper Miocene.

Etymology—After Arunachal Pradeshfromwhere
thefossil wascollected.

Affinities—Thefossil leaf in overall characters,
such as, rounded base, coriaceous texture and
brochidodromousvenationindicatesitsaffinity withthe
genus Memecylon Linnaeus, particularly with M.
terminale Dalzel. and M. wightii Thw. of thefamily
Melastomataceae (Pascd & Ramesh, 1987). However,
it shows superficial resemblance with some of the
species of Humboldia (Caesalpinioideae) having
brochidodromousvenation but coriaceoustextureand
finer venation differentiateit fromthem.

Comparisonwith thefoss| species—Sofar, only
one speci es showing resemblance with Memecylon,
viz., M. amplexicaulensis Awasthi and Mehrotra
(1995) isknown from the Oligocene sedimentsof the
Makum Coadlfield, Assam. The speciesdiffersfromthe
present leaf in having broader laminaand markedly
curved primary vein whichisstraight in the present
gpecimen. Sincethefoss lesf isdifferent fromtheonly
known species, it is described as Memecylon
arunachalensissp. nov.

Family—RUBIACEAE
Genus—RANDI A Linnaeus
Randia miowallichii Prasad, 1989
(Pl.2.5,6)
MateriaI—The species is based on a single
specimen.

Description—Preserved length 7.5 cm; width 3
cm; mesophyll; laminasymmetrica, narrow oblong; base
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symmetrical, dightly broken, seemingly acute; apex
broken; margin entire; petiole broken; texture
coriaceous, venation pinnate, eucamptodromous,
primary vein (1°) stout, straight; secondary veins (2°)
about 6 pairsvisible, alternate, thin, 7-17 mm apart,
moderately thick, angleof divergencemoderately acute
(45-65°), uniformally curved upwards and almost
touching the margin; inter-secondary veins absent;
tertiaries (3°) not preserved.

Figured specimen—Museum no. BSIP39598.

Locality—Pinjoli Nalasection near Bhalukpong-
Bomdila road, West Kameng District, Arunachal
Pradesh.

Horizon—DaflaFormation (=Lower Siwalik).

Age—Middle-Upper Miocene.

Affinities—Thediagnostic festures of the present
fossl leaf are: symmetrical, narrow oblong shape, acute
or acuminateapex, ssemingly acutebase, entiremargin,
eucamptodromousvenation and moderately acuteangle
of divergence of secondary veins. These features
collectively suggestitsaffinitieswith thegenusRandia
Linnaeus, especificaly with Randiawallichii Hook f.
(CNH Herbarium sheet no. 286) of the family
Rubiaceee.

Comparison with the fossil species—So far,
sevenrecordsof foss| leavesof thegenusRandiaLinn.
areknown from abroad and India. Theseare: Randia
prodroma Unger (in Salomon-Calvi, 1934) from the
Miocene of Salzhuasen, Germany; R. gossferiana K.
Schunfromthe Tertiary of Kamerun (now Republic of
Cameroon), West Africa (Menzel, 1920); R.
mohavensis Axelrod (1950) from the Miocene of
North America, R. neyvelienssAgarwal (1990) from
theNeyveli Lignitedeposts, SouthArcot Digtrict, Tamil
Nadu, R. miowallichii Prasad (1990) fromthe Siwalik
sedimentsof Koilabas, Nepa and Darjedling District,
West Bengal (Antal & Awasthi, 1994), R.
pal aeofasciculata Prasad and Awasthi (1996) from
the Siwalik sediments of Suraikhola, Nepal and R.
miouncaria Prasad and Dwivedi (2007) from Seria
Naka, Western Nepal . Amongst them, thefirst three
speciesreported from Germany, Africaand America
could not be seen dueto unavailability of theoriginal
literature. Thefossi| leaf showscloseresemblancewith

R. miowallichii particularly reported from the
Darjedling District, West Bengal and hence hasbeen
placedinthesame species.

Remarks—Prasad (1990) and Antal and Awasthi
(1994) described secondary veinsas craspedodromous
inR. miowallichii, but in the present specimenandin
extant leaves of Randia wallichii, eucamptodromous
venationisobserved.

INCERTAE SEDIS
Genus—DICOTYLOPHYLLUM Saporta, 1894
Dicotylophyllum breyniodes sp. nov.
(PI.1.7,8)

Material—The speciesisbased on asingletiny
specimen.

Description—Preserved length 1.7 cm; width 1.2
cm; microphyll; laminaand base symmetrical shape;
ovate; base normal, rounded, slightly broken; apical
part broken; margin entire; texture chartaceous, petiole
not seen, broken; venation pinnate, eucamptodromous;
primary vein (1°) stout, Straight; secondary veins4 pairs
visible, alternate, 2-3 mm apart, angle of divergence
moderately acute (45-50°), uniformly curved,
moderately thick; tertiary vein (3°) not seen.

Holotype—Museum No. BSIP 39599.

Locality—Pinjoli Nalasection near Bhal ukpong-
Bomdila Road, West Kameng District, Arunachal
Pradesh.

Horizon—DaflaFormation (=L ower Siwalik).

Age—Muiddle-Upper Miocene.

Etymol ogy—BY adding suffix ‘ oides' tothename
of modern comparablegenusBreynia.

Affinities—Thesmall symmetrica ovateleaf with
eucamptodromousvenation clearly indicatesthat the
fossil specimenisadicot leaflet. In shape, size and
venation pattern the leafl et showsresemblancewith
Breynia Foster & Foster f., particularly with B.
rhamnoidesMuell. Arg. of thefamily Euphorbiaceae.
However, itsaffinity with leafl etsof Fabaceaeand other
familiescan not beruled out.
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Comparisonwith thefoss| species—Sofar, only
onefoss leaflet showing affinitieswith Breynia, namely,
B. prerhamnoidesAwasthi & Prasad (1990) isknown
from the Siwalik sediments of Surai Khola, Nepal.
Present | eafl et shows resemblance with the Siwalik
species, but itsaffinity isnot properly defined. Hence,
itisbeing placed under theform genus Dicotylophyllum
Saporta (1894) instituted to include dicotylednous
leaves of uncertain affinities. A number of
Dicotylophyllum species are known from different
Tertiary exposuresof India(Srivastava, 1991; Guleria
& Mehrotra, 1999; Srivastava& Guleria, 2006; Joshi
& Mehrotra, 2007). The present specimenisdifferent
fromdl the speciesin having very small sizeand other
finer details. Henceit isdescribed as Dicotyl ophyllum
breyniodes sp. nov. showingitsprobableaffinitieswith
thegenusBreynia.

DISCUSSION

Theleaf impressions described in the present
communication, ongwiththefoss| assamblageknown
sofar fromthe DaflaFormation (=Lower Swalik), are
useful to evaluate pal aeoclimate of the region. For
climatic inferences, it is necessary to know the
geographic distribution and climatic preferencesof the
modern comparabletaxa.

The genus Tabernaemontana Linnaeus
(Apocynaceae) consists of 99 species of shrubsand
small trees, amongst them 55 aredistributed inthe Old
World (Mabberley, 1997). About 10 species are
reported to occur inIndia. T. precoroneriaWilld., the
nearest modern counterpart of thefossl isan evergreen
shrub growing in the sub-himalayan tracts from
Dehradun eastwards, commonly found in lower
Darjeding hillsand Myanmar (Brandis, 1971; Gamble,
1972). The genus Salacia Linnaeus of the family
Celastraceae cons sts of about 200 speciesdistributed
inthetropics. S beddomel Gambleisan endangered
and rareendemicwoody timber foundintheevergreen
forests of the Western Ghats. It rarely occursin the
Annamala and Palghat hills of Kerala. The genus
Millettia Wight & Arnot consists of 180 species of
trees, shrubs and woody climbersdistributed in the

warmer regionsof Africa, Asiaand Australia. About
30 species of it are reported to occur in India and
Myanmar. M. macrostachya Call. & Hemd, thenearest
modern counterpart, isatreeof the Shan Hillsof Upper
Myanmar (Gamble, 1972). The genus Actinodaphne
Nees of thefamily Lauraceae consists of about 100
speciesdistributed inthelndo-Malaysian and eastern
Asian regions (Mabberley, 1997). Actinodaphne
malabarica Balakr., anearest modern counterpart of
our fossl, growsintheevergreenforestsof theWestern
Ghats, Assam, Khas Hills, Sylhet, Rinkheong Valley
and alsoin Chittagong (Bangla Desh) and Myanmar
(Gamble, 1972). ThegenusLitsea Lamark (Lauracese)
consists of about 400 species of trees and shrubs
distributed mainly in warm and tropical regions,
especiallyinAsiaand Australia(Mabberley, 1997).
Litsea glabrata (Wall ex Nees) Hooker isfound in
wet-evergreen forests of the Western Ghats.
Memecylon Linnaeus (M el astomataceae) consi sts of
about 250 species of evergreen trees or shrubs
distributed in tropics of the Old World (Santapau &
Henry, 1973; Mabberley, 1997). Amongst the nearest
modern equivaent, M. terminale Dalzdl., isashrub of
2-3ft. distributed in the Southern Ghats of Deccan
PeninsulawhileM. wightii Thw. isalargetreeof about
25ft found in Western Peninsulaand Sri Lankaat an
altitude of 3,000-4,000 ft. (Hooker, 1879). The genus
Randia Linnaeus (Rubiaceae) consists of about 100
species distributed in the tropical and subtropical
regionsof theworld (Mabberley, 1997). InIndia, about
adozen speciesof thisgenusoccur assmall treesand
shrubs(Pearson & Brown, 1932; Purkayastha, 1982).
Randiawallichii Hook, f.isasmall treedistributedin
themoist deciduousto evergreen forests of northeast
Himalaya, Khas Hills, Sikkim and Sylhet (Gamble,
1972). ItisasofoundinAndaman Idand, Pegu, Bangla
Desh, Myanmar and Maaysian Peninsula (Brandis,
1971; Purkayastha, 1982). Breynia Foster & Foster
f. of thefamily Euphorbiaceaeisasmall genusof 25
species, mostly distributed from China to New
Caledonia and Australia (Mabberley, 1997). B.
rhamnoidesMuell. Arg. withwhich thefossil |eaflet
showsclosest affinity, isasmall tree or shrub growing
in Upper Assam, Western Peninsula, Andamans,
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Myanmar and Sri Lanka. Itisamoistureloving tree
commonly foundintheMaaysanregion, Philippineand
China(Brandis, 1971; Gamble, 1972).

Modern anal ogsof thefossisdescribed aboveand
previously recorded genera, namely, Fissistigma
palaeobicolor (Fissistigma bicolor), Calophyllum
suraikholaensis (Calophyllum sp.), Shorea
palaeoridleyana (Shorearidleyana), S neoassamica
(S bracteolata), Thelyptridaceophyllum tertiarum
(Thelypteridaceous fern), Bambusa siwalika
(Bambusa), Amesoneuron (palm) suggest that most
of themform anatura associationinthewet-evergreen
to semi-evergreen forests of India and adjoining
countries. These generaare presently distributedin
tropical wet-evergreen forests of Assam, Sikkim,
Western Ghats, Tamil Nadu, Sri Lanka, BanglaDesh,
Myanmar, etc. The assemblageindicates occurrence
of thick tropical forest cover with plenty of rainfall at
the time of deposition. Since most of the plantsare
members of inland forests, it is envisaged that the
depogtiond conditionsmust havebeenlargely lacusirine
or fluvio-lacustrine. However, afew generafoundin
littoral swamps (thelypteridaceousfern, Terminalia
catappa, Millettia macrostachya) suggest near shore
conditionsin depositiona siteand nearby areas. This
view gets support from the palaeopal ynol ogical and
sedimentological studiesmadeintheregionby Singh
and Tripathi (1990) and Joshi and Chakraborty (2001)
respectively.
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