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ABSTRACT.

The paper describes a new fossil cyatheaceous tree-fern stem, Protopteris nammalensis,
from the Nammal gor%e] near Musa Khel (District Mianwali), Punjab. The specimen is believed
to come from the ariegated Stage (Jurassic). The discovery is interesting because
(1) Protopteris is here recorded for the first time from India and, as far as we know, from
Gondwanaland; (2) the genus has so far been found only in Cretaceous or Tertiary rocks, and
this is probably the first report of its occurrence in the Jurassic; (3) in India cyatheaceous
fossils have so far been collected only from Trichinopoly in the far south and in the Rajmahal
Hills in the east; the present discovery extends the distribution of the family during the
Mesozoic period in this country to the north-west.

INTRODUCTION.

The fossil described here belongs to a small collection made by the writer in the
Nammal gorge in the western part of the Salt Range. The area was visited early
in October 1946 in company of a party of geologists from Lucknow University.

Locality and horizon.—The Nammal gorge (32° 40’ : 71° 48') is situated about
two and a half miles north-east of Musa Khel in the Mianwali district of West Punjab
(Survey of India Sheet 38 P/14). The stratigraphical succession in the gorge has been
described in detail by Dr. E. R. Gee of the Geological Survey of India in his ‘Sug-
gested Geological Tours’ (1947, pp. 143-147). The sequence, according to him, is
briefly as follows:—

Pleistocene conglomerates

M iocene-Pliocene (f/ozz;er N zmadncs)
oo~ (Time interval; regional unconformity) ~-ss v v v e

Eocene
s (Time interval; regional unconformity) —~ - wves-vmvminiee
Jurassic Baroch limestones (18 ft.)
(536—541 ft.) | Variegated Stage (518-523 ft.)

N AN reglonal unconformlty o e A A A o
Triassic? K_lngrla.h dolomites

Kingriali sandstones
.Triassic Ceratite beds

Permi Upper Productus beds
erman Middle Productus limestones
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The Variegated Stage, from which the present specimen is believed to come,
is divided into eleven sub-stages, formed mostly of variously coloured sandstones
and carbonaceous shales., It forms the major part of the Jurassic sequence, the
overlying Baroch limestones occupying only 18 ft. of the total thickness of more
than 540 ft. No plant fossils were discernible in the Baroch limestones,

All along the gorge the bed is strewn with boulders of various sizes rolled
down from the sides. In the portion af the gorge where the Variegated Stage is
oxposed these boulders contained plant fossils, and it was from here that the
tree-fern stem with some other specimens (Olozamites and coniferous shoots
resembling Pagiophyllum) was collected. Though these fossils were not found
i situ there is very little doubt that they belong to the Variegated Stage and are
thus of Jurassic age. This view has been confirmed by Dr. E. R. Gee, who is
familiar with the lithology of the Nammal gorge strata, and who was kind enough
to examine samples of matrix from these specimens.

Previous fossil plant collections from the Nammal gorge—The only other
collection from this area known to me is one by Dr. Gee, which was sent several
years ago to Professor B. Sahni by the Director, Geological Survey of India. These
fragments came from the following localities:—

(1) ‘Nammal’ (badly preserved wood);

(2) ‘Right side of the Bakh gorge’ (Brachyphyllum and other fragments);

(3) ‘Wahi river (Bakh ravine) S.W. of Nammal’ (comminuted plant fragments
and badly preserved wood).

Bakh ravine/gorge is the same as Nammal gorge. Nammal is the name of a
village situated near the entrance to the gorge. Whether the reference here is to
this village or to the Nammal gorge is not known.

Other Mesozoic plant-bearing formations in the Salf Range.—The Triassic and
Jurassic periods of the Mesozoic era saw in several parts of the western Salt Range
a prevalence of lagoonal or fresh-water conditions (Gee, 1945, p. 277). Triassic
plants were collected by Dr. Gee from the vicinity of Sarai village to the south of
Sakesar (Sitholey, 1943). The present author has collected from the Kingriali
Sandstone Stage ( ? Triassic) in the Nammal gorge pieces of & carbonaceous sandstone
extremely rich in well-preserved cuticles. The only other collection from the
Jurassic was made by Dr. Gee several years ago. It includes the specimens
from the Nammal gorge mentioned in the previous paragraph. The best part of
this collection came from around Daud Khel and Sakesar, comprising excel-
lently preserved ferns (Sahni and Sitholey, 1945), cycadophyta, and conifers.
Specimens of Ptilopkyllum were collected by Mr. N. K. N. Aiyengar from Makerwal
in the trans-Indus Range.
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DESCRIPTION.
Protopteris nammalensis sp. nov.
(PL I; PL II, Photos 2-4; Pl IIT; Text-figs. 1-3 and 6-9.)

The stem (photo 1) is preserved in the form of a flattened cast in coarse-grained,
yellowish-brown sandstone. It is about 16 cm. in length. The circumference of the
flattened cast is about 26 cm. Divided by = that gives a diameter of a little over
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TEeXT-¥16S. 1-3. Protopieris nammalensis. Tracings from photos 2-4 (Pl II). Details not
clearly visible in the photographs are here added by reference to the actual specimen.
The arrows in text-figs. 2 and 3 indicate the presence of adventitious roots. All slightly

enlarged.

TeExT-¥16. 4. Partial reconstruction of a leaf trace of Protopteris nammalensis., (See text,

p- 6.) X ca. 33,
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8 cm. and this helps us to have an idea of the thickness of the stem in the living
condition. The surface is covered all round by a pattern of closely spaced rhom-
boidal areas (photos 1-3). These are impressions of the leaf bases. The persistence
of the latter on the stem is a well-known characteristic of modern tree-ferns. The
leaf bases in many of the living Cyatheaceae and in several of the fossil stem-genera
are covered with adventitious roots. It is difficult to make out any such roots in
the Salt Range specimen, but this can be due to the imperfect preservation. In
the lower parts of one or two leaf bases small pits suggestive of root scars are seen
(text-figs. 2-3, near arrows); but they do not show any regular arrangement and it is
difficult to be sure whether they are impressions of roots or merely irregularities on
the surface of the matrix.

The leaf bases.—The leaf bases are rhomboid and measure approximately
3 em. x 1'5 em., with the longer diagonal vertical. They are contiguous, and conceal
the actual stem completely from view. The specimen figured here seems to belong
to the upper portion of the trunk. Ogura (1927a, p. 281, fig. 59; pp. 237-240,
figs. 35-36) has described in two modern tree-ferns, Alsophila latebrosa and A. Bongasr-
diana, a change in the arrangement and spacing of the leaf scars as we pass from
below upwards. While in the lower portion of the stem the scars are more elliptical
in outline and distantly spaced, in the upper region they become circular and con-
tiguous; ‘the change from the one condition to the other is gradual. Moreover,
the upper part of the stem in Alsophila Bongardiana shows no adventitious roots
although they are present in the lower part. It is possible that these roots are not
seen in the Salt Range fossil for a similar reason. In a very useful generalised
diagram Ogura (loc. cit., p. 310, fig. 71) has illustrated the various transitional
changes met with in a cyatheaceous stem from one level to the other.

The leaf trace.—In spite of the rather poor preservation the leaf trace is visible
in several of the leaf bases (photos 1-4, 7-10; text-figs. 1-3, 6-9) and enables us to
place the fossil in its correct systematic position. The superficial appearance of a
specimen can often be misleading. Thus Sternberg had identified as Lepidodendron

TEXT-¥1G. 5.

TexXT-FI6. 5. Protopteris punctate (Sternb.). Portion of a sandstone cast described by Heer
from Disco Island, Greenland. Cenomanisn. After Heer (traced from Seward’s
‘Fossil Plants’, Vol. TI, p. 373, fig. 277). Very slightly reduced.

punctatum the tree-fern stems from the Cretaceous of Kaunic in Bohemia on which
Presl founded the genus Profopteris; Brongniart had referred the same to Sigillaria
A{Seward, 1910, pp. 371-372; Feistmantel, 1877, p. 133). A portion of Brongniart’s
drawing of this ‘Sigillaria’ (1828, P1. 141) is reproduced in our Pl TII, fig. 5.
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The leaf trace is seen more clearly in photos 2—4 and 7-10 which were taken
with the fossil completely immersed in xylol. This process effectively subdues
relief and thus helps to bring into prominence details which are usually lost in the
roughness of the surface. Text-figs. 1-3 and 6-9 are tracings from these photo-
graphs, checked and improved upon by constant reference to the original specimen.
The trace, as shown in the illustrations, is not placed quite in the middle of the
rhomboidal area representing the leaf base but lies somewhat nearer to the upper
side. It consists of a single bundle curved in the shape of a U. The outline of the
trace varies somewhat in different leaf bases; the width of the U differs and there
are various degrees of indentation of the sides. But the basic form of the trace
prevails everywhere. The variations may in part be due to the flattening and a
certain amount of squeezing to which the stem must have been subjected during
preservation.

The free ends of the U appear to have curved inwards as in the leaf traces of
Protopteris punctata (P). I, fig. 5; text-fig. 5). This is indicated in our specimen by
the presence of one or two lines, parallel to the sides of the U, placed in the middle
of the U-shaped enclosure (photos 7-10; text-figs. 6-9). They probably represent
the broken portions of the incurved margins of the leaf trace. Their continuation
with the main U-shaped curve has not been seen. However, the two present ends
of the U, in almost all the bundles, are seen to be inclined towards and not away
from each other; this fact supports the theory that they probably looped inwards
and joined with these lines. In the text-figures the inner lines are drawn boldly
where they are clearly preserved, and as dots where they can be seen only with
difficulty. Text-fig. 8 (photo 9) shows the two lines clearly preserved; here there
does not seem to be much doubt that they are the incurved portions of the leaf
trace. The base of the U appears tc be sinuous as in many modern Cyathea-
ceae (see especially text-fig. 7 and photo 8). Text-fig. 4 shows an attempt at partial
reconstruction of a leaf trace of the Salt Range species. It stands to modification
or correction by future discoveries.

Affinities —With its persistent leaf bases and the characters of the foliar trace
our specimen can be related most nearly to the Cyatheaceae. This group of ferns
today flourishes in the tropical and sub-tropical regions of the northern and the
southern hemispheres. Its fossil representatives are found chiefly in the European
foras of the Cretaceous and the Tertiary periods, though Coniopteris hymenophylloides
and allied leafy species, also of cyatheaceous affinity, enjoyed an almost world-wide
distribution in the Jurassic.

Generically the present fossil comes closest to Prolopteris Presl and is therefore
provisionally referred to it. As already stated this genus was created by Presl
for tree-fern stems from the Cretaceous of Kaunic in Bohemis, which had been
wrongly described by Sternberg as Lepidodendron punctatum. Seward (1910,
pp. 371-372) writes: ‘The genus Profopteris stands for fossil fern-stems with the
habit and, in the main, the structural features of recent ferns. Persistent leaf
bases and sinuous adventitious roots cover the surface of the stems..........
1t is by the pattern formed by the vascular tissue on the exposed surface of the leaf
bases that Protopteris is most readily recognised. The leaf trace has a horseshoe
form with the ends curled inwards and the sides more or less indented.’ An ex-
amination of the figures of the Salt Range specimen will show that it conforms in
good measure to this description, both in the surface features of the stem and the
detadls of the leaf trace: the leaf trace possesses in general the form of a horseshoe
the side indentations are present though they are not so deep as in some of the
figured specimens of Protopteris (P1. II, fig. 5; text-fig. 5); and the ends were probably
incurved as suggested by the inner lines (photos 7-10; text-figs. 6-9) which are
here believed to be the broken parts of the two loops. Despite these resemblances
the possibility of our specimen belonging to a different genus should be kept in the
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mind. But until fuller data on the anatomy of the stem become available it would
be convenient not to separate it from Protopteris. _

. Noteworthy and perhaps of some generic significance is the plicated appearance
of the lower part of the leaf trace in our specimen. The figures of Protopteris by
the early authors do not show this character. In 1929-30 Professor Sahni made
a tour of several European museums. He has kindly made available to me his
notes of visits to the fossil galleries. According to him, faint indications of sinuosity
are present in one of the leaf traces of the original specimen of Protopteris Singer:
figured by Corda in his ‘Flora Protogaea’ (1867, Pl. 48, fig. 2) and now preserved at
the Breslau Geological Institute. Plication has also been demonstrated by Dr. A. R.
Rao (1934, Pl. 33, fig. 2) in the leaf traces of the type specimen of Profopteris Cottai
Corda from Saxony belonging to the Dresden Museum.

Comparison with other species of Protopteris—The present specimen comes
nearest in general features to Protopteris punctata (Sternb.), a widely spread tree-
fern of the Cretaceous period, described from England, Bohemia, and Greenland.
A tracing of a portion of the sandstone cast described by Heer from Disco Island in
Greenland (Seward, 1910, p. 373, fig. 277) is shown in our text-fig. 5, and the Bohemian
specimen of Profopleris punctata in PL II, fig/5 as ‘Sigillaria’ punctata (Brongn.).
Both show the characteristic form of the leaf trace. Velenovsky (1888, PL 5, figs. 2-3)
has described under the name Dicksonia punctata Sternb. stems from the Cretaceous
of Germany identical with Profopteris punctata. Corda (1867, Pl. 48, fig. 1) has
figured Sternberg’s specimen of Protopteris punctafa under the name Protopteris
Sternbergii. Professor Sahni has examined a sandstone cast labelled Profopteris
Sternbergii in the Museum fir Naturkunde at Berlin. His sketch of the specimen
shows it to be considerably like our own.

All the above European specimens, however, differ from the Salt Range form
su the outline of the leaf trace and in possessing definite root scars. The trace in
these species (text-fig. 5; Pl I, fig. 5) shows marked side indentations, the two free
ends of the U first bending sharply, almost at right angles, towards the outside before
curving inwards; in the Indian specimen, on the other hand, the side invaginations
are not so prominent (text-figs. 6-9). Our fossil resembles Protopteris Cottai, the
German Cretaceous species redescribed by Dr. Rao (loc. ¢it.), in possessing a plicated
leaf trace, but the general form of the trace in the two species is quite different. In
its simpler outline the foliar trace of Protopteris Witteana Schenk (Seward, 1894,
PL 11, fig. 3), another Cretaceous species from Germany and England, is more akin
to that of our specimen; the indentations in the sides are very similar to those seen
in our photographs and the only differences are the rather more rounded form and
the absence of sinuations in the trace of P, Witteana. (See our Pl IT, fig. 6.)

Diagnostic characters.—In the absence of internal structure it is difficult to
identify the present specimen with any of the known species of Profopteris, in most of
which the microscopic features of the anatomy are preserved. Moreover, all of
them are younger in age than the Indian fern, coming mostly from the Upper
Cretaceous and, in some cases, even from the Tertiary formations. In view of its
greater geological age and the differences exhibited by the leaf trace, the Salt Range
stem is being given a new specific name, Protopteris nammalensis, the characters of
which may be summarised as follows:—

Cast of cyatheaceous stem about 8 cm. in digmeter. Leaf bases contiguous, ar-
ranged spirally, rhomboidal, measuring 25 to 3 cm.x 1-5 em., with the longer diagonal
vertical. Leaf trace composed of a single vascular bundle curved in the shape of a
horseshoe, with the ends probably incurved; side indentations shallow. The lower
convex part of the trace shows sinuosity. Advenlitious roots doubtfully present.

DiscuUssIOoN.
The discovery of Protopteris nammalensis in the Salt Range is of interest from
several points of-view,
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(1) This is the first record of the genus from India and, as far as we know, from
Gondwanaland. ,

From India the only cyatheaceous fossils known so far are Protocyathea trichi-
nopoliensis * Feistmantel (1877, fig. 1), Protocyathea rajmahalense Jacob (1937),
Tinpaharia sinuose Jacob (1940), and Coniopteris hymenophylloides Brongm. Of
these Protocyathea trichinopoliensis alone was found in South India and the rest
have been reported from the Rajmahal Hills, Bihar. The genus Protocyathea was
created by Feistmantel for a tree-fern stem collected by H. F. Blanford from the
Trichinopoly district. Tt differs from Profopteris in having a leaf trace composed
of several separate bundles. From the description of the locality given by the author
the fossil cannot be a Gondwana plant. Feistmantel writes (1877, p. 133): ‘ Amongst
the fossil plants in the collection of the Geological Survey there is a portion of a tree-
fern stem from Trichinopoly, collected by Mr. H. F. Blanford from the same strata
with the marine animal remains which yielded the numerous material for Dr. Sto-
liczka’s monograph on the history of these fossils.” According to Prof. L. Rama
Rao, as quoted by Dr. Jacob (1987, p. 82), the fossil probably belongs to the Utatur
group which has been correlated by him with the Cenomanian (Rama Rao, 1942,
p- 71). This would make the specimen in question Upper Cretaceous in age, whereas
the Gondwana system in India nowhere extends above the Lower Cretaceous (Neo-
comian) (Krishnan, 1943, pp. 230-231, Table 18).

Tinpaharia was a name given by Jacob to silicified fern stems with attached
rachises and roots showing affinities with the Polypodiaceae and the Dicksoniaceae,
and believed by him to have foliage of the Coniopteris hymenophylloides type: the
attribution of T'inpaharia to Coniopteris, however, still needs confirmation.

In other parts of Gondwanaland the Cyatheaceae are represented only by the
genus Coniopteris. Coniopteris hymenophylloides has been reported from Australia
and New Zealand and from Grahamland. Bancroft (1932) has described a cyathea-
ceous stem, Dendropteridium cyatheoides from Mount Elgon, East Africa, but this is
of late Tertiary age.

It is necessary here to draw attention to the Gondwana affinities of the fossil
plants from the Mesozoic of the Salt Range. Though plant remains from the Salt
Range were reported by Waagen as early as 1879 (p. 184) and in the following year
by Wynne (Feistmantel, 1888, p. 64), it is only of late that it has been possible to
gain some knowledge of the structure and affinities of the rich fossil flora of this
region, thanks chiefly to the collections made by Dr. Gee. The Gondwana affinities
of these plants were recognised by Feistmantel even with Wynne’s poorly preserved
material from Shekh Budin (loc. cit., p. 65). The recent collections tend to confirm
this view.

(2) The genus is being reported here probably for the first time from the Jurassic.
Protopteris has been recorded from Europe so far only from the Cretaceous (mostly
Cenomanian) and Tertiary rocks. Its occurrence in the Variegated Stage of the
Nammal gorge can lead to two inferences: (@) that the genus had a wider vertical
range and is now shown to extend down to the Jurassic, or (b) that the Variegated
Stage is not Jurassic but Cretaceous. The occurrence of Otozamites and Pagiophyllum
in the same horizon, however, supports a Jurassic age for the beds. Moreover,
although a majority of fossil cyatheaceous records are Cretaceous, several are
Jurassic, e.g. Protocyathea rajmahalense and Tinpaharia from India; Cibotiocaulis
Tatetwae and Cyathocaulis naktongensis from Japan (Ogura, 1927b); and Coniopteris
hymenophylloides, which had an almost world-wide distribution in that period.

(3) The discovery of the Salt Range fern extends the geographical range of the
Mesozoic Cyatheaceae in India to the north-west. As mentioned above, cyatheaceous
fossils from this country have been reported till now from its southern and eastern

* A photograph of the original specimen is reproduced by Dr. Jacob (loc. ¢it.) in his PL 10.
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parts only, namely, the Trichinopoly district in the far south of the peninsula and
the Rajmahal Hills in Bibar.
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ExXPLANATION OF PLATES.
(All the photographs are untouched.)

PraTte L
1. Protopteris nammalensis sp. nov,

Natural size photograph of the sandstone cast taken with side lighting to show the pattern
formed by the leaf bases on the stem. Locality—Nammal gorge, Salt Range. Age—Variegated
Stage (Jurassic).

Prare 11,
2, 3, 4. Protopteris nammalensis.

. Photographs of portions of the stem shown in pl. 1 taken with the specimen completely
1mnlamer53d in xylol. The leaf traces are here seen more clearly (cf. text-figs. 1-3). Slightly
enlarged.

5. ‘Sigillaria’ punctata of Brongniart,

Copy of a portion of the figure given in pl. 141 of ‘Histoire des Végétaux Fossiles’, The
specimen was named Protopteris punctata by Presl. (See above, p. 7.) The drawing shows the
characteristic shape of the leaf trace. Natural size. .
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6. Protopteris Witteana Schenk,

A leaf base showing the leaf trace. Natural size. Copied from Seward’s ‘Wealden Flora’,
pl. 11.
Prate III.

7-10, Protopteris nammalensis. %

Leaf bases further enlarged to show the form of the leaf trace. Note in photos 7, 9 and 10
the lines inside the U-shaped enclosure, which are probably the disconnected parts of the incurving
ends of the leaf trace. Cf. text-figs. 6, 8 and 9. Photo 8 shows the sinuosity in a leaf trace

(cf. text-fig. 7). All xca. 3%.



R. V. RITHOLEY. Proc. Nat. Tnst. Sei. India, Vol. XV, Plate T.



R. V. SitHoLey. Proc. Nat. Tust. Sei. Tndia, Vol, XV, Plate II.

E. V. S8. Fhotos.
2-4,  Protopteris nummalensis sp. nov,
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