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Significant Additions to the Upper Triassic Flora of
Williams Point, Livingston Island, South Shetland

Islands (Antarctica)
,JAYASRI BANERJI(l), YVES LEMOIGNE(2) and TERESA TORRES(3)

ABSTRACT

This paperpresents some significant additions offossil plants to tlve Upper Triassicflora ofLiuingstoa island,
South Shetland Islands, Antarctica. The megafossil assemblage described here includes 13 taxa belonging to Pte­

ridophytes and Gymnosperms s. 1.: Neocalamites, Mar'attiopsis, Dictyophyllum, Scoresbya, Cladophlebis, Dietol'
dium, Xylopteris, Sagenopteris, Caytonia, Taeniopteris, Sphenobaiera, Pagiophyllum and Elatocladus. A late

Upper Triassic age has been assigned to this palaeoflora.

Additif a l'Inventaire de la Flore du Trias Superieur de la
Pointe Williams, Ile Livingston, Archipol des Shetland du Sud

(Antarctique ).
RESUME

La presente etude [ourriii un add.itif a ['inventaire de la flore du Trias superieur de rile Livingston de l'archi­

pel des She.tland du Sud (Antarctique). L 'ensemble [loristique decrit comprend 13 taxa o-ppartenant aux groupes
des Pteridophytes et des Gymnosp ermes s.l., Ii saooir les genres: Neocalamites, Marattiopsis, Dictyophyllum,
Scoresbya, Cladophlebis, Dicroidium, Xylopteris, Sagenopteris, Caytonia, Taeniopteris, Sphenobaiera, Pagiop­
hyllum et Elatocladus. Un age "fin. du Trias superieur" a ete attr-ibue a cette paleoflore.

Nuevos registros de paleoflora del 'T'riasico Superior de punta
Williams, isla Livingston, islas Shetland del Sur

(Antartica)
JAYASRI BANERJt(1), Yves LEMOIGN$J(2) y TERESA TORREs(3)

RESUMEN

Se presentan nuevos registros de plantas [osiles del Terciario Superior de isla Livingston, islas Shetland del

Sur, An.uirtica, La eoleecion. de megafosiles que se describer: induyen 13 taxa p ertenecientes a Pteridofitas y

Gimnospermas s.l.: Neocalamites, Marattiopais, Dictyophyllum, Sccresbya, Cladophlebis, Dicroidium, Xylopte­
ris, Segenopteris, Caytonia, 'I'aeniopteris, Sphaenobaiera, Pagiophyllum y Elatocladus. A esta paleoflora se Ie ha

atribuido una ed.ad p erteneciente a fines del Triasico Superior.

INTRODUCTION

A well diversified fossil assemblage has been found by one of us (Y. Lernoigne) during January to

February 1986, under an International Scientific Expedition organised by the Instituto Antartico

Chileno (INACH) from the north-western side of Williams Point at Livingston Island (62°36' S.;
60°30' W.), South Shetland Islands. The plant fossils described here are from locality A shown in

text-figure 1. The specimens were recovered from a 30 cm thick verticaly orientated Sandstone ex-
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leoecologie assode au CNRS (UA 11) Universite Claude Bernard-Lyon 1, 43, boulevard du 11 novembre

1918. 69622 Villeurbanne Cedex France.

(3) Universidad de Chile. Esc. Cs. Forestales, Depto. Tecnologia de Ia Madera, Casilla 92006 Santiago.
Chile.
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Carte montrant la localisation del I'rJe Livingston (L.I.) dans l'archipel des Shetland du Sud et les

sites fcasiliferes A la Pointe Williams (W) de l'tle Livingston.

Tn Hi�. I. Map showing location of Livingston Island (L.I.) in the South Shetland Islands and fossiliferous sites

at Williams Point (W), Livingston Island.

K.G.!. King George Island N.!. Nelson Island R.I. Robert Island
IJe Roi Georges lie Nelson TIe Robert

G.I. Greenwich Island S.I. Snow Island D.I. Deception Island
lie Greenwich Ile Snow Ile Deception.

A : locality with Upper Triassic plants studied in the present paper.

gisement a plantes fossiles etudiees dans la presente note.

B. C. D : other localities with fossil plants
autres gisements a plantes fossiles.
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posed at the northern edge of a flat dome. The dome is about 100 m in diameter and 10 m in height,
consisting of creamish-grey coloured sandstone plaquettes and overlies basaltic rocks. The exact se­

quence of rocks is impossible to determine due to steep cliffs. Hobbs (1968) studied the geology of

the South Shetland Islands and interpreted this as weathered boulders in conglomerate, of Miocene

age. But Orlando (1968) has studied the fossil plants collected by Hobbs, and on the basis of the fo­

llowing assemblage i.e.: Astero th eca crassa n.sp., Thinnfeldia sp., Coniopt eris distans n.sp., Die­

lyophyi/umIThuumatopteris, Xylopteris cf. elongata Carr. and rachis of Usm.u n do cetie, a Lower

Middle Triassic age has been assigned to it. In 1975 new specimens have been collected by Thom­

son and Smellie, for the British Antarctic Survey, from three fossil sites at Williams Point and they
have been studied by Lacey and Lucas (1981). They proposed a Ladino-Carnian (Upper Middle-Lo­

wer Upper Triassic) age on the basis of the following fossil assemblage: Tliollites sp., Equisetites sp.,
\(,()'Ili(/I/Iites sp., Asterotheca crassa Orlando, Ilicroidiu m (f. lancirolillm (Morris) Gothan, Dicroi­
dium (f. spinifolia (Frenguelli) Archangelsky,Pterophyllum d entatu m n.sp., Doratophvllum tenison-

tco o d»! (Etheridge) Harris, Pagiophyllum sp., Cinlit!()ites sp. and Hexagono caulon TIIinuturn gen. et

sp. nov.

The present collection contains more than two dozen fragmentary plant remains of various

groups of Pteridophytes and Gymnosperms d. All the specimens, except one stem cast, are preser­
ved as impressions on greenish grey, fine grained sandstone and creamish tuffaceous sandstone.

This collection is kept in the Department of Palaeobotany at the University Claude Bernard-Lyon 1.

SYSTEMATIC DESCRIPTIONS

Division: PTERIDOPHYTA
Order: Equisetales

Genus Neocalamites Halle

Seoca/amites sp.

(PU, fig. 1; text-fig. 2)

Description. Solitary piece of stem preserved as cast, about 5 em long and 4,9 ern broad, consis­

ting probably of two nodes, 3 em apart. Nodal region at places showing rounded scars of leaf bases.

Internodal region with longitudinal ridges and grooves which seems to be continuous from one inter­

nodal region to the other. Single oval diaphragm is present in the internodal region. Diaphragm
measuring about 1,1 x 0,6 em, peripheral region showing faint rounded scars. Leaves not preserved.

Remarks - On the basis of continuous longitudinal ridges in the internodal regions, the present
specimen has been assigned to the genus Seocalamites. Due to the absence of leaves specific identi­

fication is not possible.

Order: Filicales

Family: Marattiaceae

Genus: Jfarattiopsis Schimper
.Uarattiopsis sp.

(Pl.1, figs 2-4; text-fig. 4 B, C)

De s cr ip t i on - Two fragmentary specimens of incomplete leaves (probably pinnate), with a por­
tion of rachis in one, are preserved as impressions. Rachis about 2 rom broad. Pinnae incomplete at
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the base and apex. Largest available well preserved fragment of pinna is 2,2 em long and 0,8 em

broad with crenulate margin. Midvein 0,5 mm broad, medianly raised; lateral veins mostly inconspi­
cuous due to the pesence of venuli recurrentis, veins arising at an angle of 70° -80°, run towards mar­

gin with slight curve, mostly forked once just after emergence. In the specimen shown in PI. 1, fig. 4,
the upper pinna shows distinct oval protuberances at the margin, which seems to be a synangia; sy­

nangia typically 1 mm x 1,5 mm in size, no further details could be observed.

Remarks and comparison - None of the two specimens available in the assemblage show the

complete nature of the frond. But the typical crenulate lateral margin of pinnae with distinct synan­

gial protuberances at vein ends and the lateral veins with venuli recurrentis are grounds enough to

assign these specimens in the genus Marattiopsis. The present specimens are somewhat compara­
ble with Marattiopsis crenulatus described by Lundblad (1950) from Rhaetian of Sweden in having
pinnae with crenulate lateral margins and in the shape of the synangia. They differ however in pos­

sessing comparatively smaller sized synangia. The specimen shown in PI. 1, fig. 4, can also be compa­
red with Marattiopsis anglica figured by Harris (1961, fig. 23 C & F). But due to the absence of fur­

ther details of synangia and spores in the latter detailed comparison is limited to gross features only.

Family: Dipteridaceae
Genus: Dictyophyllum Lindley and Hutton

Dictyophyllum sp.

(PI. 1, fig. 5; text-fig. 4A)

Description - Fragmentary specimen showing part of pinna, about 2,5 em in length and 1,8 em in

width. Pinna with lobed margin; midvein 1 mm broad, distinct. Primary lateral veins are emerging at

an angle of 40°_60°, secondary veins arising mostly at wide angles and forming polygonal meshes by
forking and anastomosing with others; tertiary veinlets are hardly perceptible in places.

Remarks and comparison - As the specimen described above is, too, fragmentary and sterile, it

is therefore preferable to provisionally assign it to the genus Dictyophyllum.

The present fragment is somewhat similar to Dictyophyllum tenuifolium Stipanicic and Menen­

dez figured by Bonetti and Herbst (1964, Pl.l. fig. 1) from the Upper Triassic of Argentina in gross
features. Orlando (1968) has also figured same type of frond fragment from this locality under Dip­
teridaceae.

Family: Dipteridaceae
Genus: Scoresbya Harris

Scoresbya dichotoma (Shirley) Herbst

(Pl.1, figs .9-11; PI. 2, fig. 1; text-fig. 4E, F)

Description - Leaves incomplete, dichotomously divided fragments are found as faint impres­
sions on greyish sandstone. Size variable from 2 em to 6 em in length and 0,6 em to 2,6 em in width.

Margin lobed-dentate, dentation 1,5-4 mm apart with acute-subacute tip. Midvein always forked,
forming an angle of 45°_50°, 1,5 mm broad, gradually tapering towards distal end, medianly grooved.
Lateral veins mostly inconspicuous, in places seem to fork at angles of 45°_50°, about 1 mm apart at

base, dichotomously forked and forming elongated meshes by anastomosing with others. Lamina

shows pseudo-marginal vein in places.

Remarks and comparison - Unfortunately, though the taxon is quite common in the assembla­

ge no specimen shows a complete leaf. However, due to the presence of characteristic features like:

dichotomously divided lamina with net veins and dentate margin, these specimens can safely be as­

signed to the genus Scoresbya Harris (1932). The two well preserved specimens in the present co­

llection shown in P1.1, figs. 9 & 11, also exactly match Scoresbya dentata Harris (1932, P1.3, fig. 1 &

P1.2, fig. 7; Krausel and Schaarschmidt, 1968, P1.26, fig. 4) from the Liassic of Greenland and Germa­

ny respectively. But, as the present specimen figured in P1.2, fig. 1, also shows the pseudo-marginal
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vein, we therefore refer our specimens to the species SC(Jrl'�h\'(, "i.lIOWI1/(I (Shirley) described by
Herbst (l9j'4) from Upper Triassic of Queensland.

Family:') Osmun d aceae

Genus: Cla dophlebi, Brongniart
C/ae/uphlebi, sp.

(Pl.1. figs 6-8; text-fig. 4 D)

Division: PRESPERMATOPHYTA

Order: Corystosperrnales
Family: Co rvs tos pe r-maceac

Genus: Lri croi d ium Gothan
/)i('{'()iiliuni sp.

(PI.2, figs 2 & 3; text-fig. 5 A)

l Iescr i p t i o n - Three fragments of pinnate fronds are found, probably of bipinnate nature. Lar­

gest pinna fragment is 4,9 em long and 1,5 broad. Primary rachis not preserved. Pinnae probably li­

near-Ianceolate in shape, incomplete. Ultimate rachis 8 mm broad, pinnules arising alternately at

an angle of 50"-60· and becomes subopposite towards the distal end of pinna, falcate in shape, typi­
cally measuring 5-9 mm x 1,2-2 mrn, gradually becoming smaller and narrower towards distal end,
attached by broad base, lateral margin entire, slightly wavy and decurrent at both the basiscopic
ends, apex acute-subacute, midrib slightly asymetrical in nature, first lateral vein catadromic and

perhaps once forked, rest of the lateral veins mostly unforked.

COlllpnrison - Three sterile pinnate fronds bearing pinnules with typical Cladophlebis type ve­

nation described here are preserved as impression on creamish tuff. In general appearance the pre­
sent species comes closer to C/udo/Jh/eili., a nt u rct i ca Nathorst described by Halle (1913). But, the

above species differs by its finer details like entire margin and lateral veins mostly once forked.

1)""'I'i ption - Solitary fragment of probably pinnate frond preserved as impression on creamish

tuff, about 8 mm long and 2 mm broad. Rachis 0,2 mm broad, distinctly forked. Pinnae alternate, at­

tached at an angle of 500_600, triangular to deltoid in shape, typically 2-2,5 mmx 1,8-2 mm in size, at­

tached to the rachis by broad base, basiscopic margin straight to decurrent, acroscopic margin sligh­
tly concave in the middle region; apex subacute to obtusely rounded. Venation obscure except in one

pinna where forked veins seem to be arising from base without midrib.

Compar-ison - A small fragmentary frond showing typically forked rachis with triangular to del­
toid pinnae has been assigned to Dicroidium sp. here. In. shape and venation the present specimen
somewhat is similar to Dicroidiu m odontopteroides figured by Townrow (1967, figs. 1 C & 2 A) from

the Middle-Upper Triassic beds of Mt. Bumstead. But the Dicroidium sp, described here differs in

having comparatively smaller size of pinnae. It also resembles Dicroidium sp, figured by Archan­

gelsky (1968a, text-fig, 1 C) from the Triassic of Argentina in size and shape of pinnae. Dicroidium
o d ontop u-roi d es orhicularis Anderson & Anderson 1983, from Molteno Formation of Karoo Basin

shows some similarity in general morphology. But, due to lack of cuticule in the present one detailed

comparison is not possible. In gross features, the present one somewhat agrees with Dicroidium
: u lrrri (Szajnocha) Archangelsky described by Pal (1984, text-fig. 17a) but the former differs from

the latter by the pinnate nature of its leaf.

Genus: Xylopteris Frenguelli
\dopteris (f, elongata (Carruthers) Frenguelli

(P1.2, figs. 4 & :5; text-fig. 5 B)

Des c r ip t io n - (fronds seem to be bipinnate) - Largest available fragment ofleaf is about 7,8 em

long. Pinnae rachis probably 2 mm broad, with a distinct groove. Pinnae attached at an angle of 25'1-

4', alternate, perhaps linear in shape, incomplete, 1,6 mm apart. Ultimate rachis 1,:5 mm broad,
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medianly grooved. Pinnules arising alternately at angles of 100-150, linear in shape, measuring 1-3,5
cm x 0,1-0,15 em, with entire margin gradually tapering into an acutely rounded tip. Midvein distinct

up to apex.

Comparison and remarks - Superficially the present species most resembles Xylopteris elon­

gata (Carruthers) Frenguelli described by Townrow (1967) from Allan Nunataks and Mt. Bumstead.

However, the former species can be distinguished from the latter by its bipinnate nature. Xylopteris
cf. elongata described here is also comparable with Dicroidium elongatum forma remotipinnulum fi­

gured by Anderson & Anderson (1982, text-fig. 26) from the Molteno Formation, South Africa. This

taxon shows a wide geographical range in the Middle-Upper Triassic beds of Argentina, Australia,
South Africa, Antarctica and India. Archangelsky (1968b) and Anderson & Anderson (1983) have

merged the genus Xylopteris Frenguelli into Dicroidium on the basis of cuticular similarity instead

of vast external morphological differences. But we prefer to maintain the separation between the

two genera on the basis of external variations as well as ultramicroscopic differences in cuticular de­

tails shown by Baldoni (1980).

Order: Caytoniales
Family: Caytoniaceae

Genus: Sagenopteris Presl

Sagenopteris sp.

(Pl.2, figs. 6-11; text-fig. 5 C-E)

Description - Three leaf segments probably of compound leaves are found in the assemblage as

impressions. All are incomplete from the base and apex. Leaf segments perhaps lanceolate in shape,
the best available leaf fragment is about 3 em long and 1,6 ern broad. Margin entire, gradually tape­
ring towards base. Midrib distinct, venation hardly perceptible at places, seems to be reticulate. Be­

sides these, two small pieces oflamina with distinct reticulate venation have. also been found, which
are shown in Pl.2, figs. 9-11.

Remarks - All the specimens recovered here are, too, fragmentary in nature, therefore a detai­

led comparison is not possible here. Evidence of attribution of these detached leaf segments with re­

ticulate venation to the genus Sagenopteris Presl are firstly, in one of the specimens shown in Pl.2,
fig. 7, the slight asymmetrical nature of the lamina could be seen in the middle region and secondly
more than a dozen Caytonia fruits are also found on the similar shale as impressions.

Genus: Caytonia Thomas

Caytonia sp.

(Pl.2, fig. 13; Pl.3, fig. 1; text-fig. 5 F)

Description - Large number of detached fruits have been found scattered as impressions on a

creamish sandstone in linear rows. Pedicel of the fruits mostly not preserved but one fruit has a

small pedicel. Pedicel 0,5 mm broad, with small black dots which may represent the trichome bases.

Fruits probably rounded in shape but due to compression at places have become irregular, 2-3,5 mrn

in diameter. Sometimes 2-3 oval raised areas of about 2 rnrn long and 0,8 mrn broad could also be

seen which may be of seed impressions. Trichome bases are also discernible as black dots similar as

on pedicel. Mouth of the fruits clearly visible in a few fruits, typically 1 mrn in length and 0,2 mm in

width. In association with these fruits, two pieces of detached rachises are also preserved. Of the

two, one rachis shows a distinct oval scar of fruit pedicel.

Remarks - The fruits with distinct lipped mouth and impressions of ovules inside it could be pla­
ced under the Caytonia Thomas. The other side of the shale also have a few impressions of fruits in

association with two pieces of rachises which again indicate that perhaps these fruits were borne la­

terally on the rachis. In size and shape these fruits resemble Caytonia species described by Harris

(1964, figs. 9G, I; lOG and llF) from Jurassic of Yorkshire. The surface of the fruits and rachis with
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pedicel scar shown in PL2, fig. 12, are hardly distinguished from the figured specimen of Cayrvn;a
rachis by Harris (1964, fig. 10 A; the basal-most fruit surface). But due to the absence of cuticule in
the present one, the specific identification remains incomplete.

Order: ?Cycadales
Genus: Taeniopteris Brongniart

Taeniopteris sp.

(Pl.3, fig, 13; Text-fig. 3)

Description - Two fragments of perhaps simple leaf have been preserved as impressions on

grey sandstone, The largest one is about 5 em in length and 3,4 ern in width, apex and base are not

preserved. Margin entire, midrib about 4 rom broad, finely striated, lateral vein comes out at right
angles to the midrib seems to be channelled, 5 veins per em, mostly unforked.

Comparison - As the cuticule of these fragments is unknow, their affinities therefore remain un­

certain whether they are cycadalean or benettitalean. We have thus assigned them to the compre­
hensive form genus Taeniop u-ris, On external features these fragments are quite comparable with

'l'a eru ap teris sp, E figured by Anderson & Anderson (1983, PU5, fig, 5) from the Molteno Formation

of South Africa,

Order: Ginkgoales
Family: Ginkgoaceae

Genus: Sphcnobaiera Florin

Spli cn obaiera sp.
(Pl.3, figs 2-7; text-fig, 5 G-K)

I)escription - Leaves oblanceolate to obcunate in shape, without a distinct petiole; lamina undi­

vided to one divided. Leaves generally measuring 2-2,5 cm x 0,5-1,3 em, margin entire, apex obtuse­

notched, rarely bilobed. Veins 0,5-0,8 mm apart, repeatedly forking and running subparallel upto
distal margin. Occasionally the surface of lamina inbetween veins showing stomatal imprints.

Remarks and comparison - Sph enob a iera sp. is quite frequent in the present assemblage. Unfortu­

nately, almost all the specimens are incomplete either at the base or in the middle region, However,
we have specimens with simple obtuse apex to divided obtuse-notched apex on the same shale, the

lamina with more than 4 veins and without a distinct petiole. Therefore, it is preferable here to

assign them to the genus Sphenobo iera rather than Baiera. The specimens described here are clo­

sely similar to Sphenobaiera argentina (Kurtz) Frenguelli described by Jain & Delevoryas (1967,
PL96, figs. 4 & 5) in the distally once divided nature of the lamina, In general outlook it comes nea­

rest to Splu-n oboiera gyron Harris et (II. (1974, fig. 18 A-D) but due to lack of cuticule in the present
one, detailed comparison is not possible. In gross features the specimens shown in PL3, figs. 6 & 7,
are also somewhat comparable with Sphenobaiera stenoloba Stanislavsky (1976, P1.78, figs. 11 &

15).

Division: SPERMATOPHYTA

Order: Coniferales

Family: Araucariaceae

Genus: Pagiophyllum Heer

Pagiophvllum sp. A

(Pl.3, figs. 8 & 9; text-fig. 6 CoD)

D.·�cription - Fragmentary leafy shoots found in association with a Dicroidium leaf on a crea­

mish sandstone. Leaves spirally disposed, spreading at an angle of 45°-50", falcate in shape, size

varying from 2-3 mm x 0,8-1,5 rnm, apex pointed, base decurrent, distinctly keeled. In a specimen
shown in P1.3, figs. 8 & 9 at two places oval depressions are visible which may be of fertile parts but
their exact identification is impossible unless we have seeds or pollen in them.
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Comparison - These specimens are very much comparable with Pagiophyllum sp. described by
Lacey and Lucas (1981, fig. 4) from the same locality at Livingston Island, as the sheets described
here are, tee, fragmentary and without cuticular details or definite fertile parts. Therefore we prefer
to. put them provisionally under an arbitrarily defined genus Pagiophyllum.

Pagiophyll-t,tm sp. B

(PL3, fig. 10; text-fig. 6 E)

Description - Leafy twig preserved as impression. Leaves spirally disposed, elongated ovate in

shape, typically measuring 3-3,5 mm x 1,2-1,5 mm. Lealfbase perhaps rhomboidal, apex acute, lami­
na with distinct median keel upto apex.

Comparison - Pq,giophyllum sp. B differs from Pagiophyllum sp. A in having elongated to. ovate

adpressed leaves, where in Pagiophyllum sp. A leaves are falcate and mere spreading.

Family: ? Podocarpaceae
Genus: Elatocia.dus Halle

Elatocladus sp. A.

(Pl.3, fig. 11; text-fig. 6 B)

Description - A fragment of sterile sheet preserved as an impression. Leaves spirally attached

en 0,2 mm bread axis, lanceelate in shape, size varies from 2,5-5 mm long and 0,5-1,5 mm bread. Ba­
se constricted and twisted. Margin entire and apex subacute.

Elatocladus sp. B

(P1.3, fig. 12; text-fig. 6 A)

Descriptien - Leafy twig of about 1,9 em long, Axis 1 mm bread with spirally attached leaves.

Leaves linear to. lanceolate in shape, laterally spreading, measuring about 6-8 mm x 1-1,2 mm, base

twisted and decurrent. Margin entire, apex probably subacute. Midrib distinct at places.

Remarks - Two. badly preserved fragments of leafy twig referred here as Elatocla.dus sp. A and
sp. B may beleng to. the same species but due to. its extreme variation ofleaf size we have tentatively
assigned them separately to. Elatocladus sp. A and Elatocladus sp. B.
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PL\TE I

PL\\CH£ 1

.Sto. '" showing nodes, internodal region with longitudinal ridges, grooves and a diaphragm, xl.

FIJle tn o n t rn nt des n o eu ds, d es en trenc eu d s costules et un d ia ph ragme.

2 specimen showing pinnae with crenulate margin, xl.

.'\/H'(·;{1I(," m o ntro n t de .... puinu l es ([ fIlarge cren elee.

:J fertile pinna showing oval despressions of synangia at the vein endings Ii.ear margin, xl.

pillllu/t.l j,.Irtilr- montraru, P((�.\ de sa nt,arge e t a lextremite des llerFures� des depressions o ru les dues
(j tit;" s.'·lItlHj1"' .....

. - enlarged pinna showing veins, venuli and synangial depressions at places, x4.

pinn u le a un [ort f!f(J,'i:·;i''',\(�lIIellt mo ntru nt nerrures, nerl'u/es et pa.r en.droits des d epressioris synan­

J.[irrl('\.

Fi:,! .. ) lii'·/'''IJ'',",lul/l '1'.

Fragment of a leaf showing lobed margin and reticulate venation, xl.

Frtl;fIll('nl dt' !c·/J/!!t· nn.ru ra n t line 111(1(#(' /(11,(;1' ('( Iille n.errutt o n retirule«.

6 frond with falcate pinnules, x2.

[ron d o (/ pinuule .... fu/(Jl1{�I' ... ,

7 further enlargement of the above specimen to show unforked lateral veins, x4.

s p erimc-n dl' [n fif!IIf(� IJ((;f'(;deufr' au /!J(j.'i.'j ...... e m en t xl m ontru nt. /('S nervures laterales non diinsees .

t) - showing linear pinnae with alternate to subopposite pinnules, xl.

/)("I/flt' lin eo i r.: (/I'('f' pi nnult-» alu-rnrs (i ... llboPIJ()Sl;es.

Fig.,. l) � II - '-;("",..·-,1"·,, d uh ot osn a (Shirley) Herbst.

9 the distal portion of a leaf with dentate margin, xl.

partie di-ru l« d 'line [euille ci marge den lee.

10 above specimen further enlarged, x2.

figure 9 (Ill pro�"";,.'i"f:'menl.
11 - proximal part of a leaf with a forked midrib and dentate margin, x L

pnr t t r proxim ale du n e [euille montron t une ne(["lIre medio ne bijurquee et une marge den lee.
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pun: 2

I'L\.\CHE 2

Fi:,:. I - ";'·o,,·,hlJ dichotoma (Shirley) Herbst.

Proximal part of a leaf showing dichotomously divided midvein, net nervation and pseudo-marginal
ve in, x2.
Pu rt u- proxim u]e d e [cu ilh morurant U1fe lIen'ure mediane bifurqu ce, ulle n errulation n ett« et une

uer ru re pseu domurginale,

Dicro idiu m sp.

2 - frond showing forked rachis with deltoid pinnae, x3.

[ron dt- m on tra n t un rachis bifurque et des penlil" deltoid es,

3 further enlargement of fig. 1. xG.

Jigllrf' J au /lflJ ...... i.\."·mt.ll( x(J,

Figs. ·1· -:; \r/opll'r;, c/o ..tOIf!!-(l/(I (Carruthers) Frenguelli.

4 showing linear pinnules with a distinct midve in. x l ,

.\l'glllelll.... [olioires luu-n i n-» rn on tra tit IlIlt' IJf'1TIIH' medi a n e nette,

S - another specimen showing alternately attached pinnae and pinnules, xl.

a u t u- '\P"(';""'I/ m o n tru n t une ramiliration a/terril',

Fig,. (, - II - SlIg"IIt'pler;s '1"

G Specimen showing fragment of a leaf, x l ,

[ragme» t d « [oliole.
7 above specimen enlarged to show slight asymmetrical nature of lamina, x2.

[igure 1 all P.IOS.';S,'''''II'III double m on tra n t le rara ctere asym etrique de la foliole.
S detached leaf segment showing gradually tapering lamina at base, xl.

[rogment busal de [oliole deto ch e» montrant le n'Ir<.;,.;ssernenl graduel de la lamina vers le bas.

9, 10, 11 - leaf fragments showing reticulate venation, x2, xl and x2.

[ragnu-nts de [oliol e .... moturant une n erration reticulee.

Figs. 12 J:l - tu vt onia sp.

12 specimen showing detached fruits in linear rows, xl.

ntricu les o iuliferes det a ch es lIIa;s demeures en ordre linea ire.

13 - other side of the above specimen showing a few fruits in association with two pieces of rachises,
xl.

rel'er,' de I',; .. hanullon precedent montraru quelques utricules associes avec deux fragments
d'axe.s.
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PL \TE ,)

PL\"CHE3

Enlarged fruits showing small pedicel. lips and impression of seeds, x4.

Ct,icult· ... J,.!rr/ ... ,i."i. mon tra n t un pf'tit !-Jr;r.1il'f·II,·. Ufle OlliTrture Plt- bee el� el/ i tn p res ... ion. des ovules,

2 specimen showing dichotomously divided veins at base. xl.

ech a nt illo n m o n.t ru n t dan s :\(J ba ... e Unl" nerua tion dichotomique.
:3 specimen showing a leaf with dichotomously divided subparallel veins, x l .

feuille m o n t ra n t U.flr' n t- rrntian. d ichoto miq u e <ubp arallele,
4 specimen in fig, 2 enlarged, x2.

jiKlJr,., :2 (IU grlJ ........ i...... «m en t x2.

" another specimen showing dichotomously divided lamina with obtuse-notched apices of the seg­

ments, x2.
sp eci tu i- n m aruru Ii I 1111(' lumina clil'i,'H�t' d uhotom iquemout. It", sl'J.!trlI-'IIIS ayonl /lH apex ob tu.s,

6 - t.h r ee leaves showing shallow-to deep incision of lamina, x l .

trois 11'11;1/(' s m o n tra u t Illif' 11I('i ... io n peu pfu/Oflde rl prtJf(llld/� d!, leur lamina.

t fig. 6 cril a rge d. x3.

figure 6 (lU ;:..ru".\i".';t�""!�fll .\" .j •

Shoot showing an oval depression in the axil of a leaf, x4.

l.re fellilft.; nt o n t ru u t unl' df�l'rf· ... <i o n (u;a/" (I I"U 1(, ,II' III [r-uilie.

Fig. II - "agio/,iI, /111m "I" l.

Shoot fragment showing spirally attached falcate leaves, x2.

"'flJKIUf'1U dnx« f('llilh� mon t ra.n t de,,,; [euilles /a/quees en orrin' sp ira le .

Specimen showing elongated ovate leaves adpressed to the axis, x4 .

. 1.\'(" [euill« portlln, de ... feuilll'''' ollo ngees, o rales PI appliqu ees c o n tre 1'(lX(�.

Fig. II - l.lu rorla d u-: '/" ,'1.

Shoot fragment showing spirally attached linear leaves, x2.

lragmen : ,,''''f' [euille pOrl<lI11 de, [euilles lineaires en ordre vp iro l«.

• it!. 12 - fl,HOC/cJlJU,." "P: n.

Shoot fragment showing linear leaves with twisted decurrent bases. xl.

IXf"Jf'uill�; j)orllllll d e-. I"'llillp� lin�tlire.s ti fl(b/ deeurrerUI' t ord u « .

•1:.!. 1:1 - T""niopler;, 'I"�

Leaf segment showing lateral veins almost at right angles to the midrib, x l .

"_"nl!!uH'nl ell:' [euill« montrant de- nFrru,,"'''_ lal'�(,(J/e c II(Ji""·(.Inl pre-squf-" (.JrlluJg'lJn11lm(1Tl! (j partir (1e ln.
nerrur« m;�d;ant".
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Te x I-fig. 2. Neocalamites sp.: fragment of stem showing two nodes

and internodal region with a diaphragm, xl.

Veoca/amitl's sp.: fragment de tige mo ntrant deux
n oeu ds are" diaphragme sep ares par un entre-noeiul, xI,

T"xt-fig. 3. To eniopteris sp.: leaf fragment showing lateral veins

arising almost at right angle to the midrib, xl.

Taeniopteris sp.: fragment de [euille montratu des ner­

rures laterales nais>ant presque orthogonolement Ii partir
de III nen",re mediane, x l .
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/Jict'yophyllam sp., leaf fragment showing polygonal meshes, x2.

f)ictyophyllam sp., fro{!fllent de [eullle montraru lin reticulum Ilerl'urnire a mailles polygo­
nu lex. ,r.:!.

B lIaraltio/l,i., sp., pinnae showing veins, veriuli and synangial depressions at the vein en­

dings. x4.

l/(/ralli"psis sp., pinnulos m on tra n t l e u r nerralion et des depressions synarcgiales Ii I'exlr<;­
fit i I,; des n en'll rei'. x-I.

C lI(/r(/lliopsis sp., steril pinna showing venation, x2.
Yl u ra.tt i opsi» sp., pinnule sterile m,()lIlrnnl ... a nervatio n, .\"2.

D CI"c/()/I"It'!.i" sp .• pinna fragment showing falcate pinnules with unforked lateral veins, x4.

('I"daphle/lis sp., [ra u ment tie penn" mo ntra nt des pinnulesfalou ees avec des nervures late­

ra l e s non tl iri .... t,�(':.;. x-I.

E SCUrf's/J)''' c/ ichotoma (Shirley) Herbst, distal portion of a leaf showing forked midvein and

dentate margin. x2.

SC()T<'.'!.nl duh o t o ma, p a rt i.e distale du nefeuille montra.nt une nerouTe media.ne b ljurquee et

lI11e marge d en t ee . x2.

F Scoresbva d ichotom a (Shirley) Herbst, proximal part of a leaf showing reticulate venation
and pseudotnarginal vein, x2.

Scoresb vu dichotom a (Shirley) Herbst, partie proximale d 'ane feuille mon.tratit une nervation

reticuler pI line nen'lIre pseudomarginale, x2.
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Tr-x t-f'ig, 5. A : lIi rro i d iu m sp., showing forked rachis and venation of a pinna, x6.

iIuroid.iu m sp., moruran t '''' r o ch is hifllrqU(; et In nervation dune pinnule; x6.

B : XY/II/JI('ris (f. elo n go ta (Carruthers) showing elongated linear pinnules with a distinct mid­

vein, x2.

\y/liptNis (f. elongat a (Carruthers) Frenguelli, montrant des pirmules Iinealres allongee s

ayant une nervure medians distincte, x2.

C et D : Sagenop u-ris sp., fragmentary pieces of leaves showing reticulate venation, x4, x4.

S"!f.I'f1.opleri, sp., fragments de feuilles montrant une nervation reticules, x4, x4.

E S"g('nopteris sp., leaf showing slight asymmetrical nature of the lamina and venation, x4.

Sogenopteris sp., fellille assvm etrio ue avec nervation, x4.

F Cayton i a sp., fruits showing lips, impression of ovules inside fruits and fruit wall with tricho­

me basis, xG.

Cavtonia sp., utricules montrant une ouverture en bee, des ovules en impression ii l'Inte­
rieur de ceux-ci et sur Ia paroi des utricules des bases de poils, x6.

G, H, I, J, K, ; Sph a en oboiera sp., leaves showing morphological variations x4, x2, x4, x2, x2.
Sph.aen.obo iera sp., serie de feuilles montrant une variation de leur morphologie, x4, x2, x4, x2,
x2.
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Text-fig. fJ .. 1: Elatocladus sp, B, shoot showing spirally disposed leaves with dec\l.t�ent bases, x2.

Etatocladu« sp. B, axe porlant des feuilles dikurrentes disposees s.elon un ordre helicoidal, x2.
B: Elatocladus sp. A, short fragment of leafy shoot, x4.

Un/oe/udus sp. A, court fragment d'as» [euille, .r4.

C, D: PugiupilyJlum sp. A, showing keeled spreading leaves, x4.

Pagiophyllum sp. A, axes Ii [euilles carenees et etalee«, .1'4.
E: Pagiophyllum sp. B, showing adpressed keeled leaves, x4.

Pugiophyllum sp. B, axes avec feuilles carsnees appressses, x4.

54



Triassic Flora of L·
.

ivingaton Island

55



Banerji. J .. Lemoigne, Y. and T Torre>

GE�"ERAL DISCUSSIO::\ AND CONCLl:SlON

Megafloristic investigation of the Upper Triassic bed exposed at Williams Point in Livingston Is­

land was first undertaken by Orlando in 1968. He described an assemblage comprising Asterotheca

cra ssa n.sp., Thinnfeldia sp., Coniopteris distans n.sp., DictyophyllumlThaumatopteris, .\dopteris
,f. elonu ata and rachis of Osmundaceae. Later on Lacey and Lucas (1981) restudied this flora along
with a new collection, and they included the rachis of Osmundaceae described by Orlando as Aste­

rotlu-cu and Thinnfel d ia sp. under Dicroidium {f. laneifolium. Moreover, the latter authors made

some additions of fossil plants viz.: Pterophvllum deruaturn, Doratophvllum tenison-uoodsi (Ethe­
ridge) Harris, Pagiophyllum sp. and Ginkgoites sp.

The present assemblage described in the foregoing pages is well diversified though poor in pre­
servation. It adds further elements such as .Uarattiopsis. Seoresbya, Sagenopteris, Caytonia, Sphe­
nobaiera and Elatocla d us, to the already known Upper Triassic flora of Williams Point, Livingston
Island. Besides this, the present study also confirms the typical association of various groups of

plants i.e. l'teridoph.vta, Prespermatoph.yta and Spermatophyta (Coniferales) during Upper Triassic

throughout the Gondwanaland. Lacey and Lucas (1981) have already compared this flora with the

Upper-Late Middle Triassic flora of East Antarctica described by Townrow (1967); Upper Anisian­

Lower Norian Molteno floras of Southern Africa (Du Toit, 1927; Anderson, 1974; Lacey, 1970 and

1976); Upper Ladinian to Upper Norian Ipswich flora of Queensland, Australia (Jones and De Jer­

sey, 1947; Retallack, 1977) and the early Carnian to early NorianMarayes flora and the early Norian

to Upper Norian Ischigualasto flora of Argentina (Archangelsky, 1968a; Stipanicic and Bonetti,
1969). Moreover. this assemblage also shows somewhat similarity with the flora of Cacheuta Forma­

tion of Argentina described by Jain and Delevoryas (1967) and the Tiki Formation of South Rewa

Basin, India, described by Pal (1984).

The present fossil assemblage shows a dominance of Prespermatophytes like Xylopteris, Sage­
n op teris ; Cavtonia, Sphenobaiera and with rare occurence of Dicroidium followed by Pteridophytes
such as Mara ttiopsis, Scoresbva, Dictyophyllum and Cladophlebis. Occurrence of Conifers are relati­

vely less, represented by only two genera i.e. Pagiophyllum and Elatocladus. On the basis of general
composition of the assemblage and correlation with the other Upper Triassic floras it is concluded
that the present assemblage is of undoubted Upper Triassic in age. It shows a relatively younger as­

pect than the others, as certain typical Liassic forms like Marattiopsis, Scoresbya, Sagenopteris,
Cu, ron i a. Pagi uphvllu m and EIa tocla dus were also appearing in the flora. Therefore, it is preferable
to suggest Late Upper Triassic age for the Williams Point assemblage described here.
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